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Introduction

The largest part of the extant research on musimaensation (Samson & Zatorre,
1991; Chaffin & Imreh, 1997; Williamon, 1999; Girmsiyg, 2002) identifies four basic
types of music memory: aural, visual, kinaesthatid conceptual, each one of which
has been studied extensively by psychologists amglaians in order to help musicians
understand better the way they learn and memorisgical material. None of these
methods, however, accounts for the memorisatiomoté sequences as verbal material,
practised mostly by musicians who use the musidingamethod known as solfeggio,
or solfége. The initiative for the present studysvibern after a related incident during
my Masters degree in the UK, when | was asked ta thst-minute substitution for a
xylophone player in a wind band concert. As botihcpssionists had cancelled, the
xylophone-and-marimba solo in one of the piecesthdie performed by me — a cellist
with no previous experience in percussion — andok \player, who was also a self-
taught percussionist. The solo itself was not clififi: it lasted no more than 10 seconds
and both instruments were playing in unison; at ¢imel of the second, and last,
rehearsal, | found myself playing it by memory irder to be able to concentrate on
hitting the correct notes and occasionally lookhatconductor. The marimba player, on
the other hand, had chosen to look at the musictla@dnstrument, omitting the eye-
contact with the conductor, resulting in some cistn from the afflicted party and a
lively discussion after the rehearsal regarding memorisation skills. |1 had learnt the
solo as a nonsense poem consisting of sequenceslfége syllables; the other
percussionist explained he would not feel safeqoering by memory on a relatively
unknown instrument to him, especially at such shottce. This led to the realisation
that two different kinds of memorisation were bethgcussed: the marimba player was
clearly talking about an insecurity stemming frone lack of kinaesthetic cues; but
which memorisation strategy did solfege syllablepresent? The verbal, or quasi-
verbal, element pointed to conceptual memory; enatiher hand, this type of memory
is primarily linked to meta-musical information alistructure and patterns, of which |
was only indirectly aware, through the knowledgetw pitch material. This incident

raised numerous questions: do people who knowgmlise it as a separate strategy for
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memorising music? Do people who do not use solfesye a similar way to approach
music, through which they can be constantly awdrte pitch material in a piece or
passage? Does the use of solfege consequentlye camatadvantage in the music

memorisation process? Do solfege syllables comstiinguage, music, or both?

In order to investigate these questions, some itiefis have to be given, starting with

the definition of ‘solfége’ itself. According tGrove Music Online, solfege is

The use of syllables in association with pitchesaaanemonic device for
indicating melodic intervals. Such syllables amusically speaking,
arbitrary in their selection, but are put into aeentionalized order...

(Hughes and Gerson-Kiwgrove Music Online)

It was devised most probably between 1025 and 13Guido d’ Arezzo, an ltalian
Benedictine monk, well known for his pioneering Wwayn music methodology: the
arrangement of staff notation in thirds as welktzes invention of a set of overlapping
kinaesthetic-based systems, part of which is selfege attributed to Guido (Miller,
1973; Hughes and Gerson-KiwGrove Music Online). Guido’s innovative ideas
stemmed from the desire to make the teaching ofcbhonusic easier for both students
and instructors: solfége, thus, was initially caaed to serve as a memory aid and a
method to sight-read and learn new music. Up to,teengs were mostly taught by rote
and continuous repetition, a method which was extlg time-consuming and
counterproductive; Guido decided to turn his attentfrom song-learning tenusic
learning in general, so that choir singers wouldablke, first of all, tchear consecutive
pitches accurately and then also be able to siegithHn order to achieve this, he
attributed a different syllable to each pitch, ke piece could also be taught as a series
of syllables; there are various theories regardhegorigins of the first solfege syllables
(ut, re, mi, fa, sol, la and arguably si), the doamt ones being either that Guido
adopted the syllables of Arabic solfége or thatibed the beginnings of verses from a
hymn to St. John (Miller, 1973). What is importasthat the system Guido devised —
or, at least, perfected — proved so successfulitiggined the approval of Pope John
XIX; having the blessing of the head of the Cathahurch, solfege spread easily in

Europe and its colonies over the following centrie
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During the millennium of solfege history, the usesnnotations and basic meaning of
the term have fluctuated drastically. The wordreg@iently met in its French, Italian
and several English variants: ‘solfége’, ‘solfedgidsolmization’ or ‘sol-fa’
respectively; all the above are found almost eguaflen in the literature, either used
interchangeably or having subtle differences irufpaccording to the different school
of teaching they refer to. For example, the wornsgzation’ usually implies a stress
on the aural and mnemonic aspect of the systenie dalfeggio’ or ‘solfege’, usually
employed as synonyms, often suggest a link withltdlean vocal technique and the
tradition of the Conservatoire de Paris. Hereoe,tédim ‘solfege’ is going to be used in
all cases, except when quoting directly from a sewvhich uses another version of the
word. The decision to use the term ‘solfége’ caesily in the present study was made
mainly due to the existence of the word in thetdf one of the most essential solfege
methods, first published in France at the end oftd’ century (Dannh&auser, Lavignac
and Lemoine, 1891):. ‘Solféege des Solfeges’ is dituemtial textbook, which has
dominated the field since its first publication dmak been used in almost every country
that incorporates solfége in its music educati®ystem. The word ‘solfége’ in the
present text will denotéhe practice of assigning the verbal labels ‘do’,re’, ‘mi’,

‘fa’, ‘sol’, ‘la’, ‘silti’, to particular acoustic frequencies within a musical context

Another important distinction has to be drawn bemvdixed-do and moveable-do
systems: in fixed-do solfege, every syllable alwaggesponds to a specific pitch; for
example ‘do’ is always C, ‘re’ is always D and so. doveable-do, or tonic sol-fa,

syllables, on the other hand, denote degrees afdhlke rather than specific pitches; in
this instance, ‘do’ is always the tonic. The moveatn system has further subdivisions,
such as the la-minor system, in which ‘la’ (or A)always the tonic of minor scales; in
addition, most moveable do systems employ diffevemtels for accidentals: sharpened

notes change their vowel to [i] and flattened natepe], for example la (A) becomes i

(A#) and le (&) respectively. The issue of whether fixed- or nade-do is preferable

has been the subject of a long debate with strogign@ents on both sides (Siler, 1956;
Bentley, 1959; Humphreys, 2006); the superioritythed fixed-do system in terms of
perceptual refinement and appropriateness are gminbe argued in Chapter 1.2
(Solfege as perception). According to the defimitad solfege provided in the previous
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paragraph, whenever the term ‘solfége’ is encoedtér the present review, it is meant

to denote the fixed-do system, unless otherwisieated.

Institutions for Western music around the world édn@a used, at one time or another,
one or more of the aforementioned solfége systenteach music; the contemporary
music scene can be divided in two in respect tdegel teaching in the music

curriculum:

1. Countries in which solfége is a fundamental partmafsic education, such as
Russia, France, Spain, Italy, Balkan countriesjnLAimerican countries and

others.

2. Countries in which solfege is only taught by songhér education institutions
for music, depending mostly on each institutionfmice of curriculum, staff
and approach; such countries are the USA, the U&ma@ny, Australia and

Canada.

As the present research aims to look at solfegelation to music memorisation, there
is a variety of issues that need to be discuss#fitge, aural skills and training, music
cognition and perception, memory and working memonyusic memory and

memorisation are some of them. As each one is beoatdigh an area of research to
cover a book by itself, a common point of referersca@ecessary in order to keep the
discussion focussed and comprehensible: in theviollg chapter, all topics are going

to be seen in relation to, or in combination wgblfege.

The first chapter of the thesis is going to revighe relevant literature in the field, in
order to provide a theoretical grounding to the ieicgl investigation of the role of
solfege in specific aspects of musical reality. @ba 2 is going to discuss the
methodology adopted in the empirical part of thedgtand establish the aims of the
research. In Chapters 3, 4 and 5 a full descripind analysis of the data gathered
through experimental work will be provided; Chap&rwill provide a concluding

discussion of the experimental findings and theceiearguments.
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Chapter 1 Solfege in context

1.0. Introduction

The first section of the present chapter is gomg@resent historical aspects of solfege,
describing certain phases of its evolution and lbgweent in selected countries and
how it has functioned as a problem or as a solutiorespect to particular musical,

methodological and pedagogical issues. In the sulese section, the perceptual basis
of solfege is going to be argued; finally, spesiadi issues of human memory and music

memorisation are going to be tackled in relatiosdtiege.

1.1.0. Historical Perspectives

Apart from the confusion caused by the variantthefword solfége in other languages,
the content of the term itself seems to be sulip@lterations according to different
periods’ attitudes and approaches to musicianghpn during the same time period in
different countries, solfege has been regardedgigem for elementary music learning
or as bold innovation; as an obsolete teaching ogetin as the source of inspiration for
creative music learning; as a major hindrance fosioal creativity or as the ideal

framework for musical creation. It is out of theope of the present study to provide an
exhaustive account of global attitudes towardseg@f it is, however, interesting and
worthwhile to briefly look at how certain trends mducation have affected the
perception and use of solfege by music teacheroimtries that have had played an

influential role on music learning traditions.

As research on solfége per se is scarce, the preseount is based on numerous
sources giving more or less detailed accounts ofpeetives and attitudes towards
solfege, which are usually expressed by the wag débate on music education in a
particular country, at a particular time. Thereéstainly more than one way in which
this material can be categorised: according to ggigcal area or time period,

according to the focus of the author — whethersitai philosophical, educational,

performance-based approach or other — or accoindirtge attitude adopted towards
solfege in particular. What is more important thia@ order of presentation is to acquire

an accurate impression of the evolution of tendendrends and musicians’ perceptions

6



Chapter 1 Solfege in context

regarding solfege, and how, in certain countriesaime to be rejected after decades or

even centuries of practice.

The historical account of the evolution of solfagdl be divided in two parts: in the
first, a brief history of solfege in selected caieg will be presented, along with
prominent figures and institutions that have sumggbisolfege in these countries; the
second part will outline the general, diachroniguanents of educators and researchers

against solfege and how they are refuted in tieedlitire.

1.1.1. A historical geography of solfege

A report of the historical course of solfege intgronally is beyond the scope of the
present thesis; this chapter will present certaprasentative aspects of solfége
evolution in selected countries, in order to prevah understanding of the basic trends
in music education with which solfege has beendihiduring the centuries of its

existence.

1.1.1.1. Solfége in Continental Europe

Since its invention in early Yicentury ltaly, solfége has been taught in allidtal
institutions for music, ecclesiastical and, lasagular: from the medieval boys’ choir in
St. Mark’s cathedral to the specialized™entury institutions for music teachers,
solfége has been invariably considered an absahateessity to the performing
musician, the composer and the music teacher (Arnt®62-1963; Mangino, 1963;
Selfridge-Field, 1976). The historical coinciderafethe genesis and establishment of
solfege on the one hand and the subsequent floandrdominance of Italian music on
the other should not be considered to be fortuiteaege, along with the development
of notation, provided an appropriate backgrounddietailed, rigorous practice as well
as a novel way to approach vocal music; this, in,tareated the optimal environment
for the emergence of the Italian singing schodtidguished, amongst other things, for

its emphasis on technique. The spread and influaicéalian music during the
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Renaissance familiarised the rest of Europe witfége, which is presumably how it
came to be standard practice in the majority obpaan countries; the assimilation and
development of solfége in the music culture of sahthese countries will be depicted

in the following paragraphs.

The word ‘solfege’ appeared in French for the finste in 1769, along with the Italian
instruction methods for singing, in an effort tasevocal performance standards in
France (Phillips, 1997); solfége training has bee@m integral part of music education
in France ever since, having been preserved threwagtime and social, educational
and political reformations (Coeuroy and Baker, 19%/Ayne, 1945). One of the oldest
and most prestigious institutions for music in coetal Europe, the Conservatoire de
Paris, has included solfége teaching in its culuitusince its establishment in late™8
century; solfége classes were not regarded as emdary, but instead trained students
to use solfege as means to achieving excellendbeirstudy of harmony, theory and
rhythm (Philipp and Martens, 1920). Pierre Baillatprominent concert soloist and
violin teacher in the Paris Conservatoire, co-aythlmng with Kreutzer, of the official
Conservatoire violin method, argues that ‘To haeedtudent undertake the study of the
violin before he has learned solfege is to conddrm to reading music without
understanding it.” (Baillot, 1834 in Hiatt and Csp2006, p. 49). Of the many famous
students of the Paris Conservatoire, Bizet and Bgphad received numerous prizes in
solfege as children (Curtiss, 1952; Jean-Aubry81®tod’homme, 1918); Debussy had
apparently studied solfege under Lavignac, onadefiuthors of the semin@blfege des
SolfegesAnother leading figure in music pedagogy, comipasiand conducting, who
believed firmly in the necessity of solfege was MdaBloulanger: having experienced the
Conservatoire both as a student and as a teatigecpssidered solfege to be of primary
importance for all musicians and for composers artipular, as it helped the
development of aural and rhythmic skills and forensolid basis for creation (Ohanian,
1977). Boulanger herself had been reported to leacellent solfége skills and to use

them not only for reproduction and practice, bsbdbr improvising (Peles, 1994).

In the rest of Europe, mentions of solfege as aegnal part of the national music
curriculum reveal its established status as a Wduaducational tool in Portugal
(Kosloff, 1963), Poland (Hlawiczka, 1931), Hungé&bgrdanyi, 1957; Adam, 1965), and
Bulgaria (Wassell, 1966).
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1.1.1.2. Solfége in England

The status of solfege in England has been hardprestigious as in the rest of Europe,
despite the fact that it was known to the Englishearly as late f6century: in the
‘Taming of the Shrew’, Shakespearean charactersenfldwless use of solfege
terminology (Long, 1950; von Ende, 1965), a factatthpresumably reveals
Shakespeare’'s own familiarity with the solfege idioThe teaching of solfege,
however, did not become instantly and consistgmilyular in England: performers and
music teachers appear diachronically more ambivaégyarding solfége’s necessity and
importance, resulting in a rather heterogeneoustipeaof solfege in England through
history. Sands (1942) reports that all"&@&ntury singing teachers in England supported
solfege as an important technique, but not alwaysiatly as to the reason for this
importance, i.e. whether it benefited articulatiembellishments or sight-singing; on
the other hand, certain celebrated teachers dintieeseem to ‘lament the neglect of sol-
fa in England’, while others believed in its intumtion after the singer had been
learning intonation by intervals (Sands, 1943-194422). A possible reason for the
intentional neglect of solfege, especially in tivstfyears of training, seem to be the
complexity caused by the use of the moveable desysf this is considered within the
context of 18 century music education, which was, naturally tedifferent to the
contemporary specialised training musicians rec@ivacademies and universities, it
can be assumed that the demands placed by the blewida system on the average
beginning singer were excessive for the periocdadards and needs. Despite all this,
however, it seems that rudiments of solfege wenghtiby almost all teachers at the
time (Sands, 1942, 1943-1944).

A century later, a letter to the editor Miusical Timeseveals that solfege classes had
become less popular, apparently due to a miscoocefitat girls should not receive
singing lessons before they are 17-18 years oédattihor regrets the fact that England
does not follow the example of continental Consirivas where all music students,
instead of singers only, attend solfége lessons fem early age, thus having the
opportunity to become fluent sight-readers (Lutde389). Such appeals, though, do not
seem to have altered drastically solfege’s positiorEnglish music education: the
attitude towards solfege in pre-war Britain is ceyed in a 1931 article, which

describes a state of general incomprehension atisli towards solfege, nevertheless

9
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taught in music schools at that time (McNaught,1)9&e author himself appears to be
a supporter of the moveable do method, althoughasaipposed to fixed do but rather
as opposed to a lack of solfege training in gen&wilfege’s standing within the musical

elite of the time appears grim: it was taught tosthanderstood by few and put into

practice by even fewer; this continued to be treeda the next decades, resulting in the
gradual restriction of solfége to elementary schot@dssroom teaching and the

subsequent disuse by most practising musicians.

1.1.1.3. Solfége in America

In the southern part of the American continent, MexCentral America and the rest of
Latin America, solféege has been and still is aegral part of music education (Seeger,
1944; Proudfit, 1966; Inglefield, 1962; Lawler, T®4Beattie and Curtis, 1941;
Sigmund, 1972; d’Arcangues, 2004); this is presuynaarrying on the traditions
established by conquistadors and all later colosiZEhis, however, is not the case in
the north of the continent: musicians in the USA& aot systematically trained in
solfege from an early age and whether they leain ftigher education is left to the
discretion of the staff of each music departmehte $ame is true in Canada, although,
most probably owing to the ties of the country wHtance, solfege is somewhat more
familiar to Canadians than to American musiciangyemtheless, neither of these
countries can be described as providing consistetiege training throughout their

music education systems.

Despite the fact, however, that solfege is defipiteot a current priority for music
education in the USA and Canada, several prominestitutions in both countries have
used it extensively in the past: such is the exangfi the New York National
Conservatory, which in 1887 included three solfégachers in a 12-member staff
(Rubin, 1990); the Oberlin Conservatory, which hmaduded advanced solfege courses
in its curriculum since the early 1960s (Gehrkeh860) and also the Montreal
Conservatoire in Canada, whose director in thel@0s, Eugene Lapierre, argues that
the compulsory teaching of solfege in schools bynpetent teachers should be a
priority in order to help Canadian music evolve ahieve world-class standards

(Baillot, 1932 in Calvocoressi, 1932, p. 616). OQthmonservatories, preparatory
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institutions for students or teachers and univiessitor the minorities across America
are also reported to offer solfége classes, stpftom 1799, when the first American
conservatory is said to be founded in Boston bylthkan Filippo Traetta (Marraro,
1946), until about the 1950s; in the majority oésh cases solfege is reported to be
taught primarily as an aid to sight-singing (Schd®85; Forssmark, 1941; Peithman,
1945; Newton, 1953; Troth, 1961; Papke, 1970; Caffm1987; Buckner, 1982,
Lowens and Lombard, 1985).

In post-war North America, however, a number of Aicen music educators were
hostile, amongst other things, towards the ideaatfiege teaching in schools and in
university classrooms: this hostility needs to lelerstood in the light of a general
demand for the reformation of a problematic muslooational system. In this spirit,
some propose the condensation of solfége, auraligaand harmony (O’Neill, 1948),
or the rapid progression from, or overall rejectafnsolfege singing (Benfield, 1944;
Blethen, 1953), so that classroom teaching keepdests interested and motivated
whilst providing at least the basic music educatidespite time restrictions; overall
rejection of solfege singing is also proposed bycatbrs who favour alternative
methods, such as letter names or numbers: Nye J1#84¢8es that numbers are much
easier to learn and promote efficient sight-singaithough he admits solfége to be an
optimal instrument for cultivating the voice (Ny&#948). Rolland (1947) argues that
solfege as a basis for strings teaching is techypidibgical as it does not promote
learning of unified fingering patterns across gfsinothers argue against the excessive
specialisation of the undergraduate universityiculum, and, in line with this, oppose
the breaking down of harmony teaching in solfegetation, sight-singing, keyboard
harmony and so on (Wilson, 1946). The view thafeg@ is not an omissible sub-
component of an overall more sophisticated studysic, but in itself a valuable tool
for music learning and music making will be arguater on in this thesis; this
argument, however, did not prevent American muwesachers to keep voicing objections

against the perseverance on solfége teaching ootch

All the above led to the gradual abandonment degelin America during the 1950s in
favour of a system that would be, or at least seebe, more liberal and ‘fun’-oriented;
this happened much to the dismay of many musicadts; who considered this turn to

be equivalent to leaving children in elementaryosthmusically illiterate (Nomme,
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1954). In spite of the retraction of solfége froornial music education, occasional
expressions of appreciation towards the spectacesailts achieved in certain European
and Soviet institutions and ensembles, who expresgtied solfége rigorously, can be
found in the literature (Wassell, 1966; Lowe angdpr 1959; Lawler, 1961; Revelli,

1961); such expressions perhaps indicate that soosc teachers still believed that
solfége can promote musicianship, although theyndidknow themselves the way to
handle solféege teaching and practice in a way thatld be both effective and

pedagogically appropriate. This awkwardness isstitated in the observations of a
questionnaire-based survey in a sample of 100 stsdand 14 music teachers in
Pennsylvania, showing that solfége singing skélsked quite low in both students’ and
teachers’ preferences (Kotts-Murphy and Brown, 198 issue of time, place and
case-appropriate incorporation of any music teachethod in a curriculum will be

discussed in the following section.

1.1.2. Theoretical debate

In the previous sections, literature on solfege wassented within a historical-
geographical framework. Certain writings, howeuwghich were not case-specific or
country-specific, could not be represented in tmstext; this section includes reviews
on papers that argue against or in favour of selfeg a more theoretical basis. The
basic patterns of arguments against solfege lig elrsely to each other and move
along two basic lines:

1. Solfége teaching is susceptible to becoming an ienidself rather than
means to achieving musicianship.

2. Solfege learning is extremely demanding, which rsakea drawback for
both weaker students, who find it almost impossitdad for stronger
students, who waste their time on solfege instégutactising more crucial
aspects of music.

The same arguments, with minor adjustments, aepted and elaborated on in Elliott
(1982), who discusses the debate between advoohtesusic reading teaching in
American public schools and those of their oppasieMusic reading is, of course,

distinct from the practise of solfége; on the othand, both elements are very often
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found together in approaches to music educatiorchwpromote musical ‘literacy’ as
the cornerstone of a deeper and complete musia#ratanding. It is not within the
purposes of the present review to evaluate thegogieal and musical value of any
particular approach to music teaching; the impagaf the overall framework,
however, in which music learning takes place, exjfiently stressed by researchers
(Swanwick 1988, 1999).

1.1.2.1. Solfége vs. aesthetics and meaning

The use of solfege in music instruction is veryeoftegarded as being opposed to the
aesthetic approach to music: this is based ondheymn misconception that a student
who learns music with solfége is likely to know mabout rules and techniques and
treat music as an elaborate combination of notas tb be able to comprehend and
appreciate music as an art form (Coeuroy and Bale29). Others support that solfege
is merely a part of training towards the developtwdra specific skill rather than music
education per se (Beardsley, 1971); in the sangedfrargument, the use of solfege is
recommended by some authors only in cases wheredfispproblem, rhythmic or
melodic, arises in a passage, while on all otheasions solfege is to be treated as an
artificial and undesirable dissection of music (kKlos, 1959).

The mistake all the above authors seem to be makitigat they attribute to solfege
properties that it cannot hold by itself: solfégendtions only as a part, albeit an
extremely essential one, of a general approachusiarieaching, which has to be time,
place and target-appropriate. If this framework selected carefully and applied
efficiently, solfege can only prove beneficial teetdeveloping musician; consequently,
potential problems do not arise simply from knowargl practising solfége, but rather
from having been taught solfége without at the sd@ime being instructed how to

manage this knowledge towards the end of musiciandthis view is reflected in

Leonhard (1982), who describes how solfege cantiomas a ‘false haven’ (Leonhard,
1982, p. 24) for music teachers, who use it atehdy stages of music instruction
simply because they do not wish to bother with erattof musical expressivity or

aesthetics; this is a common fate of even the rkiant concepts, be it solfege, the

theory of relativity or the internet, when they angbject to misuse and subsequently
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reduced to serving other needs than they oughthe.fact that understanding music
should be placed above everything else in musithteg is supported by many music
educators (Lamers, 1960; Castaldo, 1969): Castdlfl69) even proposes that, apart
from solfége and theory, performance is also bmsgtit as means to an end, or else

students lose sight of the original target.

1.1.2.2. Solfége as an educational challenge

Literature arguing that solfége places unreasonddreands on the beginning musician
has already been presented (see sections 1.1d4.2.524.3 for a discussion of solfege
in England and the USA); many music educators haaemed solfege to be too
difficult, too boring or too time-consuming for dents, therefore of little use. Once
more, the question arising is whether or not selfeyr any other music-reading or
music-learning system, can be taught in isolatasa supplementary tool within the
framework of a very specific music education systasma means to an end or as an end
in itself; the central issue underlying all theseestions is whether or not music
education in a society should be part of a cesedli detailed programme, or a flexible
entity, adjustable according to each community’arahbteristics and needs at a given
time. In the latter case, when the exact contena ofiusic lesson in a classroom is
subject to the educational ideology, skills andspeality of the individual music
teacher, the main share of responsibility falls tbe higher education institutions
responsible for teachers’ training; this approachsdnot guarantee homogeneity in the
quality of the resulting music cultivation (Swanwic1988). On the other hand, a
centralised music education policy is usually catee with the more ‘traditional’, or
rigorous, approaches to music education (Swanwi®8): such rigorous methods,
combined with the accessibility of all kinds of nwby contemporary school students,
often give rise to a ‘quaint musical subculturewédwick, 1999a, p. 127), which
results in the undesirable effect of music beingarded as a peculiar and even elite
activity. On the opposite side of the spectrum dsamvhat Swanwick (1999a)
determines as ‘eventfulness’ (Swanwick, 1999a, B3),1 a characteristic that
contemporary music education should feature inrotdenake the music lesson and,

subsequently, music itself appealing to studentss Interesting to note Swanwick’s
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(1988) critical stance regarding solfege and, neprecifically, the Kodaly method: he
asserts that it constitutes an obsolete tool, irgpmte for the teaching of music
outside a rigorous theoretical framework. As theppse of the present thesis is to
examine specialised characteristics of solfegeras@naming system, rather than look
at the potential of its incorporation in a partanumusic education system, it is outside
of the scope of the present study to review theaathges and disadvantages of
specialised solféege methods: from the ethnomusiicddly-sensitive, moveable-do
method of Zoltdn Kodaly (Dobszay, 1972), the inriwea system of Carl Orff
(Shamrock, 1997), who devised new instrumentsfthbest his pedagogical initiative,
to the holistic, movement-based Eurythmics of Endéeques-Dalcroze (Seitz, 2005)
and the keyboard-based approach of the Yamahansy$tkranda, 2000), a shared
characteristic of all these methods is the impaeatmey attribute in the acquisition of
pitch names in very early stages of music learniggthe purpose of the present study
is the empirical investigation of fixed pitch namashemselves, independently of the
framework they have been taught in, no elaboratahh be attempted on the
comparative merits of the above systems; afterempirical grounding of solfege
effects is achieved, its incorporation in a genarasic education philosophy will be the

subject of further research.

Swanwick’s criticism of the Kodaly method, howevepuld be extended to a more
general criticism of solfege; the characteristitsafége, especially the use of unique
syllables for note names, provide it with the ptisdrio function both as a contributing
factor to the creation of the ‘quaint musical subhae’ Swanwick describes, but also as
the basis for a creative, ‘eventful’ approach tosrmauCharacteristic accounts of such
cases are given by Choksy (1969), who describesgbeand fall of the Kodaly method
in the USA as a result of its introduction by adses of the ‘rigorous’ approach to
music literacy; Shamrock (1997), on the other hayngs an enthusiastic report of an
amalgamation of Kodaly solfége with the Orff-seheitk method, while Rogers et al
(2008) present the application of a singing-basédt gprogramme in elementary
schools, loosely based on the Kodaly method; Hauadnd Tacka (2008) also present
the Kodaly method from a contemporary, cognitivespective. All the above studies
emphasize the value of singing as a decisive fanttine success of the solfége-based
method they are examining; solfege, unlike othesioiteading systems, is inextricably

linked to music performance through song. The valuginging, especially in the early
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stages of music learning, has been repeatedlysstidsy researchers (Swanwick, 1988;
Stewart and Williamon, 2008), either in relationtie cultivation of general musicality

and confidence in the musical life of individua&dboda et al, 2005), or in relation to
the parallel improvement of specific musical skiksich as music reading (Galin in

Blasius, 1996, p. 10), aspects of instrumental gperénce (Morphy, 1918; Kendel,

1955; Hood, 1960; Drake et al, 1999; Wolbers, 2G0#) general aural skills (Richter,

1938; Fine et al, 2006).

Another critique of ‘solfege systems’ in generghe word ‘solfege’ here denoting any
use of arbitrarily chosen syllables as opposedumbers or letters — illuminates a
different aspect of the debate: if and how solfege meet the demands of music
education in transient societies (Brown, 2003). gkdag to Brown, the problem with

solfege is purely practical as it requires moressiaom time than do numbers, letters,
or a proposed ‘mixed’ system, which the author gateard as the most appropriate
solution to cover the needs of already clutteredicuia as well as the needs of children
who move homes and schools and have to constaddgtao different systems. A

similar argument, though less elaborated, appea@niearlier article, whose author
argues that instrumentalists are the only good tsigigers as they can rely on
kinaesthetic memory to pitch notes correctly (AdlE375); solfege and similar systems
are considered to be much less reliable due to #ibitrariness. Another alternative
note-naming system, the ‘tone-word’ system has Ipeeposed by Carl Eitz (reviewed

by Jones, 1960): Eitz's system is based on the gameiples as solfége but using
different syllables, as well as entirely differesyllables to denote sharpened and
flattened notes. This system, however, is strikingieconomical as there is a total of
twenty-one different, completely unrelated syllable learn in order to be able to sing
any given piece; it is not clear why solféege sykab a system that has been
successfully tested for centuries, should be replaby different, yet equivalent

syllables. The same argument is also made in Hu@d89), who defends the already
existing pitch-naming systems in a variety of crdgias being highly functional and
governed by perceptual universals; a similar caiolu is reached in the empirical

investigation of children’s musical organisationliibes by Brand (2000). Moreover,

an early study by Gerson-Kiwi (1958) supports tnaen the more ‘rigorous’ solfege

systems, like the Kodaly, can be adapted to fit nikeds of different societies and

cultures.

16



Chapter 1 Solfege in context

The problem of accommodating different musical ealdural traditions might sound as
quite unique to specific countries or areas witpaaticular social profile; it can be
generalised, though, to be seen as a potentiallgonotior the international music
community: the use of a specialised system forrmeig to music, such as solfege,
automatically excludes, at least to a certain degmadividuals who are not familiar
with or fluent in this system. In order to verityig statement, the questions that need to
be answered are the following:
71 Is it true that solfége syllables are more arbjtrand therefore harder to teach
than letters or numbers?
1 Which are the characteristics that a music-refeakaystem must have in order

to be appropriate and functional as a universaé@od

The above questions are both a matter of perceptienissues of if, how and to what
extent solfége is linked to human perception of imase going to be discussed in the

following section.

1.2. Solfege as perception

At the time of the completion of the present thesafege and perception had never
been looked at in combination by researchers,ast leot directly. Many assumptions
can be made about why solfege is neglected in tegnmesearch: the dominance in the
literature of researchers from countries which dbinclude solfége in their curricula,

the reluctance of researchers familiar with solfémee-examine such a traditional or,
for some, even obsolete method of music teachmfgar that it could be interpreted as
an attempt for the reinstatement of rigorous, akhfoned classroom teaching, or
simply the rapid advances in music cognition thakena potential comeback of solfege
seem untimely could be some of the reasons for tieiglect. Another plausible

possibility, however, could be that solfége occame extremely ambiguous space in
the universal mind, and in the minds of musicidrfalters between being conservative
or creative, alpha or omega, backbone or accesswsic or language. For this reason,

the next sections will introduce the idea of sodfeas a matter of perception first by
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setting out the relevant theory and creating anesogith other domains, in order to
illustrate that solfege and our perception of masi actually very closely interrelated.
Literature linking, either explicitly or implicitlysolfege to perceptual processing will be
presented in subsequent sections and, in thedasbs, the question of whether solfége

is processed as music or as language is going tizeloeetically tackled.

1.2.1 Empirical observations

It would be helpful to make some empirical obsdoret based on anecdotal evidence
in order to gain an initial understanding of sofégpen as a perceptual process. For this
purpose, it is useful to divide the population afisicians into three broad categories:
musicians actively practising solfége from the hagig of their music education;
musicians who have never come across solfége; rnsiavho have come across
solfége at some point in their lives but do not itseisually due to lack of adequate
experience with it. It is interesting to considkee treactions of the first group towards
the notion that the other two groups even existstrmousicians familiar with solfege
cannot even begin to think how it is possible toaaptualise music without knowing
the names of the notes; letter names provide awbatesquivalent point of reference,
but still the notion of not being able sing a pitch simultaneously with assigning it its
verbal label always strikes solfege musicians asgbextremely bizarre and even as
being a kind of impairment. Such strong reacticesemble people trying to imagine
how it would ‘feel’ and how they would be able terpeive the world if they were
congenitally blind or if they lacked knowledge ofmes concerning a specific
perceptual category. The most common examplesudrite the necessity of labelling
in the visual domain come from colour perceptios,irmthe case of painters and art
critics using dozens of different words for wha¢ tayman would simply call ‘green’,
or the arguable existence of nine different wordshie language of Inuit for ‘white’.
What happens to the non-visual artist, non-Inuithi@ above instances, is that they are
not able to distinguish effectively and/or verbalsuch a distinction between hues of
green or white because of lack of the appropristgulstic labels for them in their

vocabulary.
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In line with the above observations, the empiriealdence indicating that people
trained in solfége cannot cognise musical realiihout using solfége syllables points
to the empirical conclusion that solfege is, indegednatter of perception: people who
practise it seem to have it ingrained in their roalsfunctioning as a perceptual attribute
of music. This type of empirical evidence provides appropriate starting point for a
perception theory of solfége: all theories of pptwas are born the moment someone
gains conscious knowledge of perceiving realitg iparticular way. On the other hand,
empirical observation is not evidence enough, @&aam argue that the case of solfege
resembles that of optical illusions: it involvepiace of knowledge acquired in such an
early developmental stage that it is almost imfdmssio abort; instead, all reality is
subsequently modified accordingly to fit in the qomnstructed perceptual frame.
Following the example of optical illusions, theree andividuals that can experience
reality — in this case, musical reality — withoutokving solfege, and most of them are
very likely to argue that solfege is nothing molaart an alternative, dispensable
pedagogical approach, which can be of no use ®a@dyr accomplished musicians.
Where does the truth lie between these two empigparoaches, and how can we

discover it?

Speculation and theorising on the topic is mosljiknot going to bear any more fruit,
as we are tackling a matter of perception; peroegtas to be experienced, as conscious
knowledge cannot be simulated. Instead of theong, useful to observe the formation
of perceptual, behavioural and emotional attitud#gs musicians with no prior
knowledge of solfege, who have received systenaatt extensive training in it. Only
they can be in a position to contemplate the natfregheir new asset and its
consequences and applications realistically, ldigieand, to an extent, objectively. This
type of empirical research can establish a pringaoyinding that will ultimately lead to
a complete understanding of solfege functionalitthiw human cognition. In terms of
empirical research in relation to solfége, Martit@41) conducted an interesting
experiment in a sample of 65 first-grade studergsults showed that, after a year’s
instruction, the instruction method — solfege ks, letter names, or numbers — did
not have a significant effect on the students’ granance on simple dictation and sight-
singing tasks. This experiment, however, has na&nbeeplicated or followed up;
moreover, it is not clear whether the teaching partthe experiment revolved

exclusively around the experimental pentatonic nedteor if it was a self-sufficient
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music instruction programme according to the Kodakthod; more detail about the
procedure followed is necessary in order to evaldhbroughly the outcome of this
piece of research.

Before proceeding to experimental investigatiom, first step is to provide a theoretical
grounding for the perceptual relevance of solfeginv a hybrid musical/linguistic
referential system. In order to do this, the folilogvquestions need to be answered:

1. Which characteristics of solfége formulate its dgedusical and linguistic)

nature?

2. What makes solfege perceptually and functionallprapriate in a linguistic

referential system?

3. What makes solfege perceptually and functionallprapriate in a musical

referential system?

4. How can solfége be accommodated in contemporagriteof perception and

cognition?

1.2.2. Linguistic and musical traits of solféege

According to the definition provided in the intradion of the thesis, solfége is ‘the
practice of assigning the verbal labels ‘do’, ‘r&hi’, ‘fa’, ‘sol’, ‘la’ and ‘si/ti’ to
particular acoustic frequencies within a musicaiteat’. This definition makes it clear
that solfége is always used in relation to musiaraart form, or music as defined, very
broadly, in the New Grove Dictionary of Music (NetMusic.”, Grove Music Onling

it was conceived in order to cover a gap in mus@oty at the beginning of the 11
century and, in this sense, is no more and nodgxst of music than notation. Just like
music notation, solfege does not purport to bensitally tied to music as a natural
phenomenon; since, however, it has emerged fromest&th society to be adopted, at
least for a certain amount of time, by all membafrshis society in order to serve its
music, it can be argued that it is intrinsicallpkied to Western music as a social,

anthropological and cultural phenomenon.
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On the other hand, there are two main points wipichve that solfege is a part of
language: the presence of solfege syllables igeaikeral (i.e. not only music-specific)
dictionaries and their functional compliance withe trules set by both dominant
approaches to language, the Saussurean and thes&ysm According to the former,

solfege would be defined as a system of signssatlliby a specific community, in

which arbitrary linguistic labels are attached fmedfic objects or ideas (Saussure,
1983). According to Chomsky’s Generative and Tramsational Grammar (Chomsky,

1957, 1971) the notion that solfege would be péra semiotic system remains the
same; what changes is the processes through whelsytstem is acquired by the
speakers, as well as the potential classificatfotiege in a syntactic category. Formal
analysis of solfege according to either the semidtiecory or the generative and
transformational grammar is beyond the scope ofpitesent research, and, from a

musical standpoint, rather irrelevant.

1.2.3. Linguistic relevance of solfege

The fact that solfege syllables are part of the &iitanguage provides enough proof for
their linguistic appropriateness; there are, howeteo notable points about solfege’s
linguistic identity:

1. The issue of isomorphism.Isomorphism in language, i.e. the one-to-one
correspondence between words and specific objdd@A(dov, 1997), raises the
question of which came first: the perception of tigect as a separate entity or the
ability to define it as such through a word, whiblken leads to its conceptualisation as a
separate entity. Before they were assigned thdggonames, notes existed as physical
objects but were not categorised; discriminatiomsemmade on the basis of relative
similarities and differences. When Guido d’ Arezatroduced the innovations of staff
notation and solfége syllables he eliminated mudhe obscurity of neumatic notation
and formulated Western music as we know it; itleupible to assume that, for most
people, the concept of the note became concrete aftifege, which provided the
possibility of reference through the common lingjaisunctions of generalisation and
abstraction. In this respect, moveable do was aralafirst step towards the further
refinement of solfege syllables to denote spegifiches instead of scale degrees. From

this viewpoint, solfége is not only linguisticalacceptable and relevant, but, being a
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part of language, actually functions as an ‘esaémtnstitutive ingredient of human

reality’ (Barlett and Suber, 1987, p. 5) — in tbése, musical reality.

2. Universality of solféege.The fact that solfege syllables were specificaligated
to serve as linguistic labels to musical pitch @halt they are adaptable to fit every
language’s phonetic system render it a unique aredlexample of true universality; this
universality facilitates enormously the communicatbetween musicians of different
nationalities. Not everyone shares this view altbatuniversality of solfege syllables:
one of the oldest testimonies of distrust towardéege comes from a book review
published in the Musical Times in 1868; the authiues that correct pronunciation in
singing can be best achieved through systematutipeawith a language’s own words,
rather than using ‘the questionable method of whatalled “solfeggio” (Review of
Elementary Coursel868). This is refuted by papers which providielence on solfege
being used as a vocal exercise for articulationN&lagght, 1892; Sands, 1943-1944) as
well as from contemporary musical reality, in whiebcal teachers around the world
insist on the use of solfége. The perspective ginghe 1868 review might at first seem
naive in its conception, coming from an author whevidently slightly confused about
the functions of solfége and moreover displayingnsi of a somewhat irrelevant
empathy towards the innate musicality of the Eigleguage; in closer examination,
though, the argument in fact stems from a core eissancerning solfege: its
arbitrariness and its musical appropriateness.i§he of practical, or phonetic, musical
appropriateness will be addressed in the followsertion; first, the issue of

arbitrariness of solfege syllables will be tackled.

That solfege is arbitrary, as opposed to letter esaand numbers, is also argued in a
much more recent paper by Brown (2003), who propasealternative syllabic system
which he asserts is easier to learn. It is intargsthat in Brown’s paper solfege
syllables are constantly being referred to as bam@miliar and arbitrary, as opposed
to the ‘actual’ letter names of the notes; in thene perspective, Brown argues that
solfege requires a ‘two-step’ thinking processwbich step one is identifying the note
and step two is assigning the correct solfege labél (Brown, 2003). As Rappaport
(2004) argues in his response to Brown, any sy$beriabelling pitch can be perceived
as being the ‘actual’, ‘regular’, ‘original’, or fpnary’, as long as it is the one taught
first. In terms of referential systems, there ismnore arbitrariness in calling a musical

tone ‘do’ than calling it ‘C’ or ‘1’: all three fuction as symbols — in the Peircean sense
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— and are assigned arbitrarily to the notes. Onghtrargue that there is an implied
gradation occurring in the latter two cases, int thha can conceptualise an ordered
progression of letters, numbers and pitches asrabiog’ or descending’; the same
sense of gradation, however, is no less true fdrild that has been trained in solfége,
who also learns to perceive the progression ‘doweas ascending and ‘mi-re-do’ as
descending. In this sense, solfége syllables arenoce difficult to teach or learn than
letters or numbers; the only difference letters anthbers have compared to solfége is
that, normally, a child is familiar with these twgstemsn advance This, however, is
not necessarily an advantage: on the contraryfaittethat solfege syllables only carry
musical connotations renders them more intringidadid to music and therefore more

appropriate than any other, pre-existing system.

1.2.4. Musical relevance of solfege

The appropriateness of solfege syllables within asim referential system was
established in the previous section about isomsrphWestern music as we know it
today started being organised for compositional pedagogical purposes after, and
partly as a consequence of, the introduction degel On a more practical level, there
are two main points, closely interrelated, whichoyar solfége’s musical

appropriateness, both in regard to the phonetictitre of solfége syllables.

1. Solfege syllables are extremely comfortable to sicgmpared to both letter
names and numbers; this has been proven throughagit history, as solfége has been
used to improve the tone and enunciation of sing@esds, 1943-1944). A common
cadence in La, or A, minor/major provides a chamastic example: using letter names
one would have to sing the rather uncomfortableusece ‘A-E-A’, whereas the
equivalent solfége syllables are ‘la-mi-la’. An d@ngal survey that would investigate
the relationship between the use of solfege andymacation accuracy in singing in
various languages would be the optimal solutiororider to clarify the way solfege
syllables are adopted and being made functionasibgers in various countries; the
main arguments, though, opposing the belief thdféege is detrimental to the

intelligibility of singing are the following:
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"1 Solfege has been successfully used for centuries\viery large number of
countries around the world (Chapter 1.1): in alksih instances, the
pronunciation of solfége syllables has been asatedl to each language’s
own phonetic system. For example, the syllable isgpronounced.gl] in
English, [Re] in French and [re] in Greek (phonétanscriptions according
to the International Phonetic Alphabet, InternagioRhonetic Association,
1999).

1 Many vocal tutors support solfege as being optifieal achieving clear
articulation: the oldest testimony for such an amgot comes from
Domenico Corri, an 8century Italian singer who prospered in Great
Britain as a conductor, singer and singing teaBands, 1943-1944).

2. The singability of solfege syllables and, subsetjyethe fact that they are
almost invariably used in combination with singingake them extremely useful in
various occasions when instant communication betweesicians is required. Such is
the example of a conductor who needs to verify Wizt is written on his score is the
same as the viola part: using letter names he woaN@ to ‘describe’ the passage by
saying ‘C quaver — staccato, quaver rest, C dajtedver tied to A semiquaver, tied to F
dotted crotchet — tenuto...” or sing the passagegus neutral syllable, stating the note
he is starting from and relying on his fellow muaics’ aural skills; things are made

remarkably simpler and faster when singing the ghissing solfege.

1.2.5. Solfege in the brain

What has been stated above is partly echoed in iBsopaper (see discussion of the
universality of solfege in section 1.2.3), who, imvestigating the development of
musical literacy in transient societies (Brown, 2Q0argues that, contrary to
instrumentalists — who make extensive use of kia&#is perception — singers learning
music by rote do not necessarily have an interedlisonceptual framework for pitch
relationships. What would help singers conceptaatisusic would be the use of a
singing system, such as solfége, or any otherm)attanber or other label in addition to

the traditional notation system (Brown, 2003, p..47
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Seen as such a system, solfege elements complytivéitbhonstraints for the formation
of perceptual categories put forward by Roth (1986fording to these rules, cultural
factors combine with innate attributes of objectsl aonstraints of our perceptual
system in order to produce meaningful categorissable by all members of the group
that operates them (Roth, 1986, p. 22). The inesteof solfege’s musicality has just
been argued in the sections above, whilst the ssetiperceptual constraints as meant
by Roth do not apply to solfege; the cultural factehich resulted in the production of
the meaningful perceptual category that solfegewias the lack of an appropriate

referential system for pitches in Western musia eg¢rtain period of time.

The concept of modularity as proposed by the pbpbsr and cognitive neuroscientist
Jerry Fodor (1983) has incited researchers to tigate the possibility of music
perception being completely distinct from other mitige functions. According to the
modularity theory, the brain can be physically atdicturally separated in independent
subsystems — modules — with unique processingagtoand functional features. Peretz
has tested this hypothesis in a series of neuiadimg studies (Peretz and Morais, 1989;
Bonnel et al, 2001; Heébert et al, 2003; Peretz ldpde, 2003; Peretz and Coltheart,
2003; Peretz et al, 2004; Lidji et al, 2007) to dade that there is strong evidence that
speech and music are processed by distinct nauvatrates. This body of research also
suggests that not only is processing separate @isicnand speech, but also separate for
different components of music, such as tonal strecttemporal structure and pitch
interval information. If this is the case and givimat solfége occupies an ambiguous
ground between being music and/or speech, it isaiody worth investigating the
neuroscience of solfége perception and processsogh research would provide
insights into both solfege cognition and, most imgatly, music perception and
cognition in general. Moreover, since modules assumed to be informationally
encapsulated so that there is no exchange of iafitom between them, solfége would
have to be primarily a function of either the laaga processing or the music
processing module. If the hypothesis that solfége ipart of music processing is
correct, it will provide an extremely strong pieafeevidence in favour of the existence
of a distinct, music-specific system, which utifise physically separable set of neurons
extending from the tonotopically organised cocliteapecified areas of the brain (see
Brandler and Rammsayer, 2003, for a review of s&idin the neuroanatomy of music

perception; also Marin and Perry, 1999).
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Although this type of research is yet to be conedocin direct relation to solfege,
subsidiary findings that could be used to suppuet éxistence of solfége as a unique
musical function, which employs separate processuigsystems, as well as evidence
for the contrary, can be found in some of the gsi@dixamining singing and/or cases of
congenital or acquired deficiencies affecting eitlEguage or music. Either in the
cases of aphasia without amusia, in which the pateannot recognise, recall or
produce language correctly, while the music facblg remained intact, or in the cases
of congenital amusia with no language impairmebhthas been shown that the
combination of words with melody does not improverfprmance in verbal tasks
(Hebert et al 2003; Peretz et al 2004). Althougéséhstudies are based on either single
reported cases or extremely limited samples, Petest (2004) argue that the study of
single abnormal cases can definitely lead to vaeheralisations on the normal
population, as brain damage results in deficitsctvifireak down an extremely complex
processing system, thus making it easier to ingatti Evidence from this body of
research points towards an autonomous processiwwgrofs and music regardless of the
seeming integration between the two in the caseimging, which has also been
proposed by other researchers in cognitive newrnsei and neuropsychology (Samson
& Zatorre, 1991; Perry 1993; Bonnel et al, 2001)sdlfege is a direct equivalent of
song, thus a purely linguistic element which isgyrcombined with melody in the last
stages of production, then it will be expected tespnt the same effects of selective

impairment when running a parallel linguistic task.

On the other hand, Peretz has also reported aafase'tone-deaf’ individual who,
despite his complete inability to reproduce muspithes, either separately or in a
sequence, even remotely accurately in other cantewds able to reproduce sequences
perfectly using solfége syllables (Peretz, 200he Person had no perceptual problems
in dealing with music and was classified as an las@itch possessor; his deficit was
limited to production. The result was that, whekeasto sing a familiar tune (‘Happy
Birthday’) using the lyrics or a neutral syllableis performance did not match the
original even in its melodic contour; when sunghwgolfége syllables, however,
performance was impeccable. So, although the mas w@lassed by his social
environment as ‘tone-deaf’, he was actually an kibsopitch possessor who,
presumably due to lack of training and/or bad redapitch skills, was subsequently

unable to function musically in a social contexowgver, as this individual case was
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not specifically investigated in respect to solfegéhe person happened to be one of
Peretz’s research collaborators — it is possild tine selective preservation of solfége
skills occurred because of individual charactersstiuch as the lack of musical training
and possession of absolute pitch, rather than duspécific properties of solfege. A
more detailed review of absolute pitch in relattonsolfege will be presented in a
separate section (Chapter 1.2.7) because of tlipi@mature of the skill and the rarity

of its occurrence, which, in some cases, makesrgksegions impossible.

The issue of the lateralisation of music is raigedill the above studies; as stated
before, there have been numerous suggestions pbesible areas in the brain where
music would be — primarily — processed and stofdé@. general conclusion from brain
research is that music perception is certainly las=alised than language perception
(Marin 1989, 1999); quite interesting in this redpare the findings of Perry (1993),

who studied pitch memory in experienced pianisis.at$éo concluded that there is the
possibility of a separate neural substrate forhpitdormation; moreover, he found that
melody processors in these specific circumstancese Waterilised in the right

hemisphere, rather than the predominantly languelgeed left.

Finally, several studies have shown differencesiirsic processing between musicians
and non-musicians (Bever and Chiarello, 1974; Bem@énd Rammsayer, 2003;
Fujioka et al, 2005). Earlier studies assumed tthiatdifference reflected a particularity
in the inner quality of music; later studies showdt the differentiation is a result of
brain organisation as formed by early trainingrdapect to solféege, one might add that
the fact alone that musicians learn to refer tostmaller units of music in a particular
way can possibly result in a different coding, whigvill naturally generate a

differentiated set of responses and a differentmmapin the brain.

1.2.6. Solfege as singing

At this point, a clarification should be given redjag the link between solfege and
singing and the extent of similarities and diffexes between the two. One could argue
that solféege is not singing, since it most certaifdlls into the category of non-

propositional, non-generative speech, whereas rgjngiith lyrics employs generative
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language, albeit poetic. On the other hand, singsgery often classed as non-
propositional language in experimental contextstloa grounds that the lyrics of
familiar songs are extremely well rehearsed ands tproduced automatically; a
characteristic example is th#a capo reproduction of a song in order to recall a
particular verse or word in it, which reveals théstence of an ‘echoic’ rather than a

‘pragmatic’ memory trace.

What is the connection between solfege and singimgn? First of all, there is the
obvious similarity, which is also the main reasdrconfusion between the two: they
both use the vocal tract as means of productiontfayboth result in a musical output.
The difference lies in the cognitive processeslteguin this output: singing is based
on a well-learned set of linguistic rules which &arimarily other functions and whose
product, the lyrics, is combined with music for eegsive reasons; solfége syllables, on
the other hand, have been learnt in order to senv&c learning and are primarily used
in combination with it — the referential advantagdsusing solfége, mentioned in
section 1.2.4, are only a by-product of this pyatifunction. In this respect, solfége
syllables bear more resemblance to the words ugetlimbers: the words ‘one’, ‘two’,
‘three’ are undoubtedly a part of language, thesp dlave referential and abstractive
capacities, but our perception of them is alwaysliated by their mathematical values;

the words are the vehicles which help us conceigtu#tie inherently non-verbal.

1.2.7. Directions from absolute pitch research

Absolute pitch (hereon AP) research provides exttgnuseful insights into the
relationship of category labels and musical sownrdthe other hand, it is not certain
that these insights are not only relevant to tf@%. of the general population that
happens to possess AP (Takeuchi and Hulse, 1993¢,W&99). Because of this
controversial aspect of AP, relevant research figsliwill be presented in this separate
section and the implications these findings cowdgiehon solfége research and theory

will be briefly discussed.

Researchers argue that the association betweetogusiimulus and ‘category labels’

is necessary for the emergence of AP (Levitin aatbiZe, 2003; Levitin and Rogers,
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2005, for a review); it is characteristic that irder to illustrate this association they
often use the parallel between colour categoriéspiich categories (see section 1.2.1).
In addition, cognitive psychologists report thaturs regions recruited in pitch
recognition by AP possessors are the same as ghtmoral associative learning, which
is general for verbal labelling of sensory percegatorre et al, 1998, in Levitin and
Zatorre, 2003, p. 106); a possible verbal encodingther cognitive strategy, arising
from the importance of labelling pitches, is alsgueed in Chin (2003). This leads to the
assumption that in the case of AP specific neueaivarks are tuned to pitch labelling;
this is in line with research findings on the madity of music perception presented
above, as well as with the notion that solfegen seea category label for musical pitch,
Is music-specific both functionally and anatomigall

The importance of category labels is reflected avitin’'s two-component model for
AP, which includes a pitch memory and pitch lalbgjlelement (Levitin, 1994; Levitin
and Rogers, 2005); this is in accordance with meseattributing the superiority of AP
possessors to the verbal rather than pitch mem®akeuchi and Hulse, 1993).
Takeuchi and Hulse (1993), in reviewing literatwre different measurements of AP
acuity, report one measure to be the level of deeayemory for pitch. They report
that, in music recall tasks, AP possessors’ perdoice does not deteriorate after 1
minute, whereas at the same time non AP performdeteriorates to chance; this is
interpreted as evidence that non AP possessorsodel/ based on echoic memory,
whereas AP possessors have verbal memory readdjable (Takeuchi and Hulse,
1993). The assumption about the utility of verladddls in AP is demonstrated further in
experiments where pitch names cannot be used er tydliscriminate between pitches,
as happens in cases above certain frequencies§006rHerz) or in frequencies falling
between tones; in such cases AP and non AP possessdorm the same (Takeuchi
and Hulse, 1993; Ward, 1999). It would be worthehib test whether this kind of
memory for pitch labels displays the same charisties as memory for speech and
phonological elements; this would clarify the asptions regarding the extent of

verbality of AP memory.

If AP is mainly reliant on verbal coding structurésen naturally the pitch labelling
networks involved will be expected to comply witlhet same rules as other

neurodevelopmental events (Levitin and Zatorre,3200his raises the issue of the
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importance of early training in the acquisition AP; researchers who advocate a
primary role for training during a critical periqdee Levitin and Zatorre, 2003 for a
review) stress the importance not only of thmeing in which musical training takes
place, but also of thiype of training. Researchers argue that musical tnginin so far
as it emphasizes pitch relations, reinforces redagiitch and can prove detrimental to
the acquisition of absolute pitch (Takeuchi andddul1993; Ward, 1999; Levitin and
Zatorre, 2003). Unfortunately, data from reseamdating solfege to the acquisition of
either relative or absolute pitch are quite incstesit and mostly based on theoretical
accounts, observation and anecdotal evidence tmaexperimental findings; there
seems to be a general agreement on the fact tifegesdn most cases improves relative
pitch (Smith, 1934; Bullis, 1936), but there iscalvidence on solfége facilitating the
acquisition of AP, with the most prominent exampéeng that of the Yamaha method
for music teaching, which explicitly uses fixed dolfege in order to cultivate AP
(Miranda, 2000). This provides supplementary ewigethat music training aiming to
the acquisition of AP has to be specifically appiate; emphasis on category labels,
such as solféege, is the first step towards thid, dna the establishment of pitch names
has to precede understanding of pitch relationss &halso in tune with the natural
developmental sequence of sensory perception iarge(lrakeuchi and Hulse, 1993):
children first learn how to perceive things abseljtand only later, with the
introduction of abstractive thinking, are they atweform relations between perceptual

events.

1.2.8. Summary

This section presented solfege as an element odhyrarception of music starting with
anecdotal empirical observations on the percemifomusic with and without solféege,
followed by a theoretical account of solfege’s p@taal traits. In the empirical domain,
valuable insights are gained through parallels withiour perception; theoretical
analysis of solfége consists of an account of #otofs which formulate the double —
linguistic and musical — nature of solfege andifusts referential appropriateness

within the two systems.
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Evidence from cognitive neuroscience and AP resea@s presented supporting the
existence of separate substrates involved in theepgon and processing of music and
language and the importance of verbal coding ferdategorical perception of music;
further research, monitoring the interaction betwdieguistic, musical and solfege
tasks, is necessary in order to identify solfegbedsnging to either of the two systems.
In conclusion, the notion that solfége is a matfgoerception, thus forming the basis of
an overall different approach to music, seems utedfle; the perceptual relevance of
solfege provides a plausible explanation for itsd@nce, for many centuries, in music
education curricula internationally (section 1Ii)is exactly the dual nature of solfége
that renders it optimal for a thorough understagaih fundamental musical structures
through a familiar —linguistic — medium; for allettebove reasons, solfege deserves
more attention both from the part of music edusatord students and from the part of
researchers, who can help by illuminating the fiomst of solfége within the framework
of human cognition. This, of course, does not éthait solfége can be beneficial when
practised in isolation; like all other elementsnmusic learning, it can function most
effectively and yield excellent results only whesmbined with a general approach to

music which is time, place, material and subjegirapriate.
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1.3. Solfege, memory and memorisation

It is important to settle from the beginning thé&eatence between music (or musical)
memory and music (or musical) memorisation andnéethe relationships between
them. The most important feature of music memaasatwhich differentiates it from

the general notion of musical memory, is that i ideliberate action, taken usually by
trained individuals towards a specific goal. Mukiogemory, on the other hand, is
memory for music, which, in the relevant field of researcledominantly refers to

melody recognition; researchers have not yet comert agreement whether this
involves a different process for musicians and mwsicians and whether it is
controlled by music-specific memory stores or ndhdoubtedly, there are issues
common to both music memorisation and music memgegeral and musical memory
capacity, storage and processing functions najyurailect the processes of music
memorisation, the techniques musicians use whenamg&mg music, the order and
manner in which they employ these techniques, &edtime they take in order to

complete a memorisation task.

In the case of solféege, which functions as a vembgbression of musical data,
relationships between verbal and musical memoryaniolal and musical memorisation
are even more intertwined and complex; an empiroatstigation of these issues will
be presented later on, in Chapters 3 and 4. Whatdae clarified, first of all, is the
proposed relationship of solfége with human memaiffer the connection between
solfege and music memory has been establishedardgléterature will be reviewed.

The assumption posited in the present thesis isshiféege has a double function,
owing to its combined verbal and non-verbal nature The first function is active

during the memorisation process, and the secordifuminvolves retrieval processes.

First function - Memorisation process: The firstfunction bears a direct relationship
with the perception of the musical stimulus (seatisa 1.2 for a discussion of solfege
in relation to perception)Vhilst in the act of memorising, musicians havemncode the

material in one or more ways and store it so thet €asy to retrieve on demand. This
study proposes that solfege provides a more ‘s@rdund for a memory trace, as

knowledge of solfege requires the existence in {@ngn memory of a separatm®n-
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sensory symbolic trace for each single note. If this is the calse,@ncoding process is
executed on different terms than when there is stabéished solfége knowledge as
there is an additional, extremely stable and wadllelarsed point of reference. This can
be better illustrated by using, once more, an exarfipm the visual domain, drawing
an analogy between a musician trying to memorisesnim a short phrase and a painter
trying to memorise the order of colours in a pietaf a rainbow. The equivalent of
trying to remember the musical phrase without g@fevould be the painter not having
the names of the colours readily available in esfhind; in this case s/he would try to
remember their order by preserving the sensoryaVigace as well as combining it
with previously acquired information about the phgf light, the wavelength of each
colour in the spectrum and so on. Being able togassames to the colours does not
necessarily make the memorising task easier oopeénce in it more accurate; it does,
however, provide an unguestionably strong aid. Tbmbination of sensory input,
world knowledge and a symbolic-linguistic connegtito the image provide a more
solid trace for the rainbow; the same is proposedbda taking place in the case of

solfege.

Second function - Retrieval processltf a process similar to the one described above
takes place in the case of solfege and music meatam, retrieval mechanisms for
music are subsequently modified as well; this aasioh is based on research showing
that memory trace formation depends on perceptuategsing having taken place
previously, as well as on the spread, depth andatitp@f encoding (Craik & Lockhart,
1972; Craik and Tulving 1975; Eysenck, 1977). Idiadn, since the depth of encoding
is also crucial, it is plausible to assume thafegm provides not only an additional —
verbal — manner of encoding, but also an encodhgng on deeper structures: as pitch
is imbued with endogenous semantic meaning, thgosgmnput is being ‘promoted’ to

the category of a signified.

In spite of the clear-cut division between memong anemorisation, however, it is
research on the former that provides the necedisétsybetween cognition and memory
processes, which, in turn, feed into memorisatechniques. Thus, implicit evidence
that solfege actually functions in the twofold wayoposed above can be found
throughout the whole body of literature on memdmyaries; this seemingly incoherent

lot of information will be presented in two sectprregarding general memory and
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working memory theories respectively; the last isacwill review research on music

memorisation.

1.3.1. Memory theories and approaches

A very common debate in memory research is wheth@mory is a structure or a
process (Hirst and Pinner, 1996, p. 244). Eysengltes that this is primarily a question
about the nature of information processing: thecessing is mediated kstructures
which are modality specific and provide a tempaoralering to the flow of information;
these structures have as their input both procestadgsg with perception, like coding,
as well as processes involved in the formationttegies of recall (Eysenck, 1977).
Numerous models have been proposed regarding thgbpe structural elements of
human memory: long and short-term memory (hereoM lahd STM, respectively),
working memory, episodic and semantic memory, aadyyimore; what is important is
that the dominant contemporary models are all abooation of multistore or modal
models (Murdock 1967), based on the concept ofewdfft stores bearing different
retention characteristics, and the notiodesels of processingirst proposed by Craik
and Lockhart (1972). Levels of processing, althongh a theory per se, provided a
conceptual framework for memory research therebms based on the idea that the
memory trace is a by-product of perceptual analyBimis, the different stores in the
modal models reflect different levels of processofgthe stimulus; the associations
each stimulus generates determine the spread apth d& its encoding and,
subsequently, its potential for retrievability (&raand Lockhart, 1972; Craik and
Tulving, 1975). In this perspective and bearingnimd the evidence presented in the
previous chapter about solfege being primarily &enaf perception, it can be assumed
that solfége offers the opportunity to process &othein an additional way, adding to
the spread of encoding; moreover, the new encodingnique in that it is the only
chance to link the physical aspect of the melodpiteh — with a specifically pre-

determined verbal label.

This advantage solfége can offer is also suppdatetthe notion oencoding flexibility
which refers to the ability to encode a particisimulus in several different ways
(Craik and Lockhart, 1972; Eysenck, 1977); encodilexibility ensures that the
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additional encoded structure generated by solfajdeuseable and moreover helpful
in order to recall a melody. The same point isiedrfurther by Baddeley (1999) who
argues that memory performance improves when thefamemorisation is combined
with an activity: based on the ability for multipbemcoding, this provides an additional
argument in favour of the use of hand signs duthmey process of learning solfége

syllables.

On the other hand, thencoding specificity(Tulving and Thompson, 1973) and
remembering operation@olers, 1973) principles support the argument grecoding
and retrieval processes may be similar or eventicin this means that encoding
processes are carried out primarily to serve péaeCraik and Lockhart, 1972), and
that ‘retrieval processes represent the cognitjygtesn’s attempt to reinstate the same
pattern of cognitive activity again at the time retollection.” (Craik, 1983, cited in
Craik et al, 1998, p.61). Further support for tb@mes from the field of cognitive
neuroscience where the same neural networks amitezt for both the initial
perception of information and for its retrieval (Bg et al 1985; Mishkin and
Appenzeller, 1987; Moschovich et al, 1995). Accoglito the above, if solfege is
involved in the perception and encoding of mudient successful recall will need to
involve recall of solfege syllables; the advantagpdfege syllables bear over letter
names as well as over kinaesthetic or structufatnmation has already been discussed

extensively in the present and in the previous@ect

At this point, it is important to refer at leasidily to alternative models of interaction
between verbal labels and retrieval, such agdgpeesentational shift accoufitupyan,
2008b). Lupyan shows strong evidence that catetpdrgls may not affect the initial
encoding of an object, but rather distort its sorepresentation, with subsequent
effects on recall performance patterns. Although th a very important finding, with
numerous practical implications on memorisation aeadall theories, its impact on
solfege perception theory is minimal, mostly du¢h® fact that such a theory is still in
an embryonic stage. Theoretically, it is plaustiol@ssign solfége syllables to either the
group of specified object names — which is the nfanction of fixed do as opposed to
moveable do syllables, as argued previously — tineagroup of generic category labels
— as happens in the case of both moveable do/dwirafixed do, if the fact that fixed

do syllables still encompass a considerable amaoiuwveriations in octave range, timbre,
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and so on, is taken into account. Experimental stigation to determine the exact
nature and functions of solfége as a cognitive raeidm is necessary in order to
enhance further a solfege perception theory andigeoa detailed account of its links

with music, pitch and language perception.

Moving back to general memory theories, anotherrmaomdistinction is made between
episodic and semantic memory, which reflects thHéemince between memory for
events and memory for the products of organisedavlaaige and encoding processes; in
the first instance the stimulus can be raw sensgpyt, whereas semantic memory
involves the retention of cognitive referents, dlyuaediated verbally (Tulving, 1972;
Eysenck, 1977). Once more, solfege can potentfe@lye an immediate effect on the
formation of a memory trace for a particular piemle music: without the verbal
encoding solfege provides, the music itself cary drd part of episodic memory, and
any semantic memory referents can only regard -emtrsical or meta-musical
elements, such as the structure of the pieceaitsmdnic analysis, or any interpretive or
ad hoc semantic attributes. By using solfege, titistance of the music itself acquires a
semantic referent which can be recalled indepehdeoit any other peripheral

information.

A determining factor in the quality of retention tise amount and type of rehearsal
taking place between perception and recall, eslhedrathe period before the datum
goes to long-term memory storage. As expectedntiete varies directly with the
amount of rehearsal and repetition (Craik and Watki973); rehearsal modes can be
further divided into categories: simple maintenaredaborative rehearsal and repetition
(Craik and Lockhart 1972; Craik and Watkins, 19¥$senck, 1977; Segalowitz et al,
2001). In the act of music memorisation, solféege pky a double role: it gives the
opportunity for additional rehearsal, which canamtonomous from the instrument or
the lyrics, therefore free from any kinaestheticotier connotations; furthermore, if
solfege is practised regularly enough, the possilarises that certain common motifs,
such as arpeggios, scales or piece-specific mo#ii, be crystallised acquiring a
separate quality as a group, thus providing theemg@l for instant recall. The
importance of the latter function lies, once marethe fact that the encoding of the
motifs will be encoding of their pitch informatiaather than of any other attribute;

however, as this applies predominantly to tonalimwd only in cases when solfége is
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in the core of one’s music education from a vemyyestage, emphasis on this particular

advantage could result in false generalisations.

Finally, memory for music is often discussed in mection to the ‘skilled memory
theory’ (Chase and Ericsson, 1982). According te theory, memory skill is complex
and acquired through extensive practice; apprapnmactice is assumed to lead to
faster storage in LTM rather than extend STM cdpa(gee Aiello and Williamon,
2002, for a review of skilled memory connected xmeptional memory for music).
Moreover, Krampe and Ericsson (1995) claim excegilionusical memory to be, along
with absolute pitch, one of the defining factorsnmfisical talent; possible connections
between absolute pitch and musical memory have 8isenssed previously, in section
1.2.7. One aspect common to individuals display@rgeptional memory is the use of
verbal coding regardless of the nature of the dtisito be memorised; verbal, syllabic
and phonemic sequences and matrices are constagfett of a mnemonic strategy, in
order to group information in a format which is gwenably more convenient for recall
(Ericsson, 1985). Mnemonics were originally regdrdet only as a useful skill but also
as a way of understanding the world (Hutton, 198@)the same manner, solfege
syllables constitute an easily learned phonetieastich can be used, as is its primary
function, to perceive music altogether. The prapsrof good mnemonics are: ‘ease of
acquisition, continued usage, fit of mnemonic &kidlexibility and ease in combining
mnemonics, and effectiveness of mnemonics in primgotong-term retention.’
(Wilding and Valentine, 1996, p. 400). The issuesate of acquisition in the case of
solfege can be addressed in two separate instaaogsisition at an early age and later
acquisition; although there is abundant literalnguing that solfége is most convenient
and effective a way for a child to learn music (seetion 1.1), no research has been yet
conducted on adults learning solféege. The age veodfiage is learned is also directly
related to the issue of continued usage; the fisalifege to music has been argued
extensively on chapter 1.2 and the effectivenessotitge into promoting long-term
retention is yet to be proven, although there iierg} theoretical evidence to support
this. The fact that there is anecdotal evidencenasicians using solfege as a mnemonic
code makes it plausible that it could be also ®g@ms a mnemonic strategy; however,
stressing solfege’s properties as a mnemonic giratees not do justice to what it can
really offer to the learning musician. The factttitais formed optimally in order to

serve its primary purpose should be best regarde@d aneans to an end and an
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additional advantage rather than its primary fuorctand aim; solfege is a complete

system of learning, perceiving, understanding,odpcing and generating music.

1.3.2. The Working Memory Model

The working memory model, first proposed by Badgedad Hitch (1974), has been
one of the most influential and widely accepted eledor explaining interactions
between various memory stores, perceptual procesgbattention. It is based on the
notion that the short-term store is not simply mgerary store with limited capacity,
but is itself constituted by separate subsystenth Wwbth processing and storage
functions, essential to activities such as comprsioe and reasoning in language, and
sight-reading in music (Aiello and Williamon, 2002}his short-term processing and
storage system is not independent from long-teronest in order to overcome the
restrictions posed by the relatively small capaoitghort-term stores, individuals have
to resort to using previously learned rules andtsgies, stored in LTM, in order to
chunk and categorise information (Ericsson, 198%;s&on and Kintsch, 1995; Berz,
1995). The constituents of working memory wereiallif proposed to be three: a
central executive component with two slave systetims, phonological loop and the
visuo-spatial sketchpad. The phonological loopesponsible for the manipulation of
speech and other acoustic information and comprisgsonological store and an
articulatory loop, responsible for controlling solal rehearsal; the visuo-spatial
sketchpad deals mainly with visual data. The geénguspervision, manipulation and
regulation of the flow of information between theot slave systems and towards the
long-term memory store are performed by the cengsadcutive system. In 2000,
Baddeley revised this model to include a fourthreet: the episodic buffer (Baddeley,
2000; Repovs and Baddeley, 2006); this buffer fionst along the phonological loop
and the visuo-spatial sketchpad as a multimodak dtr combined information from
the other subsystems and from LTM. Since its enmargethe working memory model
has been dominant in the field of human memory aebe numerous extensions,
clarifications and amendments have been proposdd basis in order to accommodate
phenomena which, although justified by the preseotevorking memory, would
require the existence of more complex interrelaibetween coding, rehearsal, retrieval

processes, attention and long-term stores in dalée fully explained. Arguably the
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most common criticism of the working memory modelshbeen its inadequacy in
explaining the handling of acoustic information @tithan speech, as well as other
sensory information, such as smell and taste; tmbmatory nature of the recently
added episodic buffer is not always successfukpiagning certain specialised cases of

memory feats and pathologies.

How and to what extent, then, does the working nrgmaodel apply to music? Berz
(1995) provides a review on literature showing tmatsicians draw on LTM strategies
developed through training for recall; the recathqess, Berz assumes, must involve a
specified musical processing component, connecteédet memory task. Subsequently,
Berz reviews research investigating working memomnusic, trying to define whether
working memory for music has the same charactesisis working memory for other
acoustic information. Research findings show tléthough there are phenomena in
short-term memory for music which display simil@@acacteristics to verbal STM, such
as articulatory suppression, other common grounasiditory STM, such as modality,
primacy and recency effects, have been found tierdifetween music and language
(Berz, 1995). The phonological loop in the workimgmory model is, by definition,
restricted to verbal coding of acoustic informatismce it cannot account sufficiently
for music storage and processing, Berz puts forvlaedproposition to incorporate an
additional slave system to the central executipectic to music. The existence of a
separate neural substrate for pitch informationctvlsupports working memory is also
supported by Perry (1993) in a test with experidn@anists. An important indicator of
the existence of such a specialised subcompongheignattended music effect (for a
review see Berz, 1995). Unfortunately, there is lib@rature on unattended music
running a parallel music task (Berz, 1995); on titker hand, research findings
regarding performance on reading comprehensiomaVer phonological tasks while
listening to background music are contradictoryrfgrenance is not influenced or is
improved with instrumental music, whereas it is amed with music with lyrics
(Henderson et al, 1945; Martin et al 1988; Salant Baddeley, 1989). This indicates
that music combined with lyrics is making use a¢ #ame processing system as verbal
tasks (Berz, 1995); the nature and extent of ttexferences, however, render the three-
component working memory model inadequate for tkglamation of these effects.
Even with the incorporation of the episodic bufferthe system, music processing

seems to place extremely specific demands in staaiag retrieval to be accommodated
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by a general, multimodal, multifunctional and liedt capacity store; Salame and
Baddeley (1989) have also acknowledged the posggitmf an additional form of
acoustic storage capable of dealing with non-spestichuli (Salame and Baddeley,
1989, cited in Berz, 1995, p.361). In the caseotfege, the extent to which it is similar
to music with lyrics remains to be shown, as safégymusic-specific so it lacks the
exogenous semantic connotations which would imparformance in linguistic tasks;
experimental testing on solfége task performandb umattended normal and nonsense

speech is necessary in order to shed light on tinésections.

Berz leaves the question regarding the nature efélationship between the proposed
music-specific subcomponent and the phonologiaagp lopen-ended; he states that the
music subsystem could either be a specialised imaif the phonological loop or an
entirely different entity. In any case, he arguest tthe ties between the two systems
ought to be extremely loose, given the differenoetsveen verbal and musical stimuli
and the research findings showing differences engtocessing, retrieval and decay of
these stimuli. Berz also assumes that the natutbeoimusical component should be
very similar to that of the phonological loop, allisplaying a musical store, parallel to
the phonological store, and a set of control preegdased on inner — musical — speech
(Berz, 1995).

The proposition put forward in this thesis is thia¢re is, indeed, a distinct, music-
specific system, which, however, is definitely mopart of the phonological loop; it is
separate, and, just like the phonological loop, fissmulation is dependent on
developmental and evolutionary processes, enviratehatimulation and appropriate
training. The existence of the phonological loopndisputable and presumably a result
of the continuous presence and predominance ofutayey as a perception, coding,
understanding and communication medium, both ireldgmental terms and in respect
to human evolution history. Music also seems toirifeerent to humans, appearing
invariably in all civilisations and also apparentavery human as potential (Merriam,
1964; Blacking, 1976; Gardner, 1983; Trehub, 200Bthen, 2005; Edwards and
Hodges, 2007); unlike language, however, it has hacherous primary functions,
expressive as well as performative, whose boursldrée not always been defined
with precision. The unambiguous effects of musiterierence with other cognitive
tasks, mentioned above, are apparent due to itshcoas presence in human history;

the functions, however, taking place in the cadesamned musicians are much more

40



Chapter 1 Solfege in context

specific and differ depending on the individual adthe training. In this sense, the
same can be true for all other perceptual modsjitree can assume that, depending
mainly on extensive practise, one could developeaceptional olfactory working
memory, or a specialised memory for taste. Thisl lahexpanded modal organisation
of working memory, which includes specialised urfids modalities other the ones
designated in working memory models proposed bydBey et al (Baddeley and
Hitch,1974; Baddeley, 2000; Repovs and Baddele¥)6p0is supported by recent
psychological studies (Andrade and Donaldson, 2QIbhnson and Miles, 2009).
Andrade and Donaldson (2007) use short-term mertashs to test odour memory in
relation to odour recognition and digit recall, $apport the possible existence in
working memory of a subcomponent dedicated to thenipulation of olfactory
information. Johnson and Miles (2009) examined caratively order memory for
odours, unfamiliar faces and pure tones; they fahadl participants were able to make
absolute memory judgements for odours and that rooh@mory was the only one not
affected by serial positioning, which also pointhe conclusion that working memory
is a modally organised system, with specialisedpmments for certain modalities, one

of which could possibly be olfaction.

Working memory can be thus viewed as a looselynéefiset of functions, which are
controlled by a central executive; the potential development of a language, spatio-
temporal, visuo-spatial, or music-specific subsysis inherent as a kind of memory
‘competence’ in the Chomskyan sense: the possibitit such functions is present in
everyone and the realisation depends largely onvichal and environmental

differences. If this is the case, a music-spesifibsystem would be formed according to
available perceptual and coding resources; itgioeldo the phonological loop would

not be one of attachment but rather of sharing feocommon pool of processes, as

shown in Figure 1.1:

41



Chapter 1 Solfege in context

Common

processes’

pool

Figure 1.1: The purple overlapping area demonstrates the degrnirocesses shared by verbal

and musical functions.

The above are partly echoed in the definition ofkiig memory capacity as a system
of temporarily activated long-term stores combimweth controlled attention (Engle,
2001); this proposition is based on the same peroépvorking memory being a
flexible system, depending on or sharing resouvadéis other cognitive structures. A
similar point is made by Ericsson and Kintsch (199810 argue about the existence of
a ‘long-term working memory’, formulated by the I&a use of long-term memory
storage (Ericsson and Kintsch, 1995, p. 211). Mmsv, combined with the skilled
memory theory (Ericsson, 1985) implies the possybifor the development of a
domain-specific set of rapid retrieval skills, wigvould correspond to the working
memory for this specific domain. In the case of imus solfége is included in early
training, we can assume that it promotes the usa skt of coding and retrieval
processes common to the phonological loop for \artfarmation; rapid retrieval can
be made possible through the use of all availabb®@ng resources, through the close
tailoring of the manipulation of these resourcesdove music-related activities, as well
as through use of familiar structures common toviédal and musical phonological
loop, as suggested above.

Although there is no direct evidence that workingmory for music functions as a
distinct subcomponent which can share resourcds ettier subcomponents, namely
the phonological loop, there is plenty of reseasnhverbal aspects of human memory,
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whose findings can be used to make some inferestogt musical working memory.
Neuroimaging research on the phonological loop #mal visuo-spatial sketchpad
confirms that these subcomponents of working menaogyrelatively independent; this
makes it plausible that the same should be trueitabiiver modalities of perception.
The fact that verbal material, and subsequentlypalememory, are predominant in
research, can be attributed to the importance obalecoding as well as to the
convenience verbal material presents in its maatmr in experimental contexts
(Baddeley, 1999, p. 7); at the same time, thimist@ument favouring the importance
of verbal coding of music through solfege syllabtes the one hand, while it also
reveals the potential for future research: the alenature of solfege renders it suitable
for investigation using the same, accredited metlasithe ones used in verbal memory
research. The importance of verbal codes in mgsalso mentioned by Berz (1995),
who argues that, if verbal labels are readily add, they create a relative advantage in

performance in certain tasks, such as music dictati

1.3.3. Music memorisation

The links between music memorisation, working mgmamd solfege may still seem
obscure at this point; in order to clarify theséatienships, the relation between
working memory and music memorisation will first bgplained and then different

categories and techniques of music memorisatiorbeipresented.

Working memory is affecting music memorisation batinectly, as it is actively
involved in the memorisation process, and indige¢tirough sight-reading. Sight-
reading is one of the most prominent musical aotiwito be affected by working
memory capacity and processes (Aiello and Williap2002), as it requires rapid on-
line processing of musical material. The importaotsight-reading in memorisation is
supported by Chaffin et al (2003) who argue thatitiitial ‘artistic image’ of the piece,
formulated during sight-reading, serves as a stamioint for the shaping of the final
performance of the piece and effectively leadh&odesirable memorised performance.
This view is also empirically supported by many musachers and conductors, who
advocate the need for an efficient first sight-regdf any given piece in order to be

able to construct a solid representation of the icnughich will be subsequently
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elaborated on. On the other hand, when music meatan is tested in experimental
conditions, a considerable load is directly placedworking memory as there is a
restricted timeframe during which subjects areethtb perform the memorisation task;
researchers have repeatedly associated the comsimnental and physical engagement
with the piece, involved in the performance of mesaiion tasks, with the activation
of short-term processes and stores (Williams, 1®&hmer, 2005). The importance of
these processes and the connection between jpéiaéption, encoding and short-term

storage has been explained previously (see sedti@rend 1.3).

The ability to memorise proficiently has long beegarded as an invaluable asset for
musicians and a skill well worth cultivating; evas early as 1915, Hughes recognises
the growing demand for, and purported superioritysoloists who perform music from
memory (Hughes 1915). Williamon (1999, 2002) hasestigated experimentally the
response of audiences towards memorised perforrmaand has shown that both
musicians and non-musicians value memorised pedioces more than performances
with the score, in terms of musical understandicgnmunicative ability, technical
proficiency and overall performance quality. Extdinary memory also seems to be a
key feature both in cases of musical prodigy, whierean compensate for lack of
practice time (Ruthsatz and Detterman 2003), anchuisical savants (Heaton, 2003;
Sloboda, 2005).

One of the main focus points for research has lkernidentification of the distinct

modes and technigues musicians use in order to msgnmusic; various studies have
examined the processes and mechanisms involvedeinmemorisation of music by
instrumentalists and vocalists (Chaffin and Imre®97; Ginsborg, 2002), and possible
methods of refining memorisation skills (Hughes 13,9 Matthay, 1926; Ginsborg,

2002; Ginsborg and Sloboda, 2007). In the largest @f this body of research, four
basic types of music memory are identified as awialal, kinaesthetic and conceptual
memory, which reflect the four basic strategies feemorising music: memorisation
based on ‘how the music sounds’ (pitch, timbral ahgithmic information, pitch

contour); memorisation based on the visual imagthefprinted music; memorisation
based on bodily activity when performing the pieegd memorisation based on
knowledge of the music’s structural characteristdene of the above, however, can

account for the kind of memorisation taking plackew using solfége. Solfege can
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function as the basis of a fifth type of musicalmaey, which is quasi-verbal, as
opposed to the verbalised nature of conceptual mewaad is based on pitch names:
pitch label memory. The notion of pitch label musical memory is netwy although it
has not been identified as a separate functionspeHughes (1915) identifies three
types of musical memory in pianists: auditory, aisand ‘finger’ memory, but in
addition refers to the ability to ‘say the notes’donnection to either of the first two
memory types; the ability to ‘say the notes’ isoalgeported by Sloboda (1985) as
providing a possible advantage in performing mesadion and aural training tasks. On
the other hand, the practice of singing the musibe memorised can also be regarded
as part of ‘physical’, i.e. kinaesthetic practiden{ and Lippman, 1991); however,
while the proposed pitch label memory can use thadsthetic mode for its output, it is

also completely functional without extrovert exg@ies or rehearsal.

Apart from the distinction between different tym#snusical memory, two other crucial
functions in the memorisation process are the iceatf appropriate performance cues
and retrieval practice. Chaffin and Imreh (19979nitify three types of performance
cues: basic, interpretive and expressive; therlatte regard issues of tempo, phrasing,
dynamics and mood, while ‘basic’ cues concern malogective’ characteristics of the
music, such as conceptual chunks, fingering anémgémechnical difficulties. Solfege
helps in the formation of a new set of ‘basic’ quessed on the retrieval of the verbal
trace of certain pitch sequences. On the other,lratrieval practice has been shown to
be a priority for proficient musicians, even in yezarly stages of the memorisation
process (Chaffin 2007); efficient retrieval is alsavily dependant on the formation of
appropriate cues. This presumably means that ttenpal solfege provides for rapid
and relatively effortless formation of cues is atr@mely important aid for quick and

efficient memorisation.

Most of the above findings refer mainly to the meisetion of tonal music; research on
memorisation of atonal pieces is more scarce andllysrefers to short atonal
sequences. Imberty (1993) discusses and reviegratlire on the perception of atonal
music, referring to properties of atonal music whican lead to better cueing,
recognition and recall. Given his focus on propgspossible ways to conceptualise
atonal music meaningfully and effectively, all mrarc features in Imberty’s

discussion fall into the category of ‘conceptual’emory; he concludes that
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conceptualisation in atonal music is much more dempn issue than in tonal music.
This is assumed to entail the need for all theookeatonal music to allow for much

‘psychological elaboration’ from the part of thesténer in order to formulate a
perceptual image of the piece. If this is the c#sa)gh, then obviously the task of the
musicians memorising atonal music becomes infiiterder, as the tools they have
readily available in the case of tonal music carbetdapted to fit atonal patterns — or
non-patterns; in this light, Imberty’s proposalastually depriving the musician of the
solidity of the most potent memorising tool: conttegph memory. Since, thus, atonal
music is much more reliant on intervallic relatioiman chords (Imberty, 1993) and
given that solfége enhances understanding andirasirval perception and usage, it
is possible that solfege can prove an invalualidé &specially for the memorisation of

atonal music.

In sum, the potential benefits solfege can protiaeards more efficient and easy music
memorisation are the following:

1 Solfege generates an additional encoding, whidm@rtant both at the level of
perception (spread of encoding) and at the levehemorisation, as it creates
additional associations with the music to be mesaafi

1 The additional encoding generated by solfége is mgortant in the sense of
quality of encoding: it creates a verbal memorycdrdor the music itself, as
opposed to meta-musical characteristics; this hplabel’ memory generates a
distinct set of cues.

1 The use of solfege provides the opportunity forioithl practice, which has

been shown to be crucial to the memorisation ougc@nlliamon, 1999).
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2.0. Introduction

Having reviewed the relevant research on solfegecgption, memory and music
memorisation, certain omissions have become appaathough solfege fulfills key
criteria for potentially playing a major role in sia cognition, there is hardly any
reference to it in the literature. The purposehaf present study is to provide an initial
understanding of the complex phenomenon that iE@®| by addressing three key
areas:

1. The impact of perceiving music through solfege ablks, as expressed in the

performance of memorised music.
2. The impact of using solfege syllables in the perfance of memorised music.

3. The dual linguistic-musical nature of solféege dylks.

The first two areas, regarding the impact of safégllables on music perception and
memorisation, are going to be addressed in two ebloselated, observational
experiments: the first experiment will provide argmarative examination of the output
of music memorisation produced by musicians whowkremlfege (hereon solfege
musicians) and musicians who have never been tasmgjfége (hereon non-solfége
musicians). The second area is best explored bygitudinal, within-subjects design:
Experiment 2 is going to look at differences in thesic memorisation output by non-
solfege musicians, before and after they learregelf The nature of solfége syllables is
going to be investigated in a third experiment, pasing a set of shorter experiments
testing the extent of interference between sol8gjables, musical and verbal material.

The empirical approach adopted in each one of tireet experiments and the
specifications of their design were selected aftareful consideration of issues
regarding ecological validity of the research; althh a rigorous methodological
framework was desirable, maximum effort was madavimid the use of a reductionist
paradigm, which would be detached from real-lifesauand would compromise the
potential to generalise research findings. The gbdhe first two experiments was to
study the effects of solfége in a controlled enwinent: short musical pieces were
specifically created for the purposes of the paldsicresearch, participants had a strict
timeframe within which they should complete thektasnd they were also given
specific instructions regarding the performancetloé tasks. On the other hand,
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participants acted in the context of ‘natural pwefal activity’ (Neisser, 1976, p. 7), as
they were not asked to memorise isolated pitcheshort, nonsensical pitch sequences;
instead, set pieces for memorisation were 8 bag, leesembling ‘real’ music passages.
Moreover, musicians were observed and recordedhensét tasks in their natural
environment: the practice room, thus offering aurdistic framework for the
experiment (Bahrick, 1996).

The set of experiments comprising Experiment 3ttan other hand, were all typical
laboratory experiments, loosely following the pagad set by research investigating the
effect of unattended music on reading comprehensierbal and phonological tasks
(Henderson, Crews and Barlow, 1945; Martin, Wogadted Forlano 1988; Salame and
Baddeley, 1989). The selection of such a strictfireed design was necessary in this
case, as the object of investigation was not aelsmgle process, as was the
memorisation of a music excerpt in Experiments @ a@n but rather the interaction
between elemental units of musical and verbal mgmibris objective called for a
targeted, controlled procedure in order to test-fumed elements of memory and yield
results that could be generalised beyond the samplke structure of the experimental
procedure followed the model of working memory spasts and especially the
Automated operation span task, devised by Unswairéh (2005).

2.0.1. Aims and objectives

In order to examine the three areas of interestrde=] in the previous section, five

research aims and their corresponding researchiopesvere defined:

Aim 1: To examine the effects of solféege use on ausic memorisation task
performed by adult musicians.
Research question 1: Does the early learning and e1®f solfége note names affect

music memorisation performance in adulthood?

This question was tackled in Experiment 1, in a garative, cross-cultural study
looking at the performance of solfege musiciansralation to that of non-solfege

musicians. The two types of musicians came frorfediht countries: solfege musicians
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came from countries that incorporate solfége tewcisince the early stages of their
music education system, whereas non-solfége muasiadame from countries where
solfége is not found in the core of music studasgny level. This inevitably raised the
issue of cultural factors playing a role in the fpgnance of memorisation tasks
(Robertson, 1998, in Madsen and Madsen, 2002, ), 11 order to balance potential
differences resulting from a difference in approé@hmusic education other than the
use or not of solfege, several restrictions wemdieg in the choice of sample and in the
construction of musical stimuli:

e The sample in this experiment consisted exclusively of unsigr music
students, with specifications as to the minimum benof years of instrumental
lessons they have had prior to the tests; as @sdwms shown that age and
musical experience play an important role on thdopmance of recall tasks
(Halpern, Bartlett and Dowling, 1995), participastlection methods in
Experiment 1 intended to achieve maximum homoggrafitage, experience
and training across the sample.

e The stimuli on which the subjects were tested were construsbeds to pose
minimal technical challenges to subjects; on theeohand, the pieces had an
increased degree of memorisation complexity. Theatown of the pieces
followed the criteria set in the work of Madsen diddsen (2002) regarding

metre and tonality.

Aim 2: To examine the effects of solfége use on theng-term retention of a pitch
sequence by adult musicians.
Research question 2: Does the early learning and e1®f solfege note names affect

long-term retention of memorised music in adulthoo@

This question was also tackled in Experiment lthasdesign was extended to include
long-term recall; the term long-term in this caswlies the use of long-term memory
stores, rather than a long duration. Solfege amdsaifege performance of a memorised
piece was compared 24 hours after the stimulugptason.
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Aim 3: To examine the effects of solfege use on ausic memorisation task
performed by adult musicians who have been taughoffége recently.
Research question 3: Does the use of solfége notanes affect music memorisation

performance when solfege has been learnt during atthood?

As fixed-do solfege is normally taught during chitebd, along with the first music-
theory lessons, Experiment 2 explored the possikaind utility of teaching solfege to
adult musicians. The effects of solfége learningrarsic memorisation were examined

by looking at the performances of students befarkaiter they had learnt solfege.

Aim 4: To examine the effects of solfége use on theng-term retention of a pitch
sequence by adult musicians who have been taughtfege recently.
Research question 4: Does the use of solfége notanes affect long-term retention
of memorised music when solfége has been learnt ding adulthood?

As in the case of Aim 2, the design of Experimemtes extended to compare the long-
term recall of a melody by the same students, beford after they had been taught
solfege.

Aim 5: To examine the differences between subjecissing solfége syllables and
subjects using letter names, regarding the extentna nature of interference

between verbal and musical tasks being performedmultaneously.

Research question 5: Is solfege different from otmenote-reading systems, in terms

of the interaction taking place between note nameand linguistic elements?

An answer to this question was attempted to bengbyea series of short, computerised
experiments, comprising Experiment 3. In these ewpmnts, the performance of

solfege and non-solféege subjects was comparedls tasting the interactions between
pitch labels, whether solfege syllables or lettames, and verbal elements in the

phonemic, morphemic and lexical level.
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2.1. Solfege lessons

For the purposes of this research, a group ofqyaatits, who were music students in
the University of Hull, followed solféege lessonsugat by the researcher in the
Department of Drama and Music of the UniversityHofll. The first series of lessons

took place between February and May 2009 and wieeed only to 7 students, who

were participating in the pilot study and consgtutthe experimental group. From

September 2009, however, solfege lessons wereedffier the Department as a non-
compulsory aural training programme. This trainmas open to all students and, those
who attended the required amount of lessons wdeetalclaim assignment credit for

performance-related modules as part of their degregramme; at the end of the year,
the positive feedback received by all participatstgdents allowed solfege lessons to
continue during the next academic year, indepehdeftthe purposes of the present
research. In the subsequent sections, the evolafitime solfége lessons from the pilot
study to the final training programme will be delsed.

2.1.1. Solfege lessons in the pilot study

As the pilot study needed to take place within strieted timeframe, there was only
time for 8 solféege lessons between February and REE3O. The lessons lasted 50
minutes each and took place on a weekly basis, arge office equipped with a
Yamaha Clavinova and a whiteboard. The room wasupetor the lessons so that
students were sat next to each other in one rovablies facing the teacher, the

clavinova and the whiteboard.

2.1.1.1. Teacher

At the time of the pilot study, the researcher hasler taught solfege before; her only
experience with solfege lessons was as a studeni, years in a Conservatoire (from 5
to 12 years old) and for 2 semesters in the Unityeds a postgraduate student. Solfége
teachers, in countries that use solfege, usudllynfi@ two main categories: the first is
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the most common one, in which solfege teachergeeired to teach children aged
between 4 and 15 how to read and sing music; ttesghers can either be Music
graduates from a university, or holders of a Degnedusic Theory, or, in fewer cases,
professional singers, pianists, or instrumentalistsanother specialty. The second
category is solfege teachers in Universities oepottigher education institutions; these
teachers usually have completed postgraduate studrmausic on a performance-related
subject and train students in advanced aural skiltdation, singing complex rhythms
and polyphony.

In the present study, the teacher was a profedsaamiliest, with a Masters degree in
performance. Her only singing experience was asm@lper of a youth choir for 8 years,
participating in international festivals and conifi@bs; she also had experience

teaching adults as a director of an amateur clooitwo years.

2.1.1.2. Resources

There are countless solfege books used by teaalierger the world to teach fixed do
solfege; perhaps the most widespread and well-knaven the ‘Lemoine method’
(Dannhauser, Lavignac and Lemoine, 1891) — named #@ife French publishing house
issuing the volumes; the actual title of the boigkSolfege des Solfegeghe ‘Dandelot’
(Dandelot, 1928) and Kodaly’s method (Kodaly, 194)e problem with most solfege
books, however, is that they are principally taedgeat children or, at least, at adults
who do not know how to read music. It is very rdrat adult music students, who have
already attained a high level in music performanceheory using letter names or
numbers, would go into the trouble of ‘re-learningiusic reading using solfege
syllables. For this reason, the vast majority dfege books are addressed to children or
amateur musicians and thus begin with extremelypkmelodies in treble clef, using
simple rhythms with big rhythmic values and ste@msovements with a few thirds,
fourths or fifths; the progress onto more interggtand complex musical material is
very gradual and slow, as solfége instruction ismadly an integral part of music
theory lessons, undertaken during a long periodtime. In the case of solfége
instruction in higher education, teachers rarehkenase of a single book; the musical
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material studied is usually ‘real’ music, eitheredily written for voice or choir, or

transcriptions of pieces for instrumental ensemfuesoices.

The fact that the students taking part in the @tady were all musicians with Grade 8
or higher in their respective instruments, as wasllthe limited time in which solfege
instruction had to take place, rendered the exatugse of one of the available teaching
manuals highly inappropriate. Moreover, as the isesteidents were participating in
solfege lessons on a voluntary basis, they ha@ tcebt motivated and interested, but at
the same time not overwhelmed by the difficultytteé task. Bearing the above in mind,
the model of solfege lessons in higher educatistititions was followed: a corpus of
70 short pieces was put together, using music sey@and songs from various sources.
The material was carefully selected so it was & agd level-appropriate as possible;
the structure of the handbook was the following éahanced version of the handbook
that was used in the main study can be found ineAdix 1):

e Introductory exercises (exercises 1-7). Acquaintance with solfege sydabl
and simple exercises using notes C to G in trele c

e Preliminary exercises (exercises 8-12). Simple singing exercises usihg al
notes.

e Warm-up (exercises 13-15). Standard warm-up exercises lmgeihgers and
choirs; these were provided in written form, sot tetdents would have the
visual aid which would help trigger the use of therect solfege syllable.

e Main core (exercises 16—47). Pieces in treble clef, with rasrdasing level of
difficulty.

o Bass clef(exercises 48-54). 7 exercises in bass clef witihameasing level of
difficulty.

e Two-voice exercisegexercises 55-70). Two-voice pieces with both veice

treble clef.

The exercises in the handbook were taken fromdh@aing sources and collections:
A. Dannhauser, A. Lavignac and H. LemoiBe]fége des Solfeg@dilwaukee: G.
Schirmer, 1891)

Z. Kodaly, Tizenot Kétszolaml Enekgyakorlat (Budstp&ditio Musica, 1941)

N. Ladukin, Monophonic Solfege (Moscow: Editio Mcesj 1980)
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In addition to the pieces in the handbook, on aert&casions students were given
photocopies of choral and orchestral music whidy tiwere performing at the time in
one of the University ensembles.

2.1.1.3. Lessons

After the introduction of solfége syllables in tfiest lesson, students were asked to
always use them when singing or referring to pisctiering the lesson. Regarding the
pronunciation of the solfége names, no strict rwese followed: the teacher explained
that she would always be using ‘do, re, mi, fa, kol si’ due to long-term experience
with these names, but the students were free tovasants of the syllables, such as
‘ray’ instead of ‘re’, ‘so’ instead of ‘sol’ andi‘tinstead of ‘si’; they were, however,

advised to consistently use the syllables they ehais the beginning rather than

constantly switching between alternatives.

Due to the uncertainty caused by the uniquenesbeof’enture of teaching solfege to
adult musicians, there was not a strict macroscplain for the lessons, with specific

learning aims to be achieved in each session. veehandbook had been compiled to
cater for many possible outcomes: the two-voicer@ses provided a musically

interesting alternative of the easy-to-intermed@te-voice exercises in treble clef, in
case solfege proved too hard to learn in such & shwe; the more advanced exercises
and the pieces in bass clef would be used in desetudents felt they wanted to be
more challenged. The general aim was that, by titecé the semester, the students
would be able to sing at least intermediate levetgs using solfege syllables with

relative ease; an example of the desired levehatend of the lessons is provided in

Music Example 2.1:
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Music Example 2.1:Exercise no. 34 from the Solfége Handbook in thet gtudy, taken from Nikolai
Ladukin’sMonophonic solfégél980).

Microscopically, however, the lesson had a preais@ predetermined structure, which

was followed, with small deviations, in every sessi

1. Warm-up (5 minutes). This consisted of simply simggscales in solfege in the
first lessons; once the students started feelingerfeomiliar with solfege names,
the dedicated warm-up exercises from the handbaok wsed.

2. Intervals (10-15 minutes). As the aim was to gatiliar with solfége syllables
as soon as possible and considering that some eofsthdents were not
accustomed to singing in general, it was thougist be begin teaching solfege
names focusing on their fixed-do environment anttfion. In each lesson, an
interval was presented and elaborated on: studeatsed to sing it in its
different variants (minor, third, perfect, augmehtdiminished), either reading
it, or asked to form it starting from a given pitar recognizing it when played
or sung to them; in all these instances, studerts &asked to use solfege names
whether singing or simply referring to a note. tatds were studied in the
following order:

e 1%lesson: minor and major second

e 2"lesson: minor and major third

e 3Ylesson: perfect fourth and fifth

e 4Mlesson: augmented fourth/ diminished fifth
e 5Mlesson: minor and major sixth

e 6" lesson: minor and major seventh

e 7" lesson: revision of all intervals
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3. Singing exercises in unison (15-20 minutes). Alidshts were asked to sing
together exercises in treble clef from the handbook

4. Singing two-voice exercises in pairs or all toget(l0—-15 minutes). Students
sang either in pairs or were divided in two groupsimost cases after the first
lesson, it was the students who chose the two-vexacises they wanted to

sing from the handbook.

In terms of singing technique, only the basic chaorstructions were given: students
were asked to sit in an upright position, sing wéh open mouth and enunciate.
Students were also encouraged to count using tigit hand, as if conducting
themselves; most students, however, found thisedogrd. In the first two lessons,
students were very self-conscious and hesitant tabimging in front of the other
students; apart from the only singer in the clags @ne student who said was used to
singing with others from music lessons in her stlyears, all the others had expressed
doubts regarding their ability to sing. As the @ss progressed, they overcame their
initial reservations and, by May, they all were siderably more confident about

singing and sight-singing in front of the class.

The solfége syllables themselves posed an additiobatacle: although in the
beginning they provided a helpful common base fogieg, the more the students
improved in sight-singing, the more they were imetl to abandon solfege names and
sing what they knew was correct, using a neutrtdlsle (like ‘na’ or ‘ta’). All students,
however, noted that this was due to them not miactisolfége at home; as they were
all in the last semester of their final year antleg® was a voluntary programme, they
did not invest any more time or effort in it thamat they spent coming to class. This
was reported both in private communications, inalvhall students admitted they felt
solfege would have been more helpful if they hadertone to work on it, and in the
anonymous feedback forms they were asked to coengletthe end of the lessons
(Appendix 1): out of 7 students, all 3 who answeiéd to the question ‘Do you feel
you have learnt the material covered in the lessoffsciently?’, responded in the next

question that this was due to ‘Lack of individuedgtise’.
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2.1.1.4. Learning outcomes and exam

By the end of the semester, all students weretahlse solfege efficiently in pre-learnt
pieces, regardless of difficulty, and in sight-smggsimple pieces. Their aural skills and
their general ability to sight-sing improved sulbsi@ly during the semester; this,
however, could not be attributed exclusively tofeged, as the simple fact that the
students received additional aural classes wasdtuiave an impact on their aural

abilities.

At the end of the course, an informal exam toolcg@lan order to screen participants
who would be able to use solfége in the memorisatixperiment for the pilot study.

The exam was split in three parts:

1. Singing a piece they had prepared from the handbbuk students were given a
selection of 3 pieces from the handbook, from whitdy had to choose and

prepare 2 for the exam.
2. Sight-singing an easy piece.

3. Singing a two-voice piece they had prepared from hhndbook with another
student. The students were given a selection ofe8ep from the handbook,

from which they had to choose and prepare onéhfoekam.

All three exam tasks had to be performed usingegelf The students came in the exam
in pairs; as there were 7 students in the class,obrthem appeared twice to cover the
second-voice of the "7 student's exam, but was only evaluated for higgioai
performance. Each of the three tasks received & betwveen 1 and 10; at the end of
the exam, students who had scored more than 1%spsere asked to perform the pilot
memorisation experiment using solfege. Out of tbees students, five scored more
than 15 points; one of them, however, sufferednury and was not able to attend the
experimental sessions in May, so ultimately onlurfetudents were asked to use

solfége in the experiment.
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2.1.1.5. Questionnaires and feedback

At the end of the solfege course, the students vesied to complete a short
questionnaire as well as an anonymous feedback, f@garding their experience with
solfege. In both forms, when asked to rate theddiliy of the solfege lessons overall, 4
students rated solfege lessons as being ‘Diffiarntd 3 students as ‘Neither difficult nor
easy’. In the feedback form, when asked whether fible they had enough time to learn
solfege adequately, 3 students answered ‘Yes’ astlidents ‘No’; 2 of the students
who had answered no thought they would requireni2ede weeks of lessons and two
students required 1 semester more of solféege Isesgsonorder to learn it more

adequately. All the above responses, combined ex#m results, led to the conclusion
that more time had to be devoted to solfége leskwrthe main study.

Regarding the contribution of solfege in the studeoverall understanding of music, 6
out of the 7 students answered in the feedbackddimat solfege had improved their
musicianship; the fields in which they felt solfegentributed are presented in Table
2.1:

Which aspect of your personal music practice/perfanance did solfege improve?

Aural skills  Sight-reading Interval Practice
recognition technique
Number of 4 3 2 1
responses
Participant’s V,S,W,P V,P,P S, W W
instrument

V = voice, S = string instrument, W = wind instrumet, P = piano

Table 2.1:Students’ responses regarding the aspect of myséckdrmance they felt had benefited from

solfége lessons.

Once more, it should be noted that the improvenmenspecific, aural-related skills
should not be attributed to solfege per se, biterato the fact that these students had

received tailored aural lessons in addition to niedules in their degree programme.

59



Chapter 2 Methodology

Nevertheless, the positive feedback received ferpitot lessons supplied a powerful
argument that motivated students to participatessons taught for the purposes of the

main study.

2.1.2. Solfége lessons in the main study

In order to attract as many participants as passtbe solféege course for the main study
was advertised to all music students, regardlesthaif suitability to complete the
memorisation tasks of the experiment itself. Mdigaby the previous years’ students’
positive feedback and by the fact that solfégendtace enabled them to claim
assignment credit for certain performance modwdéastal of 31 students signed up for
the solfége programme; out of those, 18 studentse vadso participants in the
experiment, forming the experimental group. Theaiming 13 students had decided to
take up the lessons in order to develop their askdlls and did not take part in the
memorisation experiments; this group will hereonréferred to as the ‘aural class'.
Because of the large number of participating sttgjethe solfége programme was
divided in two groups, taught in different timesidg the same day; participants in the
experiment were mixed with students from the aalads in these groups. The lessons
were weekly, lasted 60 minutes and were offeredide October 2009 and May 2010,
excluding holidays and examination periods; a totdl9 lessons were taught during the
academic year, 9 during the first and 10 duringsteond semester. At the beginning of
the second semester, 4 students from the expeamgrmup and 4 students from the
aural class dropped out of the programme, mainbabge of timetable clashes with
other modules or because they felt they could neest the time required for the
lessons; a total of 23 students completed the g®lfprogramme. A minimum
attendance of 15 lessons had been set as a pteduth for participation in the
experimental group and for claiming assignmenticratithe end of the programme, 14
students from the experimental group and all 9 esttsl from the aural class had

fulfilled this criterion.

Lessons took place in a seminar room equipped avithpright piano and a whiteboard;
the same setup as in the pilot lessons was usethdomain study lessons, with the

students sat in rows of tables facing the teacher.
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2.1.2.1. Resources

Participants in the pilot study had given positigedback regarding the resources and

the teaching method used in the solfége lessoesmthin conclusions from the pilot

solfege lessons, drawn from students’ commentdramna the teacher’'s observations in

class and in the exam were the following:

It was relatively easy to learn the solfege notenes extended practice,
however, was vital for the efficient use of thelayles in singing. For this
reason, the introductory, basic-level singing esec were kept to a minimum
and more pieces were added in the main core dfdahdbook.

Two-voice exercises were the most popular in thelhaok. More two-voice, as
well as some three-voice pieces were added teetids

Students expressed a preference in bass clef sgsrcas these presented a
bigger challenge to them; they had also expredsedi¢sire to learn to sing in
more clefs, if time allowed. In order to accommediitese preferences, alto clef
pieces and pieces with clef changes were adddteihandbook.

The study of intervals was reported by all studeéotbe ‘extremely interesting
and useful’; this section of the lesson had beemaoted impromptu in the pilot
study, without the use of any textbook resourcdse basic core of teaching
intervals was kept the same, but the teacher asd Wars Edlund’sviodus
Novus (1963) in the main study, for the teaching of iméés and dictation
outside a tonal context, so as to promote the stfdintervals to a more
advanced level.

Bearing these points in mind, the solfege handhaad in the pilot study was amended

and enhanced to fit the purposes of the main stimyfull handbook can be found in

Appendix 1); the structure of the final handbools\tze following:

Introductory exercises (exercises 1-5). Acquaintance with solfege sydabl
and simple exercises using notes C to G in trele c
Preliminary exercises (exercises 6—-12). Simple singing exercises usihg al

notes.
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e Warm-up (exercises 13-15). Standard warm-up exercises lngesihgers and
choirs; these were provided in written form, sotthtdents would have the
visual aid which would help trigger the use of toerect solfége syllable.

e Main core (exercises 16—46). Pieces in treble clef, with rasrdasing level of
difficulty.

e Bass clef(exercises 47-56). Exercises in bass clef withnaneasing level of
difficulty.

e Exercises with clef changegexercises 57-62). Exercises with changes between
treble and bass clefs.

e Alto clef (exercises 63—69). Exercises in alto clef.

e Exercises with clef changegexercises 70-75). Exercises with changes between
treble, bass and alto clefs.

e Two and three-voice exercisegexercises 76—101). Exercises with two or three

voices; all voices in treble clef.

Exercises in the handbook of the main study wekertafrom the same Lemoine,
Kodaly and Ladukin textbooks as in the pilot stutfy.addition, students were given
handouts of transcriptions from Marie-Jeanne Boamess 25 legcons progressives
(1975), in which staff notes were replaced by rhythvalues on a single line, to be

used for rhythm practice.

2.1.2.2. Lessons

The structure of the lessons in the main study nvadelled on the lessons in the pilot;
certain changes, however, were made in order tonacmdate students who were more
interested in the aural rather than the solfége¢ giathe lessons. As the two groups
included students from both the experimental ared dbral groups, the lesson was
structured to resemble more an aural training dlagser than a solfege class run for
purely experimental purposes. This may seem, at ffance, as a compromise in
relation to the research aims; in practice, howeselfege lessons in the main study

were more successful than in the pilot for two oess
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1. The fact that there were more lessons, with more tbetween them, made

solfege incorporation easier and more natural; ihig1 accordance with the
Total Time Hypothesis and the Distribution of Preet Effect principles
(Baddeley, 1999), which suggest that the more iBrspent on a task, and the
more this time is broken down in smaller units eatthan spent in one long
session, the more efficient learning becomes. énléssons of the main study,
solfége was omnipresent as the medium of commuaoichetween teacher and
students; as such, the fact that it was not beamgtantly practised as an end to
itself allowed students to use solfege creativelg productively in their aural
training, appreciating its function in its natusalvironment of a music theory/

aural training class.

The feeling of accomplishment students gained enptocess of refining their
aural skills served to maintain their motivationstay in solfége classes. Given
the duration of the course, students would havet paxbably lost interest if
they felt they were just participating in a reséapcoject that had little to offer
them as musicians; the sense of accomplishmentealped tremendously with

the rapport between teacher and students.

In summary, the structure of the lessons in thenrefaidy was the following:

1.
2.

Warm up (5 minutes), was kept the same as in the pilatystu
Intervals (10-15 minutes). The method of interval instructwas kept the
same as in the pilot study, with the addition ahedistening/ singing exercises
from Edlund’sModus NovusThe overall plan was slightly changed, according
to the new timeframe:

1% lesson:Minor and major second

2" lesson:Minor and major third

3" lesson:Minor and major sixth

4™ lesson:Juxtaposition of thirds and sixths

5™ lesson:Perfect fourth and perfect fifth

6" lesson:Tritones

7™ lesson:Minor and major seventh

8" lesson:Juxtaposition of seconds and sevenths

9™ lesson (end of ¥ semester):Intervals revision.
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In the second semester, the time used for thevalgerwas dedicated to
element no. 4 (dictation).

3. Singing in unison or in groups(15-20 minutes), was conducted using either
one or two-voice exercises from the handbook.

4. Dictation (20 minutes). This was practised in the second staneas a natural
passage from forming specific intervals upon retjaed interval identification.
The dictation mostly used melodic and atonal pietaken from Edlund’s
Modus Novustonal dictation was done in a few occasions usingamiliar
pieces from the handbook. At the end of each ddstagession, students were
asked to sing the corrected piece, using solfegemidnic dictation was also
practised to some extent, where minor/major andrasined/augmented chords
were studied in separate lessons; in many occagpitoh clusters frorModus
Novuswere also used.

5. Rhythm/ Singing and playing simultaneously (10-15 minutes). At the
beginning of the course, students had been givereadescription of what the
aural classes would entail and were encourageditte \their opinion if they
wanted anything else added to the material. At f@int, many students
expressed the desire to focus on rhythm as wad;wias noted and, in most
lessons, some time was dedicated specifically yhrh, using transcriptions
from M.J. Bourdeaux’'s25 lecons progressive€l975). When this did not
happen, students used the time to practise tweevpieces by singing one

voice while playing the other on the piano.

2.1.2.3. Learning outcomes and exam

By the end of the solfege course, all students vadre to sing a prepared piece
efficiently and to sight-sing pieces using solfé8e.in the pilot study, most students in
the main study had little experience with singiagart from choir participation, so
many of them reported at the end of the courseth®t had linked sight-singing with

solfege syllables.

The solfege exam took place in May 2010 and cora@risur different elements:
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1. Singing a piece in treble clefStudents were asked to prepare four pieces from

the handbook and performed one in the exam.

2. Singing/ playing a piece with clef changestudents were asked to prepare two
pieces with clef changes and perform one of thetherexam. Participants from
the experimental group were asked to perform #sk by singing, but students
from the aural class were asked to perform it @ir tif' study instrument.

3. Playing/ singing back a 4-bar melodyThis was a form of melodic dictation,
but instead of the students having to write theoaigl they had to either sing it
back using solfége names (experimental group),lay jt on their £ study
instrument (aural group). In both cases, studemewonly allowed to correct
each note once, but they could take as much timbeswanted before they

started playing/ singing back the piece.

4. Play and sing or sing in pairs.Experimental group students were asked to
prepare a two-voice exercise and sing it while ipigythe other voice on the
piano. Aural class students were given a choicevdst this task and preparing

2 two-voice pieces to sing in pairs.

Each task was given a maximum of 20 points; in tamlti there was an ‘attendance
bonus’, which was worth 20 points if someone haenated all 19 lessons, with 2 points
deducted for each missed lesson. If the overallknweas above 50, it enabled the
student to claim assignment credit and to partieipa the experiment as a solfege
participant. All students who participated in the exam manageddore above 50
points; there were 2 students, both from the erpantal group, who did not attend the
exams although they had fulfilled attendance derma@derall marks ranged from 52 to
97; the mean score was 74.62 (Table 2.2):
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2.1.2.4. Questionnaires and feedback

Statistics

Total Mark
N Valid 21

Missing 2
Mean 74.62
Std. Error of Mean 2.732
Median 75.00
Std. Deviation 12.520
Variance 156.748
Range 45
Minimum 52
Maximum 97

Table 2.2:Descriptive statistics of marks scored in the gféxam.

As in the pilot study, all 23 students attendintiése lessons were asked to complete a

guestionnaire and an anonymous feedback form reggtideir experience with solfege;

a total of 22 questionnaires and 20 feedback favere received back completed.

In general, students’ responses both in the feédbarens and in the questionnaire

show that they had found the lessons mostly diffiouaverage (Figure 2.1); feedback

forms also revealed that most students assessiedwe solfege skills at that point to

be average or good (Figure 2.2):
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10

6—

4—

Number of responses

Difficult Neither difficult nor Easy Very easy
easy

How would you rate the difficulty of solfege lessons overall

Figure 2.1: Questionnaire responses regarding the difficultyaifeége lessons in the main study. There
were five possible answers, ranging from ‘Veryidiift’ to ‘Very easy’; none of the students selekcthee
‘Very difficult’ option.
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10

6—

Number of responses

Extremely good Good Neither good nor Poor
poor

Rate your solfege skills at this level

Figure 2.2: Feedback form responses regarding the self-rafisgudents’ solfeége skills at the end of the
lessons in the main study. There were five possibtavers, ranging from ‘Extremely good’ to

‘Extremely poor’; none of the students selected Ehx@remely poor’ option.

Most students (N=17) in the main study found thet time they had to learn solfége
was adequate, while only three thought that theuwlevoequire more time to learn it;

these students answered they needed up to one seorester of lessons in order to
learn it adequately. 19 out of 22 students respdriblat they felt they knew solfége
well enough to use it when learning an unfamilisgcp of music; out of them, 15

answered they would use solfége when learning uh&rmusic.

Students’ attitude towards lessons was generally sinilar in the main and the pilot
study; in the main study, all 7 students who thaublky had not learnt the material
covered in the lessons sufficiently, also resporttatithis was due to lack of individual
practice. Both in the questionnaires and in thengmous feedback forms, all students
answered that solfége skills had contributed irr tieisical skills in general; it is again
the case, however, that the improvement of muskidis cannot be attributed to solfége
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per se as students were likely to have improvedrddgss of using solfege in their aural

training course.

The only occasion in which solfége could potengidie credited with the general
improvement of musical ability, was the case of BMirst-year undergraduate from the
aural group, who had come to solfege lessons withbnost any prior knowledge of
music theory. He was a skilled jazz-guitar play®i vas familiar with letter names and
could read from a score, although he normally peréa without written music; during
the solfege course he was attending the auralingaimodule for first-year music
students as well as private music theory lessomsrdiorted, both in the feedback
forms and in private communications, that solfégd helped him more than the letter
system used in the aural training module and inptineate lessons, because he felt it
had provided him with ‘a point of reference’ regagdwritten music. He also reported
that, although he was familiar with letter namefol® practising solfege singing had
made him link the notes written on a staff with thesical sound of their solfege name;
this, he reported, was very different to knowing tletter names because solfege
syllables felt more musically relevant, since thegre always sung. It is important to
note at this point that the particular student wassaware of the background, aims and
hypothesis of the present research.

Regarding the incorporation of solfége in a Uniitgrsnusic curriculum, the vast

majority of students answered that they approveelyésponses were very similar to the
question of solfege incorporation in a school auitim (Figure 2.3, Figure 2.4):
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14

12

§

8—

Number of responses

2

Approve strongly Approve Neither approve nor
disapprove

How would you feel about solfege instruction being incorporated in a University
curriculum?

Figure 2.3: Questionnaire responses regarding the potentiatpacation of solfége instruction in a
University music curriculum. There were five possianswers, ranging from ‘Approve strongly’ to
‘Disapprove strongly’; none of the students thes&iprove’ options.
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Number of responses

Approve strongly Approve Neither approve nor
disapprove

How would you feel about solfege instruction being incorporated in a school
curriculum?

Figure 2.4: Questionnaire responses regarding the potentiatpacation of solfége instruction in a

school music curriculum.

2.1.3. General remarks regarding solfege lessons

The reception of solfege lessons overall was vethuesiastic, especially in the main
study; many students commented they would likeet® solfege become a compulsory
module in their music degree. It was not within gwpe of the present study to
determine which aspect of solfege instruction iec#fic was the one that made it so
popular with students; general student feedbackyeker, indicated that a major
advantage of solféege versus more ‘conventionalalataining/ theory lessons was the
fact that it was based on singing: both becauseaie it more enjoyable and because
they considered the ability to sing accurately inguat for their musicianship. Even
students who were very uncomfortable with singihghe start of the lessons, were

convinced, by the end of the course, of the witalit song in performance practice and
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had improved dramatically in using it as a mediudrmasical communication. Students
who were enrolled in the Jazz and Popular musigrarame commented that solfége
lessons had improved the level of communicationvbeeh them and their bandmates;
one student also reported that solfege had imprénedmnprovisation skills, as it had

helped him ‘internalise the sound’, so that he daqulhy, to a degree, what he ‘heard

internally’.

The positive reaction to solfége instruction ledhe decision for lessons to be on offer
in the next academic year as well: a total of &sd&s were offered during the first
semester, while the duration of the lessons wasneed to 90 minutes, so that there
was sufficient time for rhythm instruction and hamrc dictation as well. A total of 30
students, divided in two groups, completed a omeester course and took the exam at
the end, which comprised a written and an oral etgnfeedback for these lessons was,

once more, extremely positive.

A general conclusion that can be safely drawn femifége lessons is that solfege is a
natural way to teach theory and aural skills andppealing to most students. Solfege
singing also makes these skills more directly tienable; many students commented on
the immediate applicability of solfege singing heir performance practice and some
even observed that solfege would be helpful to goctmldren learning an instrument.
Although more specialised research is requiredrderto verify such claims and to
determine exactly which aspect of solfege makefitient, reports from the present
study indicate that thenusical relevance of solfege syllabldsee Chapter 1.2) might
be a crucial factor making it extremely practiedsy to learn and enjoyable for music

students.
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2.2. The pilot study

2.2.0. Aims and hypotheses

The aims of the pilot study were as follows:

To check the validity of the procedures followedl afi the materials used in the
experiment.

To determine whether musicians’ scores on workimgnory span tests can be
correlated to their performance scores on music onsation tasks.

To determine whether the use of solfége affects pbdormance of music

memorisation tasks.

To test whether the use of solfége renders mentiasanore effective and

durable over longer time-spans.

To find out if the period during which solfege #kilare acquired (early

childhood or maturity) is crucial to the use ofgbakills in memorisation tasks.

In order to meet the last three aims, the followygotheses were tested:

1.

Musicians with higher working memory spans willlgidigher scores in music
memorisation tasks than musicians with lower menspans.

Musicians who use solfége will yield higher scaresnusic memorisation tasks
compared to musicians not using solfege.

Musicians who use solfége will yield higher scaresmusic memorisation tasks
after longer time spans compared to musicians siagwsolféege.

Musicians who have learnt solfége at an early agenere likely to use it in
music memorisation tasks than musicians who haaraté during adulthood.
Musicians who have learnt solfege at an early age ase it to perform
memorisation tasks are more likely to yield higlseores in the tasks than
musicians who have learnt solfége during adulthadduse it to perform the

same tasks.
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2.2.1. Method

2.2.1.1. Design

The pilot study employed a 3x3x2 mixed design, vilthee independent, between-
subjects factors: i) solfege knowledge, with tHmeels: solfege, non-solfege and taught
solfege, ii) instrument type, also having threeelsv singers, string/wind players and
pianists; and iii) type of piece tested, with tvewéls: tonal and atonal piece. The first
variable, solfege knowledge, also functioned asndependent within-subject variable
for the experimental group. The dependent, withibjsct variable was performance
score on the music memorisation task. The depenbetween-subjects variables were
1) performance scores on the music memorisatidndas ii) performance scores on the

working memory span tests.

2.2.1.2. Participants

13 students participated in the pilot study, alldging music in the University of Hull.
They were divided into three groups:

a) The solfege group, which included 2 internationiatlents from countries where
solfege is taught and used as part of the musicatidun system. Both students
in the groups were females; one was a wind playéitlae other a singer.

b) The experimental group, which included 6 Englisd ane non-English student
who were not previously familiar with solfege. Thestudents followed an
intensive solfege course over the spring semegtédneoacademic year 2008—
2009 in the University of Hull. There were 3 pidsjs2 wind players, 1 string
player and 1 singer in this group.

c) The control group, consisting of 4 English studentsfamiliar with solfege.

This group featured 1 pianist, 1 wind player, ingtplayer and 1 singer.

All students volunteered to do the experiment agdesl consent forms for the music
memorisation and automated working memory testsyedsas for participation in the

solfege classes.
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2.2.1.3. Materials

The memorisation stimuli for the pilot study incadlthree tonal and two atonal pieces,
composed specifically for use in this study (sep&qlix 2):

T1: Tonal piece, 4/4 rhythm, major key.

T2: Tonal piece, 4/4 rhythm, minor key.

T3: Tonal piece, 6/8 rhythm, major key.

Al: Atonal piece, 4/4 rhythm, no key signature.

ok~ 0N R

A2: Atonal piece, 4/4 rhythm, no key signature.

Each tonal piece for vocalists, string and windypta had a total of 62 notes, whereas
the stimuli for pianists were 108 notes; the keyanal pieces was different according
to the range of the instrument/voice. The two atpreces had a total of 41 notes for all

vocal and instrumental groups apart from pianogisywho had 86 notes in each piece.

All participants were asked to complete two questares, one for the tonal and one
for the atonal piece, regarding their music studieemorisation habits and views
towards the task they had just completed (see Agiped). The experimental group was
also asked to complete an anonymous feedback fegmayding their views on solfége
training (see Appendix 1).

All participants were recorded using an Olympus 00 PC digital voice recorder
with an additional Olympus ME15 electret condems@rophone. Music memorisation
tasks were run in a university practice room in Bepartment of Drama and Music,

equipped with an acoustic upright Yamaha piano @htk3).

The working memory tests used to measure the dsbjegeration span and reading
span were Automated Operation Span (Aospan) andmated Reading Span (Arspan)
tests respectively (Unsworth et al, 2005), written E-Prime Version 1.0 and

administered to participants in a computer lathe Department of Psychology, using a

regular computer monitor.
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2.2.1.4. Procedure

The study involved completion of two tasks, a museamorisation task and a working
memory task. The procedure for both tasks is aetdoklow.

Music memorisation task
An overview of the memorisation task is providetble followed by a detailed
description of all the separate steps:

Phase 1 (February 2009)

1a. Practice and ¥ performance
Learn T1 (10 minutes) — Perform T1 from memory. @tete questionnaire for
T1.

1b. (1 hour later) Recall practice and 2 performance
Practise T1 without score (1 minute) — Perform b memory.

1c. (24 hours later) Recall practice and'3 performance

Practise T1 without score (1 minute) — Perform b memory.

Phase 2 (Experimental group only — February to Ma909)

Intensive solfege programme led by the researd®ser gection 2.1.2).

Phase 3 (May 2009)

3a. Practice and ¥ performance
Learn T1 (10 minutes) — Perform T1 from memory. @tete questionnaire for
T1.

3b. (1 hour later) Recall practice and 2* performance

Practise T1 without score (1 minute) — Perform b memory.

3c. (24 hours later) Recall practice and'3 performance
Practise T1 without score (1 minute) — Perform b memory.
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Phases 1 and 3 were repeated once more, in Felamdrn May, for each participant,
with the atonal piece. Half the participants reedithe tonal piece first and the other
half received the atonal piece first. T1 and T2 @ased in the above descriptions as
examples; the subjects in the study were givencamybination of two different pieces

between T1, T2 or T3, for the tonal piece, and AA2, for the atonal piece.

Phase la:At the start of the session, the participant wasvipled with explicit
instructions, written and oral, and was encouraggedask any questions s/he had
regarding the procedure. After all queries had bdenfied, the participant was left in
the practice room alone for 10 minutes, with th&runction to memorise the piece as
best as s/he could, using any method s/he wishetbaok was visible to the participants
during the 10-minute period for time-managementppses. After 10 minutes the
researcher entered the room, took the music awaly sam down waiting for the
participant to perform the piece from memory — ihstructions stated that the
participant was not to engage in any form of dists with the researcher until after
completing the memorised performance of the piédee instructions encouraged
subjects to perform the whole excerpt on the &tstmpt, without restarting if mistakes
occurred; if, however, they felt they needed tatsteom the beginning, they were
instructed to do so with the least amount of timesible between attempts. In the case
of mistakes and omissions the subjects were insauto correct only if certain and
otherwise proceed with the rest of the piece. Theninute practice session and the
performance were recorded. After the end of the arm®d performance participants
were instructed toot think about or rehearse the memorised piece, rephgsically or

mentally, until their next session in one hour.

Phase 1b:The participant received written and oral instroies to rehearse what s/he
could remember from the piece for 1 minute; per@amoe instructions remained the
same as for Phase 1A. Both the 1-minute practicsia@e and the memorised

performance were recorded.
Phase 1c:Participants followed the same procedure and iostmis as in Phase 1B.

After the end of the performance, participants wassured they would not have to

perform the piece again.
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The procedure and instructions in Phases 3a, 3Bamdre the same as in Phase 1a, 1b

and 1c, respectively.

An obvious discrepancy may be apparent at thistpoinly two different tonal and
atonal pieces are required so that each particivantd receive a different piece each
time they repeated the experiment in February ariday; yet, for the tonal piece there
were three different options. The reason for thisterce of a surplus piece was that,
prior to the pilot study, a total of 5 tonal andafonal pieces were screened by
professional musicians, to whom the aims and thepsef the experiment had been
explained. All 5 atonal pieces were judged to bprayriate for the purpose of the
experiment, so two pieces were selected at rantimertonal pieces, on the other hand,
received varied and, in some occasions, contragiceviews, which made selection
harder. One tonal piece (T5) was considered alomuashimously to be too difficult and
was subsequently eliminated; another piece (T1) wasnimously considered
appropriate, while the remaining three received edlixeviews. As this was a pilot
study, it was considered preferable to put twohaf three ambiguous pieces to test,
rather than randomly selecting one of them to Usegaside T1. Had the number of the
pilot study participants been bigger, all four gigcapart from the extremely difficult
one, would have been tested in order to seleantb&t appropriate stimuli for the main
study. Given the circumstances, however, the nest folution was to select two of the
ambiguous pieces (T2 and T3) and make an inforneaisidn about the main study

using the feedback and results from participantkenpilot.

Working memory tasks

The participant came at an appointed time and wasngbrief verbal instructions
regarding the nature of the task, which was complehouse-driven, with no need for
interference by the experimenter. The task itsel$ Wwroken into three practice sessions,
after which the main task took place. For the Aosfest, participants were presented
with a series of letters; after the presentatioaaith letter, they had to perform correctly
a very simple mathematical calculation presentedaaen (e.g. (1*2) + 1 = ?). At the
end of the series of letters and mathematical dipess they had to recall the letters
presented to them (ranging from 3 to 7), in theexrorder, by choosing them from a
list of on-screen options. The same procedure wlimAfed in the Arspan test, only this

time after the presentation of each letter theig@pent had to read a short sentence (10—
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15 words) and decide whether or not it was nonsahsAgain, after completing a
series of such reading tasks, interspersed witbeptation of letters, they had to recall
all letters presented, in the correct order. Fdullhaccount of the Aospan and Rspan
tasks see Unsworth, Heitz et al (2005).

For all completed tasks, the program reported$o@es to the experimenter: Operation
span (Ospan) or Reading span (Rspan) score resggctiotal number of correct
letters, math or reading errors respectively, spegdrs and accuracy errors. The
Aospan score has been found to be a reliable itmtic working memory (WM)
capacity (Unsworth et al, 2005); WM capacity, imntureflects the ability to maintain
information in an active state, so that they careasily retrieved (Engle, 2001). WM
span scores in general are used as indicatorggbéhbrder cognition (Unsworth et al,
2005), an example of which is the performance ofmorsed music (Williamon and
Valentine, 2002). Music memorisation places a $icgmt load on WM, as information
about the serial organisation of the piece needbetaconstantly active, while the
performer is coordinating a series of complex mathkills to produce the musical
material; thus, it seems plausible to hypothegsisaé higher span scores will function as

predictors of accuracy in a music memorisation teisk a restricted timeframe.

All participants completed both the Aospan and Alngpan tests, in random order; in
the analysis for the present study, only OspanRsphn scores were used: these scores

represent the sum of all perfectly recalled sets.

2.2.1.5. Transcription and scoring

All six performances of each participant (three roased performances for the tonal
and three for the atonal piece) were transcribeth fthe voice recorder to manuscript
paper. Manuscript paper was preferred to using enusitation software for the
transcriptions because of the complexity of som&éhefmemorised performances. As a
general rule, the more accurate the memorised npeafice, the simpler the
transcription; poor performances normally containedanges in rhythm (bars
containing less or more beats than the ones dittatehe time signature), changes in

tempo (ritenuti, accelerandi, pauses), more extsigall characteristics (verbal
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comments, laughter) and more repeats of the santeriaedavithin phrases or bars when
the participant was unsure of the music being peréa. When entered in music
notation software, all the above elements resulirinoverly complex score, which is
extremely hard to read and even more difficult tarkn in addition, creating a score
which will include details of all changes and mik&sa compared to the original is more
time-consuming than creating a hand-written scdkesample transcription of a

memorised performance is shown in Figure 2.5:
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Figure 2.5: Participant no. 9 (cello), T1, 1st performance.

In addition, the 10-minute private practice sessjomvo for each participant, were

transcribed into text, as well as the two 1-mimeizall sessions for each piece.

The scoring method followed for the evaluation oemorised performances is

described in detail in section 2.3.

2.2.2. Results

Although all performance transcriptions were eveddafollowing the scoring system
described in 2.3, the limited number of particigaint this study made it impossible for
any kind of analysis to yield reliable results, afhicould also be generalised. Especially
the small sample of solfege participants was fotmbde non-representative at all: the
singer ranked consistently among the highest sc¢ab®ve 190 points) in all

performances, for both tonal and atonal pieces,nwhe mean scores for the other 2
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singers in the study were 105.98 and 131.93 pd&imtthe ' performance of the tonal
and atonal piece respectively. On the other hdredwind player from the solfége group
produced very discrepant performances, ranging dm196, depending on the piece.

Despite the fact, however, that performance scooedd not be used for analysis, the
answers from the questionnaires were more inforeahll subjects were asked to state
the difficulty of the piece they performed eachdijmm terms of technical difficulty and
in terms of memorisation difficulty. Out of the pes used — 3 tonal, 2 atonal — 2 tonal
and both atonal pieces got similar, varied ratifsboth their technical and their
memorisation difficulty; for the first tonal piecéTl), however, the answers
unanimously stated that it was extremely easy, boterms of technical difficulty and

in terms of memorisation difficulty (see Figure 2.6
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Difficult Neither difficult nor Easy
easy

Degree of memorisation difficulty

I
Very easy
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Figure 2.6: Participants’ responses regarding the level ofrteth difficulty and memorisation difficulty
for the three tonal pieces. None of the participaeiected the ‘Very difficult’ option, for eithexchnical

or the memorisation difficulty of the pieces.

Mean scores for T1, T2 and T3 did not follow thenegpattern: as shown in Table 2.3,
T2 seems to be the piece that yielded the highestes. It is important to note,
however, that the three participants who consistgmbduced the highest scores across
performances, all happened to get tested on Tt&reituring Phase 1 or during Phase 2.
On the other hand, the two participants with tivedst scores on all performances never
got tested on T2; given the small size of the samglch coincidences are believed to
have skewed the results considerably.

Descriptive statistics for the ' performance of the tonal piece

Mean 83.39
T1

5% Trimmed mean 84.12
(N=9)

Range 46.08

Skewness - .676

Mean 98.36
T2

5% Trimmed mean 98.39
(N=5)

Range 391

Skewness - .663

Mean 81.91
T3

5% Trimmed mean 82.68
(N=6)

Range 47.01

Skewness -.973

Table 2.3:Mean scores for the*performance of the tonal piece. Note that twoigigents, who were
due to perform T2, failed to attend their experitaésession and, consequently, T2 was tested bgrfew
subjects (N=5).
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Subjects from the experimental group were also cagkecomplete an anonymous
feedback form regarding their experience with gfe€lasses and their general views
on solfege as a music education method. Out ofidesits participating in the solfege
classes, 3 stated they felt they had enough tinkearm solfége, while the other 4 were
divided between needing another 2 to 4 weeks asehiester to feel they knew solfége
satisfactorily. All 7 participants stated that ggié learning improved some aspect of
their personal music practice; what they mentiohed improved was, in order of
frequency, their aural skills (N = 7), their sigieading (N = 4), and their intonation (N
= 1). Regarding whether or not solfege might beolporated into a University
curriculum, 1 student was neutral while the othevede positive towards the idea; on
the other hand, on the question about solfége jreation in the school curriculum, all
seven students agreed, with 5 students answerag ‘@pprove strongly’ and 2 they

‘approve’ of such an idea.

Out of the 7 students participating in the solfelgsses, only 4 were asked to use it in
the second round of memorisation tasks in May;stineélents were screened according
to their results in a solfége exam which had tgkene a week before the second round
of the experiment. Four students who scored ovéb %0 the solfege exam were
instructed to use it as much as possible in the onisation tasks; the rest did not
receive particular instructions and did not usdeg@. The transcription of the practice
sessions, however, revealed that, out of the 4cfeants instructed to use solfege, only
one had actually used it, at least in a way tha saualible from the recording. Despite
this finding, all 4 participants completed the gi@maire as if they had used solfege
and, in the question ‘How did solfege affect youemorisation?’ regarding the tonal
piece, 2 participants found a positive effect, tmend a negative effect and one found
no effect at all. It is worth mentioning that tharficipant reporting the negative effect
was a singer and also the one who had actually saléebe audibly during the practice
session; the negative effect was explained in aespent question, where the subject
stated that he had found solfege helpful but teneiconsuming and ultimately
detrimental, given the restricted timeframe. Thaatxsame responses were recorded in
the corresponding question regarding the atonalepithis time, the male singer who
reported a negative effect added that he would hked to use more solfége if he had

more time to complete the task.
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According to the first hypothesis:
1. Musicians with higher working memory spans wikld higher scores in music

memorisation tasks than musicians with lower menspans.

In order to test this hypothesis, the performarmuees from Phase 1 of the pilot study
needed to be compared with Aospan and Arspan sc8mseral problems arose in
regard to these comparisons:

1) The Aospan and Arspan tests used were in Englidhterefore appropriate to
use only with English participants. This meant thath solfege participants, as
well as one participant from the experimental growgere automatically
excluded from the automated working memory testaieling the number of
participants to 10.

2) Questionnaire responses revealed that particigaadsunanimously found T1
easier than T2 and T3; the fact that this had renlvalidated from performance
scores, whereas independent judges had considereashd T3 harder than T1,
led to the conclusion that the overall consisteranyd reliability of the

performance scores had been compromised.

For the reasons described above, instead of atitegnjot compare covariances between
the WM tests and the performance scores, the Witdeslts were first plotted in a line
graph (Figure 2.7) against the memorisation scfmethe ' performance of the tonal
and the 1 performance of the atonal piece. As the maximussibde score was 100 for
the music tests (see section 2.3) and 75 for bolh sts, all Aospan and Arspan

scores were also converted to percentage scorédsigaromparison:
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Figure 2.7: The triangle, square, circle and dash shapes deratethe value of*iperformance score
for the atonal piece, thé'performance score for the tonal piece, the Aospahthe Arspan score

respectively, for each participant.

The lines in Figure 2.7 suggest that the workingnoey scores and the performance
scores did not correlate in a consistent mannéroadh, in most cases, they seem to be
similar within groups: participants generally prodd similar results in the
memorisation task for the tonal and the atonal giemd similar results in the two
working memory tests. The most notable cases anensuised below:

e Participant no. 3 scored maximum points in both kiviy memory tests. His
performance score, however, was the lowest foratio@al piece and second
lowest for the tonal piece.

e Participant no. 8 scored maximum points in both tbeal and the atonal
memorisation tasks, whereas her Aospan score veakwest and her Arspan
third lowest.

e Participant no. 10 scored maximum points in allthetArspan test.

e Participants 4, 5 and 6 scored above 90% for babep, while their Aospan

scores varied as much as 44% and their Arspanseasrmuch as 57%.

According to the second, third and fifth hypothesis
2. Musicians who use solfege will yield higher m music memorisation tasks

compared to musicians not using solfege.
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3. Musicians who use solfege will yield higher m music memorisation tasks
after longer time spans compared to musicians siagwsolféege.

5. Musicians who have learnt solfege at an earlg agd use it to perform
memorisation tasks are more likely to yield higlseores in the tasks than
musicians who have learnt solfége during adulthadduse it to perform the

same tasks.

It was not possible to conduct reliable statistiesits for these hypotheses, due to the
extremely limited number of solfege participantdd ahe apparent inequality in the
difficulty level of the memorisation stimuli. It igorth noting that the solfege singer
scored a minimum 44.21% higher than the mean ofwleenon-solfege singers in the
performances of the tonal piece and a minimum 38.58yher than the non-solfege
singers in the performances of the atonal pieawtimd player form the solfége group
yielded extremely discrepant scores, varying froto Ql96, so that no comparisons
could be made to the instrumentalists in the ndfége group. Despite these problems,
however, pilot performance results led to certaeryvinteresting conclusions and
corrections to be made in the design of the maiadystthese are presented in the

Discussion.

According to the fourth hypothesis:
4. Musicians who have learnt solfege at an early agenare likely to use it in

music memorisation tasks than musicians who hamateét during adulthood.

Out of the seven students participating in theégm@ftraining programme, only four
managed to score above 50% in the solfege exanmeawer, the recordings of practice
sessions of those who scored over 50% in the eragaled that they had not been able
to incorporate solfége effectively in their mematien strategy. These findings provide
tentative support for hypothesis no. 4, howevemueh bigger sample is necessary in

order to be able to generalise any conclusions mraw
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2.2.3. Discussion

One of the aims of the pilot study was to checkvhiity of the procedures followed
and of the materials used in the experiment. This was met, as, according to the
results of the pilot, several changes were madiendesign of the main study. The

main points emerging from the pilot are summariseldw:

2.2.3.1. Review of Participants

Bearing in mind sample size constraints, analyemyved than the categorisation of
participants in: singers, string players, wind pl@yand keyboard instrument players,
was meaningful; it also revealed the additionalsgmkty of the further regrouping of
string and wind players in one group, being inseatalists who normally have to
perform a single melodic line. The latter groupsoipeme was adopted when recruiting
participants for the main study: target subject hara in the vocal and the string/ wind
group were approximately equal, while the targember of keyboard instrument
players was slightly smaller, due to the naturthefhypotheses — solfége was expected
to be least appropriate for use and least effedovepianists than for the other two

groups, owing to the polyphonic element in the rmalsnaterial.

A tuned percussion student who had volunteeredatticgpate in the pilot study had to
be rejected due to practical difficulties with angang experimental sessions in the
percussion practice room and moving the instrumemntsavoid such complications,

percussionists were excluded from the main studyedis

2.2.3.2. Review of Materials

Musical stimuli
The original aims regarding the pieces used inpit@ were: a) to confirm that the
pieces deemed appropriate by independent judgesA2and T1) were appropriate for

the main study and b) to select which one out ofi@ T3 would be most appropriate
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to use alongside T1. During the pilot, however,wias made apparent that the
experimental process ran more smoothly with thaltqgeces than with the atonal,
owing to the one extra tonal piece used. This haggpdéecause, even though there were
only a few participants, they tended to make baeckdck appointments for their
experimental sessions: as a consequence, it wan tie case that one participant
would be waiting for their turn outside the praetiroom, while another was inside the
room, practising or performing a piece; althougacgice rooms were relatively sound-
proof, it was relatively easy for people outsidagbice rooms to overhear the music
produced inside. Having three options for the tgmetes made it much easier to avoid
situations in which the participant waiting outsigeuld be tested on the same piece as
the one performed by the participant inside thefom@ room; in some occasions, this
was not possible for the atonal pieces. Taking sunsideration that the number of
participants in the main study would be considgrabigger and that, for the
experiments run outside the UK, there would be @enestricter timeframe within
which all appointments should take place, it wasidbd best to have a selection of 3

tonal and 3 atonal pieces to use in the main study.

Regarding the selection of the pieces, the finsakpiece (T1), which had been the only
one deemed appropriate by independent judges, bad found too easy and was
therefore substituted by one of the other tonatgsewhich had received mixed reviews
from the independent judges. The new piece wasialsmwjor key and 4/4 rhythm, but
did not contain extensive scale passages, whichgesasrally considered to be the main
feature of T1 that made it easier than the other tw

The two atonal pieces were kept the same for the stady, apart from the pianists’

stimuli in the left hand for A2. This was also pedvexcessively easy, especially for
pianists employing the strategy of learning théntrigand separately from the left, as it
contained sequences which, by themselves, soursdiedvang a tonal centre. The result
was that some pianists concentrated on learning-tleasier — left hand part and
remembered it in isolation, without being able ésnember more than a bar from the
right hand. Thus, the left hand part in A2 was ectied for the main study. Taking into
account that the original 5 atonal pieces had vecdesimilar reviews by independent

judges regarding their overall difficulty and appri@teness for the task at hand, one of
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them was added in the material for the main studyprder to have a total of 3 atonal

pieces.

Working memory span tests
The Aospan and Arspan test scores, measuring thecssi operation span and reading
span respectively, have been proved to be relisfgleators of a subject’'s working
memory span, which in turn has been shown to premédormance in higher order
cognitive tasks (Conway et al 2005, Unsworth e2@)5). These test scores, however,
could not be correlated to music memorisation taskormance scores in any way.
That could happen for any of the following reasons:

1. Music memorisation does not fall within the domainhigher order cognitive

tasks.
2. The working memory tasks used were inappropriatéhi® task at hand.

3. The music memorisation performance scores wereimate.

As discussed in Chapter 1.3.3, the first propasiti® most definitely false; music
memorisation has been generally admitted to be ghlyhirefined cognitive task,
demanding the fine tuning of both cognitive andsseyrmotor skills. The remaining
two, however, are plausible; participant feedbackvall as the dataset itself reveals that

there are certain theoretical and methodologiaatblems in the pilot design.

The problems of the scoring system used in perfoo@aevaluation are extensively
discussed in the subsequent section (Chapter t&)pilot performances, however,
could have been re-scored according to the impraxeduation system described in
section 2.3.3. The reason this was not done waausedhe main problem was believed
to be a significant difference in the level of fecbhetween the working memory tests
and the music tests. The music tests from whicmtmorisation scores resulted were
targeted to skilled musicians, evaluating an ex#édgndomain-specific set of skills,
relying on deep structures; on the other hand thgpAn and Arspan tests tested a very
broad, surface range of skills and can be regdteEreanyone. An illuminating example
of the resulting imbalance is that the participamo had mentioned s/he was very
competent in mathematics and was very confidentitataking the Aospan test scored,
indeed, the highest in the test; on the other htdnedparticipant who was least confident

and had previously reported that she could not egaciently from a computer screen
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had one of the lowest scores in the Arspan testitfar flaw in the use of the particular
automated tests as indicators of musical workingnorg span is that, there being a
certain limit in the maximum points a subject caors, there was a number of
participants that achieved a maximum score in begts; this, of course, does not mean
that the particular subjects had the exact samed hskill. In both the above examples
the participants’ performance in the Aospan andoanstests seems to be related to a
broad set of cognitive skills, therefore the catiein of these results with performance
in music tests constitutes a gross generalisationoaer-simplification. Although these
particular automated tests are reliable when useategorise subjects in high-span and
low-span groups, as is one of their most commos,usevas evident that a different,
domain-specific test needed to be designed to measusic working memory span.
Such a test was designed for the purposes of the shady, using the same platform
and general format, but using music-specific stimgb that the scores could be

compared to music memorisation scores.

2.2.3.3. Review of Procedures

The main changes resulting from the pilot wereftlewing:

e Arrangement of first memorisation session and subsgient recall session.
The arrangement of the first two sessions for gaebe happening an hour apart
created numerous problems, both practical and rdetbgical. In practical
terms, it proved extremely difficult to find dates which the participants were
free at the exact times specified in the experingdesign (30 minutes, 5 minutes
after one hour and 5 minutes after a day). In a&udiin several cases it proved
impossible to keep participants from involuntaréhearsing the piece mentally
during the hour between the first and the secosdice. For these reasons, the
second session was incorporated in the first femtlain study; participants were
kept in the practice room for approximately 40 nmé@sy during which the 10-
minute memorisation session, a 15-minute distracperiod and the recall
session and performance took place. A similar aeBags been also followed in
Ginsborg and Sloboda (2007), where a 10-minuteniie@ was carried out
between sessions; this design ensures that partisi@re kept from rehearsing
the piece, while at the same time long-term menmiyeing tested after the 10
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or 15-minute period has passed. This design offdredchance to conduct the
first two performances of the piece as smoothlypassible; the potential
problems, however, arising from the 24-hour breakvieen the " and the last
recall of the piece were more difficult to resoh&nce it was impossible to
control participants’ actions and thoughts betwdenfirst and the last session,
an attempt was made to preserve environmental riadb the experimental
procedure, in order to avoid changes in performaasalting from the change
of room or instrument, in the case of pianists {iMésand Backlin, 2007). The
restrictions posed by the experimental design betwvike first and last sessions
were taken into consideration in data analysighfermain study.

e Duration of the recall practice sessionsRecordings showed that, in most
instances, the 1-minute interval the participardasl Im order to refresh their
memory of the piece was not enough. Apart from igpents who were
absolutely confident and performed the piece witar®0% accuracy, all other
subjects used up the 1-minute period either fraliyicrying out bars which they
could not remember, or playing almost nothing &t taying to concentrate.
Durations of 1.5, 2, 2.5 and 3 minutes were pildted small sample and the 2-
minute recall practice duration was kept in themsudy.

e General instructions for performance. Many of the subjects who had low
scores had yielded performances which sounded lkerpractice sessions and,
in some cases, were as long as 3 minutes, wheaviiiage duration for the
particular 8-bar pieces performed from the begigrimthe end at slow tempo
was 30 seconds. In order to avoid such phenometizeimain study, written
and oral instructions were added, in which subjeetee instructed to view the
occasion as a real performance for an audiencéharsdreact to any mistakes in
the same manner they would if performing the piagaublic.

e Scoring system. Evaluation of pilot performances proved exceptigna
complex and it thus underwent several changes t@aggs A full account of the

scoring of pilot performances is given in the fallog section (2.3).

It is also worth noting that the audio recordingpafticipants was decided to be kept in
the main study, instead of being switched to vidawmrding, as it provided a balance
between the quality of recorded data and extentntdrference with participants’

performances: according to their responses in thestgpnnaire, the number of
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participants that were significantly distractedtbg fact they were being recorded was 2
for the tonal and 3 for the atonal pieces, out ttal of 13 participants. These numbers
suggested that, however small, there was stillrigroof students whose performance
results might have been skewed due to anxiety daogeecording; informal feedback
from all subjects in the pilot indicated that videscording would have been a more
severe distraction for even more participants. fhantity and quality of the data
extracted from audio recordings, on the other havak, in the vast majority of the
cases, sufficient for an effective analysis of hssualthough in some instances,
especially in the cases of extended silence inigritavas not possible to decipher with
certainty what the participant was doing, theseegasere extremely few and also
relatively easy interpreted using contextual infation.

2.2.3.4. Review of Solfége training

Perhaps the most important point emerging from piet was verifying and
understanding the process of teaching solfege wtt atlisicians. Because solfege, and
especially fixed-do solfege, is normally taughtctuldren who are just beginning to
learn music, one of the main questions was how niumb it would take adults to
adjust to this new way of, initially, reading musiBolfege lessons, practice session
recordings and questionnaire responses revealédaban all fields of learning, the
duration depends quite a lot on the individual; @useven students only four managed
to score above 50% in a solfege exam and even ttidsaot seem able to employ
solfege productively and incorporate it in theirmugisation strategy. This seems to
converge with hypotheses number 4 and 5:

4. When solfége is learnt at an early age it is mibedyl to be put in use in music

memorisation tasks.
5. When solfége is learnt at an early age it is misedyl to be effective when used

in music memorisation tasks.

A larger sample, however, both for the taught gmfeand for the solfege groups, is

definitely required in order to be able to reack dafinitive conclusions.
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In summary, the first hypothesis was not supporfesin the data; due to
methodological limitations, however, including iegdiate number of participants and
the lack of fit of the WM tests used to the purpadethe study, no definitive
conclusions were drawn regarding the link betweekl Wpan and performance on
music memorisation tasks. Hypotheses 2 and 3 coatdbe tested due to lack of
subjects using solfége; finally, transcription ende suggested that Hypotheses 4 and 5
could be tentatively considered valid, althoughaayér sample would be required in

order to draw safe conclusions.

2.2.4. Conclusions from the pilot

Although most hypotheses could not be efficiendgtéd, mainly due to the limited
number of participants but also due to several oulogical issues that emerged, the
pilot study achieved its first and most importamh:ait verified the validity of certain
procedures followed in the experiment and produeedback which changed certain

other procedures as well as materials used in Hie study.

Moreover, the complexity of the design and sevprablems that arose during the pilot
led to the decision of divide the main study irethseparate experiments:

e Experiment 1 employed a between-groups designidardo test the differences
in memorised performance scores produced by sofadenon-solfege subjects.

e Experiment 2 employed a repeated-measures designchwcompared
performance scores yielded by non-solfege subjbetore and after they
received solfege training.

e Experiment 3 included three sets of short experimall following a between-
groups design: each one was designed to test tiwidn of solfége syllables
and letter names in working memory by comparing oesation task

performance in solfége and non-solfége subjectpeively.
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2.3. Scoring the memorised performances

2.3.1. Preliminary marking

All six memorised performances of each participarniree for the tonal and three for
the atonal piece — were marked according to pitcluiracy, rhythm accuracy, structural
accuracy and fluency; the overall score was the stitme four scores. The marking
system used to evaluate pitch and rhythm accuras/ lvased on the verified scoring
algorithm provided by Gilman et al (2002) for asseg sight-reading performances,
with some modifications that were necessary in otdeaccommodate the lack of a set
metronome beat in the memorisation tasks of thislystas well as the inherent
differences between sight-reading and performamom fmemory; Segalowitz et al
(2001) have underlined the difficulties presented the quantitative scoring of
fragmentary performances. Following Gilman et alsdel, each note played received a
maximum of 1 point for pitch accuracy and 1 poiot fhythm accuracy. In case of
mistakes in pitch, 1/12 of a point was deductedefach semitone difference between
the note played and the original; in case of rhy#mors, 1/4 of a point was deducted
for each semiquaver difference between the notgedland the original note. Missing
notes received zero points and in the case of exdtas within the meter (e.g. two
quavers instead of a crotchet) the penalty was |leguthe penalty for the rhythmic
difference between the original note and the fifsthe extra notes (e.g. - 0.5 point in
the case of two quavers in the place of a crotchethe case of extra notes played to
fill in a memory gap, the notes were counted assimgs(zero points received) without
further penalties regarding rhythmic values. Bathgditch and for rhythm accuracy, the

minimum score for a note could be zero; no notddcreceive a negative score.

The structural accuracy score was initially destht® measure the percentage of the
bars remembered and played correctly and, as swashcalculated per total number of
bars in the piece. Each correct bar in the corpesition received 2 points, so the
maximum score for each piece was 16 points. If raecb bar was played in a wrong
position one point was deducted and if a wrong imaterms of harmonic structure or
contour, was played in order to substitute a fdegobar, again one point was deducted.
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If more than 8 bars were played, 0.5 points wedudied for each extra bar. In the case

of missing phrases or bars, 0.5 points were deddotesach crotchet missing.

The fluency score resulted from the need to disistybetween performances that were
equally accurate in pitch, rhythm and structure latl many differences in the ease
with which they had been delivered and, thus, viras designed as a measure of flow.
Fluency was calculated per total number of beatgeul, the beat in 4/4 metre being the
crotchet. Each beat played received one point amigwere deducted according to the

following table:

Type of error Penalty
Apoggiatura -0.25
Hesitation (momentary) -0.25
Instant correction of wrong note -0.5
Delay (between 0.5 — 1 beat) -0.5
Delay (more than 1 beat) -1
Repeat of a note/motif - 0.75 per note/motif
Restart a phrase/bar -0.75
Ritenuto/accelerando - 0.25 per beat

This version of the marking system did not penatisé of tune notes, following the

premise that tuning issues were irrelevant to mesaton competence. All four scores
(Pitch, Rhythm, Structure, Fluency) were added ngh @e result was converted to a
percentage score; thus, the maximum score a panticicould receive for a single

performance was 100 points.

2.3.2. Validation

After marking all performances using the aboveeaystthe highest, middle and lowest
ten scores for the tonal performances were selemtedthe respective performances
were entered in a CD in random order. The CD wasrgio two independent judges,

who were instructed to rank the performances fraghdst to lowest according to
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memorisation accuracy, disregarding any techniodl @aning issues. The two judges
were also given the original musical scores of pieces performed, as well as a
separate CD in which the pieces were performecdecthyron a piano.

Both independent judges were professional musicidesfirst was a female employed
as a cellist in a symphony orchestra and as a¢eacla conservatoire, with substantial
experience as a soloist; the second was a mateeaiployed in a symphony orchestra
and participating in numerous ensembles, perfornmmggic of various genres. Their
rankings were compared between them and with thigrrg resulting from the scoring
system, resulting in the following conclusions:

1. Both independent judges had effectively divided 8fe performances into 3
groups, which coincided with the highest, middlel dowest group resulting
from the scores’ ranking.

2. The only places where the two judges’ rankings weeatical were: T place
(most accurate performancel! place, 18 place (boundary of the high-score
group) and 39 place (least accurate performance). The scoreingsikalso
coincided with the judges’ decision fof 110" and 38" place, but not for B
place: the performance which the two judges hakle@s” was ranked Bin the
scoring system.

3. Feedback from the judges regarding the task wasittaas quite hard and, at
times, impossible for them to completely disregichnical and tuning issues.
They both stated that the effect of such issuesgemeral fluency issues was
particularly strong in poorest performances, while the most accurate
performances it had been easier to overlook flawsldlivery. Their musical
intuition dictated that such issues could not ahdugl not be overlooked
completely when assessing memorised performance.

4. They both felt that, apart from theé' 110" and 38 place, the rest of the
rankings were negotiable and stated they would tee roomfortable discussing
their rankings with peers, as is the norm in exams$ competitions. They both
stated that, in many cases, even after having reglgdistened to some of the
performances, they felt that the differences betwteem were not significant or
important, especially since they were asked notal@ into account general

‘musicality’ issues.
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5. The biggest variation in the 3 rankings was founthe lower half of the scores,
with the exception of the last place. As one of jildges put it: ‘When we're
bordering the realm of aleatoric music, it realbedn’t matter any more. They
are all just wrong.’

6. In a general discussion about scoring systems, joddes suggested that they
found it hard, if not impossible, to determine agé scoring system that can
predict and include every option. They pointed thait they expected a system
of marking memorised performances to have someegliesnin common with
systems of marking dictation tests, especially wlaeed with large-scale errors

such as transpositions of passages or metric errors

Taking these comments into account, as well asnithependent judges’ rankings, the
marking system was revised and enhanced so agltbrgisults which would be closer
to natural musical intuition and judgement. Theul@&sg marking system does not
purport to be an all-encompassing matrix for magkimemorised performance and the
resulting scores may always be subject to criticiamis very often the case with the
evaluation of music performance; it is, howevegyatem which can be used across a
set of performances in order to produce consigtesults and, as such, is suitable to
serve the purposes of the present study.

2.3.3. Final scoring system

The final system for evaluating memorised perforoesncomprised the same four
components as the initial marking system — pitatuescy, rhythm accuracy, structural
accuracy and fluency — with the following changts the complete set of specific

rules for each score see Appendix 4):
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2.3.3.1. Pitch accuracy

The main change in the calculation of the pitchusacy score (hereon Pitch Score, or

PS) was the treatment of ‘transposition errors’icwhled to the addition of the

following rules:

For single wrong notes with an octave differenaerfrthe original the penalty
equals - 2/12 points.

For transposed passages the penalty follows tineullac

E; x (N—1)
penalty =E; + - -

where g is the penalty for the first note (1/12 points detéd for each semitone
difference) and N is the total number of notehmtransposed passage.

In the case of erroneous repeated motifs, the prostinent examples found in
the left hand of the keyboard stimuli, the pen@tgalculated only for the first
motif.

In the case of erroneous doubled notes, a pergttglculated only for the first

note.

2.3.3.2. Rhythm accuracy

The main changes in the calculation of the rhyttooueacy score (hereon Rhythm

Score, or RS) were the following:

Extra notes do not incur a penalty in the rhythimrecbut rather in the Fluency
Score and, in the case of whole extra phrasesmpeeth) in the Structure Score.
Performing a motif using the correct notes but chiitg the positions of

rhythmic values (e.d 6 1 instead 0B n 6 ) incurs half the normal penalty.
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2.3.3.3. Structural accuracy

The main changes in the calculation of structukusacy score (hereon Structure
Score, or SS) were the following:
e In the case of extra notes performed as trialp#malty equals half the normal
penalty for extra beats.
e Performance of extra bars incurs a penalty of 5 @& extra bar.
e Performance of a wrong bar to fill in a memory gagurs a penalty of - 1.25
points for tonal pieces, while the penalty of - dings for atonal pieces is

retained.

2.3.3.4. Fluency

The main changes in the fluency score (FS) were:
e Each tempo change incurs a penalty of - 2 points.
e Performance of extra notes or motifs, which aresidet the metre, incurs a
penalty of - 0.75 points for each note/motif.
e Out of tune notes incur a penalty of - 0.25 eanlcdse of general tuning issues

in a performance, 1 point is deducted from the al&luency Score.

After calculating the four sub-scores, PS and R&waeded up to create the Technical
Score (TS). The three resulting scores, Technialjctural and Fluency were then

converted to percentage scores and added up aegdadihe following formulae:

For TS>72.87 %
Overall Score =TS + (8.95 x SS) + (0.05 x FS)

For TS <72.87 %
Overall Score = (2.25 x TS) + (6.75 x SS) + FS

100



Chapter 2 Methodology

The threshold of 72.87% for the TS was calculateidgia combination of individual
scores from the pilot and hypothetical scores:amerscores were used as ‘landmarks’,
outlining lower and upper thresholds for low, mediand high-performance groups.
Boundaries between low, medium and high-performajroeips were selected by the
researcher according to the independent judgeings and reports, as well as based
on the researcher's own intuitive musical judgemdractors in the individual
algorithms were determined by a trial-and-errorcpdure; the resulting Overall Scores
led to a ranking of participants which is consisteith musical intuition in the more
clear-cut cases of excellent or poor performana# ah the same time, provides a
reasonable scoring pattern in the more ambiguosescd he values of factors in the
formulae were selected so that the maximum Ov&watire a participant could obtain
was 1,000.
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3.0. Aims and hypotheses

Experiment 1 set out to examine the differencestha performance of music

memorisation tasks by solfége and non-solfége naunsic The general aims of the

experiment were:

1.

To examine the effects of solfege use on a musimanisation task performed
by adult musicians.
To examine the effects of solfege use on the lengrtretention of a pitch

sequence by adult musicians.

In order to achieve these aims, the following hizpses were tested:

1.

Musicians who know and use solféege will perform be&tr in a music
memorisation task than musicians who do not know ahdo not use solfége.
The direction of this hypothesis was dictated bg theoretical arguments
postulated in Chapters 1.2 and 1.3; solféege wasea®g to provide a

comparative advantage, owing to its dual verbalrandical nature.

The positive effect of solfege utilisation in the emorisation process will be
highest amongst singers and string players and lowetin piano players.

As solfege is inextricably linked to singing, theegence of polyphony and the
inability to sing more than one melodic line sinamkéously was expected to
eliminate the advantage offered by solfege in gi@himemorisation. The link
between solfége and singing was also expectedetteciproblems in its use by
wind players: as they are required to use theirtmathen performing on their
instruments, the practice of solfége was expeatecte¢ate a distraction, given

the restricted timeframe of the task.

The positive effect of solfege utilisation will bestronger for atonal music
than for tonal music.

Musicians are based on learnt patterns and prdyidosned expectations to
form the memory trace of a piece of music, theeetonal stimuli were expected
to be treated in similar ways by all subjects. Atlostimuli, on the other hand,

were expected to pose more challenges regardintgripaextraction and
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grouping; a positive effect of solfege was therefekpected to appear, due to

the categorisation possibilities solfege syllalgesvide (Chapter 1.2).

It is worth noting at this point that, although thigove hypotheses were the ones tested
for the purpose of the present study on solfege,qirantity and quality of the data
gathered during Experiment 1 were offered for mucbre extensive analysis of
numerous variables affecting performance. Althotigh beyond the scope of the thesis
to provide an exhaustive analysis of the parametfacdoring in memorisation
performance, the most notable findings will be régab and discussed during the course

of the analysis.

3.1. Method

3.1.1. Design

The study employed a between-groups design, widetimdependent variables:
1. Solfege usewith two levels: solfége and non-solfege.
2. Instrument performed, with four levels: voice, string, wind, piano.

3. Type of piece performed with two levels: tonal and atonal.

The above independent variables were the ones rexpla the process of testing the
directional hypotheses stated in the previous papdg during the course of data
analysis, the possible effect of other independemtables was explored, such as
absolute pitch possession, memorisation frequendyy@&morisation strategy employed
in the task. The dependent variable was the fiocaleson the memorised task. All
participants were asked to perform the task tworee with a tonal and one with an
atonal piece; the order in which they receivedpieees was quasi-random.

104



Chapter 3 Experiment 1

3.1.2. Participants

A total of 93 university music students particighte the study; 48 students came from
countries in which solfége is taught and used asgb#he music education system from
the beginning to tertiary education and 45 studemtsie from countries in which
solfege is not normally used in music educatiore 48 solfege participants included 19
singers, 8 string players, 7 wind players and Jhigis, whereas in the non-solfege
group there were 13 singers, 9 string players, @dwplayers and 16 pianists. All
instrumental performers had had over 8 years @bles on their respective instruments
at the time of their participation, whereas singemre required to have either a
minimum of 1 year of vocal lessons or a minimunbagfears of singing in a choir that
had classical repertoire and used sheet musicag@ef participants ranged from 17 to
57, the vast majority, however, (84.1% of the saiglewere below 23. All participants
volunteered for the experiment and signed the agieeonsent forms; in addition, 30

students from each group were offered course ciediheir participation.

3.1.3. Materials

Six 8-bar pieces, three tonal (T1, T2, T3) and éhatonal (Al, A2, A3), created
specifically for the experiment, were used as sliimu
1. T1 (Tonal piece): 4/4 rhythm, major key.
T2 (Tonal piece): 4/4 rhythm, minor key.
T3 (Tonal piece): 6/8 rhythm, major key.
Al (Atonal piece): 4/4 rhythm, no key signature.
A2 (Atonal piece): 4/4 rhythm, no key signature.

S

A3 (Atonal piece): 4/4 rhythm, no key signature.

Each tonal piece for vocalists, string and windypta had a total of 62 notes, whereas
the stimuli for keyboard instruments were 108 noesch atonal piece had a total of 41
notes for all vocal and instrumental groups aparnhfkeyboard instrument players, who
had 86 notes in each piece. The key in tonal pie@essdifferent according to the range

of the instrument/voice; atonal pieces for différanstruments/voices were also
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transposed in order to accommodate different rgngdthough this was not

accompanied by a key signature change.

The experiments took place in the practice roomilifies of the institutions the
participants were attending at the time. Apart fr@asonable and expected differences
between practice rooms in different universitidsy@ms had a piano or clavinova; in
most cases each participant was able to complete difierent sessions of the
experiment in the same practice room, but in sévestances that was not possible,
due to departmental timetabling. All participantsrerecorded using an Olympus VN-
6500 PC digital voice recorder with an additiondyr@pus ME15 electret condenser

microphone.

3.1.4. Procedure

An overview of the experimental design is providetow, followed by a detailed

description of all the separate steps:

1a. Practice and ¥ performance
Learn T1 (10 minutes) — Perform T1 from memory.

1b. Distraction (immediately after 1% performance)

Complete questionnaire for T1 and perform distaactasks (15 minutes).

1c. Recall practice and # performance (immediately after Distraction)

Practise T1 without score (2 minutes) — Perfornfrén memory.

2. Recall practice and 8 performance (24 hours later)
Practise T1 without score (2 minutes) — Perfornfréfin memory.

la, 1b and 1c happened consecutively, in a singgsian lasting approximately 45

minutes. Session 2 took place exactly 24 hours aétesion la. All four sessions (1a,b,c
and 2) were repeated for the Atonal piece. T1 edus the above description as an
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example; the subjects in the study were given amghination of two different pieces
between T1, T2 or T3 and Al, A2 or A3.

1a. Practice and ¥ performance (15 minutes)

I) Introduction and instructions

The participant was asked to come in the practoenrfacilities of the institution
they were attending at a pre-appointed time. Theyewprovided written, explicit
instructions in their native language and they wareouraged to ask any questions
they had regarding the procedure. Communicatiok fgace in the participants’
native language in all but six cases, in which Ehglvas used, spoken fluently by
both parties. Solfege participants were specifycaistructed to use solfege, for at
least part of the piece, in order to memorisevigreif they were not normally used

to employing this method.

i) Practice

The participant was given the piece and was lethepractice room alone for 10
minutes, with the instruction to memorise it astl@sss/he could, using any method
s/he wished. Solfege participants were encouragedé solfege for at least part of
the piece but, if they did not feel comfortablehwit, they were instructed to employ
solfege for up to 2 minutes in total. A clock wasible to the participants during the
10-minute period, for time-management purposes, #rad 10-minute practice

session was recorded.

iii) 1% performance

After 10 minutes the researcher entered the roook the music away and sat down
waiting for the participant to perform the piecenr memory. The instructions
stated that the participant was not to engage nfarm of discussion with the

researcher until after completing the memorisedopeiance of the piece. The
instructions for the performance itself stated ttat participant should regard the
occasion as a performance rather than a practgsose so that their actions and
reactions to any mistakes should be equivalenhtse when performing for an

audience. The subjects were encouraged to perfioenwhole excerpt on the first

attempt, without restarting if mistakes occurrédhowever, they felt they needed to
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start from the beginning, they were instructeddcsd with the least amount of time
possible between attempts. In the case of mistakdsomissions the subjects were
instructed to correct only if certain and otherwpgeceed with the rest of the piece.

The performance was recorded.

At the end of the performance, subjects receivedidack regarding their response
to the task. This was deemed necessary, espetiatlgses when the subject had
produced a poor performance; all subjects wereradsthat the desirable end
product of the task was not an impeccable memorsgdlt, but rather a consistent,
continuous performance, regardless of memorisajiality. Moreover, in order to

ensure that participants would not feel in any wedequate or incompetent as a
result of their participation in the task, the @m®her explained clearly that the aim
of the study was mainly to record the strategiesl @aachniques used for

memorisation, rather than to simply evaluate thenoresed performance.

1b. Distraction task (15 minutes)

After the end of the memorised performance, théigyant took a 15-minute ‘break’
from the task, during which s/he was instructedvoid rehearsing the piece mentally:
s/he was asked to complete a questionnaire andmpém relax, not thinking about the
music. The purpose of the questionnaire was toegattiormation about the subjects’
musical background, their memorisation habits dedr tviews on the task they had just
completed, while at the same time they were beisyatted from thinking about the
music. In the time remaining after the completidntlte questionnaire, they could
choose to solve short puzzles, provided by theareber, eat sweets, or engage in

conversation. The 15-minute period was not recarded

1c. Recall practice and ' performance (3-5 minutes)

i) Recall practice

At the end of 15 minutes the experimenter leftritiam and the subject was given 2
minutes to rehearse what they could remember flamptece, either physically or

mentally, or both, without being given the musiciag The 2-minute practice

session was recorded.
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i) 2" performance

After 2 minutes the researcher re-entered the raacdh sat down waiting for the
participant to perform the piece from memory. Tigructions were the same as for
the ' memorised performance: the participant was natrigage in any form of
discussion with the researcher until after comptethe performance, which should
not be viewed as a practice session regardingioeatd mistakes and general

comportment. The performance was recorded.

2. Recall practice and %' performance (3 minutes)

The second session was arranged to take placeyef4dchours after the first. During
the second session, the participant was left alon@ minutes in the practice room,
instructed to rehearse what they could remembaen filee piece, either physically or
mentally, or both, without being given the musiaiag At the end of 2 minutes, the
researcher entered the room and the subject pextbthe piece from memory. Both the

2-minute practice session and the performance reemded.

3.1.5. Transcription and scoring

All six performances of each participant (three roesed performances for the tonal
and three for the atonal piece) were transcribeth fthe voice recorder to manuscript
paper and then marked according to pitch accuraecythm accuracy, structural
accuracy and fluency.The pitch and rhythm scores were added up andectesn
overall ‘technical accuracy score’ for the pieaghysequently, all three scores, technical,
structure and fluency, were converted in percensagees and the resulting scores were
added up using two different algorithms. For a itldladescription of the scoring

system see Chapter 2.3.3 and Appendix 4.

The 10-minute private practice sessions, two feahgaarticipant, were transcribed into
descriptive text: the portions of music practiseeravlisted, reporting repeats and any

! An explanation about the decision to produce haritten transcriptions is given in section 2.2.1.5.
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verbal comments; a sample transcription of a pracession of a non-solfége pianist is

guoted below:

Prima vista (30”). b.1 right hand 3t, both handsbi2 both hands 3t, b.1-2 3t, b. 4
both hands several t, b.1-4, b.4 several t, b.Jl6th hands, b.5 several t. (5)
Continues using the same system to the end. Tlags pl.1-8 several t. (attempts
from memory?) — whenever a mistake occurs play# figind separately for that

bar and then joins both hands. Has played it ovestrt—finish at 10°.

The same method of transcription was used forloe2-minute recall sessions for each
piece. The lack of visual element renders the trgpisons of these practice sessions
somewhat incomplete in cases where the subjectgedga mental practice, but these
were extremely few (see Chapter 3.3). For thissttite only finding used from the
transcriptions of the practice sessions was thepanison between the strategies the
subjects had actually used to memorise the musiogithe 10-minute practice session
and the strategy they had stated they used inuéstignnaire.

3.2. Preliminary analysis

3.2.1. Comparability of the pieces

The first fact that needed to be established ireotd proceed with data analysis was
that the memorised performances of the three tstimalli — T1, T2 and T3 — could be

analysed as one single group; the same shouldubefdr the three atonal stimuli Al,

A2 and A3. The three pieces in each group had dheegechnical characteristics and
had been piloted extensively, both by musiciansisgras independent judges and by
participants who actually practised and perfornteglgieces in an experimental setting
in the pilot study (Chapter 2.2). In order to acoomdate differences in instrumental
and vocal range, the key of each piece varied a¢cnasruments; every instrumental and

vocal version was screened by an independent iofed musician and an

2 A key to the transcription as well as some additlsample transcriptions are provided in Apperdix
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independent student of the respective instrumenvaice before it was given to
participants in the experiment setting; alteratioiese made wherever necessary. Thus,
the pieces that were finally used in the experinvegrte considered to be equivalent in

terms of both technical and memorisation difficulty

After the completion of the experiment and the nraykof performances, the pieces
were compared again in terms of the performanadtsethey had yielded; in order to
determine whether it would be plausible to pool theee tonal and the three atonal
pieces in two unified groups. In order to establisis, the following null hypotheses
were tested for both the tonal and the atonal group
[ Distribution and variance are equal across perfanaascores for T1, T2 and
T3.
[ Distribution and variance are equal across perfaomacores for A1, A2 and
A3.

The above hypotheses were tested separately forithe™ and ¥ memorised
performances. Furthermore, data from the questicmsaegarding the pieces’ level of
difficulty were examined in order to estimate tleenparability of the pieces according

to the performers’ own musical intuition.

3.2.1.1. Tonal stimuli

Normality tests for T1, T2 and T3 (Table 3.1) shdwthat for the T and 2d
performance, T2 and T3 scores had significantly-mamal distributions, whereas T1
appeared normal at p > .05. Data from tliep@rformance showed significant normality
for both T1 and T3; it should be noted, howeveat tthese data were considerably
fewer due to many participants failing to attenditinext-day session. Although these
results suggested that T1 produced a differenepatif results, the common features of
the distributions, such as prominent bimodality aredative skewness for all three
pieces across performances, justified further itigason of the pieces’ comparability.
The difference, however, between T1 and the otwer tbnal pieces was noted and

taken into account throughout the rest of the a®ayin most cases, two results will be
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reported, the first comparing scores across theetpieces and the second comparing

T1 scores with T2 and T3 scores grouped.

Tests of Normality

Tonal piece tested Kolmogorov-Smirno® Shapiro-Wilk

Statistic | Df | Sig. | Statistic| df | Sig.

1% performance: T1 .121| 30 .200 .945( 30| .123
Total score T2 .168| 30| .030 .846| 30| .001
T3 .A77| 30| .017 .908| 30| .013

2" performance: T1 .122| 30| .200 .937| 30| .077
Total score T2 .182| 30| .013 .868| 30| .002
T3 .204] 30| .003 .866| 30| .001

3 performance: T1 .154| 21| .200 .925] 21| .109
Total score T2 174) 20| .114 .879| 20| .017
T3 .152| 20| .200 .920| 20| .098

a. Lilliefors Significance Correction
*, This is a lower bound of the true significance.

Table 3.1:Normality tests for T1, T2 and T3 in performanceg &nd 3.

1% performance: The Kruskal-Wallis test for the distribution of see of the T
performance across the three pieces was foundigoifisant, p > .05, suggesting that
the null hypothesis was valid and the piece peréatmid not have a significant effect
on the performance score. Further grouping of twges in (T1) and (T2, T3) did not
change the results, as Mann-Whitney, Kolmogorov¢8aov Z, Wald-Wolfowitz runs
as well as the Kruskal-Wallis tests were all namsicant at p > .05, suggesting that
the group in which the piece belonged did not haveignificant effect on the
distribution of the performance scores, either. iHgdivided the scores in two groups
also made testing the variability of scores in egobup possible: the Moses test of
Extreme Reactions was applied and was found nanifisignt at p > .05, providing

further support for the null hypothesis.

2" performance: The Kruskal-Wallis test for the distribution of see of the ¥
performance across the three pieces was foundigaifisant, p > .05, suggesting that

the null hypothesis was valid. In testing the pseae groups (T1 against T2,3), the
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Mann-Whitney, Kolmogorov-Smirnov Z and the Krusk@kllis tests were non-

significant at p > .05; only the Wald-Wolfowitz reimvas found significant at p < 0.05,
although the value was very close to the thresbbldo significance (p = 0.047). The
Moses Extreme Reactions test was also non-signtfiaap > 0.5, suggesting that the

variance of scores was equal between the two groups

3 performance: The Kruskal-Wallis test for the distribution of see of the ]
performance across the three pieces was foundigaifisant, p > .05, suggesting that
in the 3% performance the piece performed did not have aifsignt effect on the
performance score, either. Mann-Whitney, Kolmoge®&mirnov Z, Wald-Wolfowitz
runs as well as the Kruskal-Wallis tests all fodhdt the distribution of performance
scores was the same between T1 and T2,3 (p >tAébMoses Extreme Reactions test
was also non-significant (p > 0.5), supporting thil hypothesis that the piece group

did not have a significant effect on the rangeaf@mance scores.

In order to seek further validation, MANOVA was @lgerformed on the data for T1,
T2 and T3, for all three performances, under trempse that the Pillai-Bartlett trace
and, to a lesser extent, Wilks’ lambda and Hotgliintrace are relatively robust to
violations of multivariate normality and homogegedf covariance matrices, when
sample sizes are equal (Field, 2009). For our dathas been established that the
univariate normality condition has been violatdugrefore multivariate normality is
also violated; Box’s test is significant (p < .0Showing that the homogeneity
assumption has been violated as well, althougramee according to piece performed
for each performance separately is equal, F(2,58)04,ns for the ' performance,
F(2, 58) = 0.02ns for the 2nd performance and F(2, 58) = 0.4§, for the 3rd
performance. Since, however, sample sizes are dqualll three pieces (N=30), the
Pillai-Bartlett trace was used as tentative suppartthe comparability of the three
pieces: using Pillai’s trace, there was no sigaiiiceffect of the piece performed on the
scores of the®i, 2" and & performance, V = 0.18, F(6, 114) = 1.91, p > .05.
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Questionnaire data

There were two questions in the questionnaire,rgteethe participants during the 15-
minute distraction interval, regarding the diffigulof the performed piece: the first
asked them to rate the piece in terms of techmidhtulty and the second in terms of
memorisation difficulty. In both questions the jpapant was asked to select one of the
following answers: a)Very difficult, b)Difficult, Neither difficult nor easy, d)Easy,
e)Very easy. Participant responses are summairzédhles 3.2 and 3.3:

Participant responses regarding the technical diffiulty of the piece

Very Difficult  Neither difficult Easy Very
Responsq. gifficult nor easy easy
Piece tested
T1 0 2 7 13 8
T2 0 1 8 12 9
T3 1 4 7 13 5

Table 3.2:Participant responses regarding the tonal pieeesrical difficulty. N=30 for each piece.

Participant responses regarding the memorisation diculty of the piece

Very Difficult  Neither difficult Easy Very
Responsq. gjifficult nor easy easy
Piece tested
T1 0 12 13 5 0
T2 1 7 13 7 1
T3 1 8 14 6 0

Table 3.3:Participant responses regarding the tonal pieceshanisation difficulty. N=30 for T1 and

N=29 for T2 and T3, due to missing answers.

The three pieces elicited almost identical respomegarding technical difficulty, with

the vast majority of the participants stating thla¢ pieces were between average

(neither difficult nor easy) and very easy. Mematisn difficulty ratings seem slightly

more consistent with trends in performance sconethat T1 tested slightly differently

than T2 and T3, receiving the most responses ffficdt’ and the least responses for
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‘easy’ or ‘very easy’; this is also consistent witte fact that T1 produced the lowest
mean scores across all three performances. Theiasson, however, between the piece
tested and the participant’s response was foube toon-significant, ¥* (8) = 5.68, p >
.05.

Tonal Stimuli — Summary

The combination of analysis of the questionnairéa dand the musical intuition of
several musicians, who participated in the scregnfrthe pieces, as well as the reports
of the two independent judges, suggest that treettonal pieces used in the experiment
could be viewed as equivalent and analysed fursesuch. Statistical analysis of the
performance scores generally supports this coursetmn; normality tests, however,
give some cause for concern that that there coelld Bifference between performance
results produced by T1 and the other two piecepeaally in the I and 2¢
performance. For this reason, the analyses vyielsliagstically significant results using
T1, T2 and T3 results grouped together will be dewhecked with results from
analyses using T1 results separately. The lattéinadehas the obvious disadvantage of
comparing very different sample sizes, since Tiltesare exactly half of T2 and T3
results pooled together; under the circumstancesyeher, this comparison was
considered preferable to disregarding the possibtanaly altogether and, in any case,
results will be always looked at in context andirigkinto account each method’s

shortcomings.

3.2.1.2. Atonal stimuli

Normality tests for Al, A2 and A3 (Table 3.4) shaléhat for the T and 2°
performances all three pieces were significantlg-normal, p < 0.05, while for thé3
performance Al was found normal at p > 0.05, whewa and A3 were found non-
normal; again, it should be noted that th& @rformance results were considerably
fewer due to participants failing to attend the kession (next day) of the experiment.
Normality was checked using the Shapiro-Wilk (S-W¥¥t statistic rather than the

Kolmogorov-Smirnov (K-S) in this case, where resuitom the two tests were in
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conflict, for two reasons: the first was that th&\Sis considered more powerful to
deviations from normality (Field, 2009); the secavak that visual representation of the
data distribution supported the notion of non-ndlyndistributed data: performance
scores’ distributions from all three pieces, acrpegormances, had similar features,

being notably platykurtic, negatively skewed amdimiost cases, heavy-tailed.

Tests of Normality

Atonal piece tested Kolmogorov-Smirno Shapiro-Wilk

Statistic| df | Sig. | Statistic| df | Sig.

1% performance: Al .120| 34| .200 .906| 34| .007
Total score A2 .190| 29 .009 .871| 29| .002
A3 .161| 29 .053 .897| 29| .008

2 performance: Al .142| 34 .082 .922] 34| .019
Total score A2 .163| 29 .048 917( 29| .026
A3 .158| 29 .063 .909| 29| .016

3 performance: Al .158( 18| .200 .898| 18| .053
Total score A2 .189| 16| .129 .876| 16| .033
A3 .130] 19| .200 .899| 19| .046

a. Lilliefors Significance Correction
*, This is a lower bound of the true significance.

Table 3.4:Normality tests for A1, A2 and A3 in performanceland 3.

The Kruskal-Wallis test for the distribution of ses of the T performance of Al, A2

and A3 was found non-significant, p > .05, supmgrtihe null hypothesis that the piece
performed did not have a significant effect on therformance score. The null
hypothesis was also supported for tfi& @nd the % performance of the three atonal
pieces, suggesting that the three pieces yieldedlasi performance scores in all

occasions.

Using Pillai’s trace, there was no significant effef piece tested on thé' 12" and &'
performance scores, V = 0.08, F (6, 98) = 0.63; @5; it should be noted that
MANOVA tests were used only as tentative suppastibe multivariate normality as

well as the homogeneity assumptions were violated.
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Questionnaire data

Participants received the same two questions ®mtbnal piece as for the tonal piece,
regarding the technical and the memorisation difficof the performed piece, with the
same selection of possible answers. Participamgoreses for the atonal pieces are

summarized in Tables 3.5 and 3.6:

Participant responses regarding the technical diffiulty of the piece
. Very Difficult  Neither difficult Easy Very
eSPonse - difficult nor easy easy

Piece tested

Al 1 4 12 14 3
A2 2 5 6 11 5
A3 0 5 8 7 9

Table 3.5:Participant responses regarding the atonal pieeekhical difficulty. N=34 for A1 and N=29
for A2 and A3.

Participant responses regarding the memorisation diculty of the piece

Very Difficult ~ Neither difficult Easy Very
Responsq. gifficult nor easy easy
Piece tested
Al 6 12 13 2 1
A2 5 15 7 1 1
A3 3 8 13 4 1

Table 36: Participant responses regarding the atonal pienesiorisation difficulty. N=34 for A1 and
N=29 for A2 and A3.

As in the tonal pieces, the three atonal piecesit&li almost identical responses
regarding technical difficulty, with the vast magrof the participants stating that the
pieces were between average (neither difficult eemy) and very easy. Memorisation

difficulty ratings were slightly more varied, witA2 featuring the least responses
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between ‘neither difficult nor easy’ and ‘very eaagd A3 the least responses between
‘very difficult’ and ‘difficult’, suggesting that @rticipants may have found A2 the most
challenging piece to memorise and A3 the easib#;i$ also consistent with the fact
that A2 yielded the lowest and A3 the highest mseores in all three performances.
The association, however, between the piece testddhe participant’s response was

found to be non significantf (8) = 7.06, p > .05.
Atonal stimuli — Summary

The combination of statistical analysis of the perfance scores and of the
questionnaire data, as well as the musical intuitibthe musicians who participated in
the screening process and of the two independegeg) suggest that the three atonal

pieces used in the experiment could be viewed awa&gnt and analysed as such.

3.2.1.3. Comparability of the pieces: Summary

Analysis showed that T1, T2, T3 and Al, A2, A3 denpooled together in a single
Tonal and a single Atonal group respectively, sat their corresponding performance
results are studied and analysed further in thesapg; from now on every reference to
the ‘Tonal’ or the ‘Atonal’ piece will imply any @nof the three pieces included in the
group, unless a specification is made. A possiesenmvation regarding T1 results was
noted and will be taken in consideration in furthealysis.
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3.2.2. Comparability of different student groups

After establishing that performance scores from ttiree tonal and the three atonal
pieces could be analysed in two unified groups,dparability of student groups

coming from different institutions needed to beakteal. As described in section 3.1.2, a
total of 93 participants were tested for the expent: of those, 48 students came from
countries in which solfége is taught and 45 stusleatme from countries where solfege

is not normally used.

The 48 solfege participants were further dividethiree groups:
I. 34 participants were tested in University la, courdta, which was also their
country of origin.
II. 7 participants were tested in University 1b, coyrtb, which was also their
country of origin.
lll. 7 participants were tested in University 1c, coyric; 5 of them came from 1c,
and the other 2 came from different countries each.

The 45 non-solfege participants were further digidethree groups as well:
l. 30 participants were tested in University 2a, cou@t: 28 of them came from
2a and the other 2 participants were from a diffeceuntry.
II. 11 participants were tested in University 2b, cou@b, which was also their
country of origin.
[ll. 4 participants were tested in University 1c, coyritc; 3 of them came from
country 2c and 1 participant was from another cgunt

In summary, experiments were run in 5 differenttitngons: 3 were in solfege

countries and 2 in non-solfége countries. Institutic was in a solfége country, but was
used to test both solfége and non-solfége partitipahe non-solfége participants
tested in 1c were attending the institution on &pohange programme and had not
attended any solfege classes. Other solfege pmatits tested in country 1c but not
from 1c were regular students in the institutidme same was true for the two non-

solfege participants in country 2a who did not cdroen 2a.
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3.2.2.1. Comparison Groups

The comparison of participant groups was made doogrto the institution in which
they were tested, for two main reasons:
a. Numbers in different ethnic groups were too smalljustify meaningful
comparisons.
b. Since all students tested in a single institutiawl lbeen accepted and were
attending that institution as students, it was mered plausible to accept that
there were common features in those subjects’ rauskdlls, both academic

and practical.

Subsequently, the participants in tH&r®n-solfége group, who were tested in a solfége
country (1c) but were exchange students from atbantries, were put together in one
group: 2c. Thus, the results of 6 different courgrgups were compared: la, 1b, 1c
(solfege participants) and 2a, 2b and 2c (non-gelfparticipants). It is evident that
certain groups in the comparison, especially 2e ligely to be problematic in terms of
homogeneity, as they include participants comimgnfdifferent backgrounds; for this
reason, the following analysis was necessary ierora determine whether or not the

country group in itself affected performance scores

3.2.2.2. Problems in the comparison

The most obvious problem concerning the comparigbithe six different country

groups was the large variation of sample sizegoéts the solfege and the non-solfege
groups consist of three subgroups with a differemnber of participants: 34, 7 and 7
subjects for the solfege and 30, 11 and 4 subjiectshe non-solféege group. This
problem was a result of practical limitations ofetistudy: students in different
universities responded in very different and unpmtedle ways to the call for

participants and thus the recruitment of equal renmbf participants across universities

was deemed impossible, mainly due to time resbnsti
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The problem of disproportionate sample sizes waghdu exacerbated by a
methodological flaw that arose during testing, rdga the proportion of AP

possession within different country groups. AP pss®n was monitored by a relevant
question in the questionnaire (see Appendix 3)wtoch there were three possible
answers: ‘Yes’, ‘No’ and ‘I don’t know’. Out of thietal 93 participants, 10 selected the
third option; although answers in the questionrsawere not checked on the spot, 5 of
the 10 participants who selected the ‘I don’t knoaviswer enquired about further
clarifications regarding AP possession. As this pgesm@d during the 15-minute

distraction task, in all 5 cases the researcherps@®pted to explain the concept of AP
and the conversation that ensued invariably led¢eidain conclusions regarding the
particular participants’ AP skills. These concluscare, of course, only tentative and
cannot compare to results from thorough testingAi®r on the other hand, the same is
probably true for the self-assessment of AP skiie participants provided by

answering the relevant question in the questioenalts such, this brief informal

investigation led to 4 of the 5 participants bemegorted as ‘unlikely to possess AP’:
these participants were unsure of the distinctietvben AP and good relative pitch and
failed to identify with precision 5 random tonesyed for them on the piano. One of
the participants was reported as ‘likely to poss&BS as she identified with 100%

precision 5 tones played for her on the piano ambnted she could identify pitches
produced from other instruments ‘most of the timbsf not always’. Absolute

frequencies regarding AP possession for all 93gdpaints are provided in Table 3.7:

AP possession TOTAL NON-SOLFEGE SOLFEGE
Non-AP 75 37 38
AP 9 3 6
Unsure 5 2 3
Likely AP 1 0 1
Unlikely AP 4 3 1

Table 3.7: Participant data regarding AP possession, deriveah fjuestionnaires and informal testing.
Participants who answered ‘No’ to the question Y have absolute pitch?’ are listed as non-AP;
participants who answered ‘Yes’ are listed as AR #iose who answered ‘I don't know’ are listed as
Unsure, Likely AP or Unlikely AP, depending on whet or not they sought further clarifications from
the researcher regarding AP.
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If the groups of AP and Likely AP participants gaoled together and the same is done
for the non-AP and Unlikely AP groups, an imbalamteAP possessors is observed
between the solfege and the non-solfége grougheisolfége group there is a total of 7
AP participants (14.58%), against only 3 AP possss$6.38%) in the non-solfege
group. The occurrence of AP in the general poputais normally around 1 in 10,000
(Ward, 1999), although this number increases tao 1,500 amongst amateur student
musicians (Profita and Bidder, 1998) and is higtsabngst professional musicians,
reaching up to 15% (Baharloo et al, 1998; Gregeeseth, 1999; Gregersen et al, 2000).
According to these facts, the occurrence of 14.5%8%e solféege group, although still
high, especially in relation to the non-solfége ugrois within previously reported
levels. The effect of AP possession on the qualftghe memorised performance is
going to be investigated separately in the follgvigections; what needs to be
examined further at this point is the distribut@mAP participants in solfége countries.
Country l1a included 3 AP participants, accountiog 8.82% of the total number of
participants from 1a; country 1c included 1 AP grant, accounting for 14.29% of
the total amount of 1c participants and country ifibluded 3 AP participants,
accounting for 42.86% of the total amount of lctipgrants. Even when taking the
small total number of subjects from 1c into congatien, the percentage is extremely
high; the fact that 3 out of 7 participants frone ttame country happened to be AP
possessors was considered extremely unlikely tarbeutcome of random sampling

procedures.

Once again, this was believed to be a result afaatgal issue, which could not have
been foreseen or avoided: all collaborating membérstaff, in all 6 countries, had
been specifically asked to approach the studentstivbught would be most willing to
participate in the research, regardless of aurpkediormance skills level; the researcher
was entirely responsible for the final screeningaiticipants (for the selection criteria
for participants see Chapter 3.1.2). In all casgslie one of 1b, the teachers involved
in participant recruitment acted as instructed aetbcted subjects based on their
interest in participating, reliability and punctiigl the lecturer in 1b, however, who
was also responsible for teaching aural skillshat tUniversity, apparently selected
students based on their excellence in aural anbrpeance skills, choosing the best
students. This was supported both from the higliweace of AP in the group (3 out of
7 students) and from the fact that a large pergentd the students approached (5 out
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of 11 students) failed either to show up or evdrageappointment for the experiment;
this suggested that reliability and desire to pgoéte in the research was unlikely to

have been a crucial selection criterion.

Despite the fact that AP possession does not redgsaffect performance in music
memorisation tasks, the inequality of AP subjeasmMeen the solféege and the non-
solfege groups was taken into consideration in follewing analyses. The easiest
solution in order to prevent a potential bias i@ tbsults would be to analyse separately
the data from the 10 AP participants from both gsuthroughout the study; the
elimination of AP subjects, however, would resalthe further diminution of group 1b
to 4 participants, which would augment the alrepdgminent problem of unequal
sample sizes. For this reason, AP data were armhhyst® separately and in conjunction
with non-AP data for the countries’ comparison #melresults were compared in order
to determine the overall significance of AP possessn memorised performance for

subsequent analyses.

3.2.2.3. Comparison hypotheses

In order to establish the comparability of the doyngroups, the following null
hypotheses needed to be tested:
Distribution and variance are equal across perfaomascores for the following
country groups, performances, and pieces:
| 1a, 1b, 1c — Tonal Piece’ performance
1a, 1b, 1c — Tonal Piece®performance
1a, 1b, 1c — Atonal Piece® performance
1a, 1b, 1c — Atonal Piece!“performance
2a, 2b, 2c — Tonal Piece® performance
2a, 2b, 2c — Tonal Piece“Derformance

2a, 2b, 2c — Atonal Pieces' performance

o o o o o o .

2a, 2b, 2c — Atonal Piece!%performance
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Performance results from th& Performance were not used in this analysis dubeo
large number of missing cases; if the null hypotsesere supported for the first two
performances, it was considered it would hold ehopigpof that the 6 country groups

were similar.

3.2.2.4. Comparison results: Tonal pieces

Shapiro-Wilk test statistics showed that the asgiomf normality within country and
AP possession groups had been violated for mosgrsups in the % and 2¢
performance of the Tonal Piece, so non-paramedststwere selected to compare the
distributions and variances across these groups.Krhskal-Wallis test statistic was
found non-significant at p > .05 for all the sokegnd the non-solfege country groups
in the £ and 2° performances of the Tonal Piece, supporting tHehypothesis that
the distribution of memorised performance scores thha same across groups. Multiple
regression analysis was also carried out in bathstiifege and the non-solfége groups
in order to seek further support for the null hyyests.

Solfege countries: 1a, 1b, 1c

Multiple regression analysis was carried for tifeahd 29 performance scores, using
the change of country and AP possession as preslictothe same block. As the
residuals plots showed cause for concern regatuteyoscedasticity, a robust version
of multiple regression was used, applying the doapsmethod. Results are shown in
Tables 3.8 and 3.9:
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Tonal piece, ' performance: Solfége group

B SER B
Constant 604.58 49.078
lavs. 1b -120.51 104.877 -.I5
lavs. 1c 178.23 106.007 24
Non-AP vs. AP 58.91 148.073 .068
Non-AP vs. unsure 216.96 109.210 25

Note: R = .14, p> .05
*p > .05 (2-tailed)ns
** p < .05 (2-tailed)s

a. Bootstrapped values. Two-tailed significancepfar also based on bootstrap results.

Table 3.8: Multiple regression statistics for thé' inemorised performance of the Tonal Piece by the
solfége groups. For country groups, country la efassen as the base predictor to which the other 2
were compared, as it was the country with the Etrgember of participants. For AP possession groups

the non-AP group was compared to AP possessorpattidipants who had selected the ‘I don’t know’

answer.
Tonal piece, 2nd performance: Solfege group
B SEB B

Constant 698.33 45.57
lavs. 1b - 317.85 115.10 - .38
lavs. 1c 14.95 182.38 .02
Non-AP vs. AP -50.81 202.94 - .06
Non-AP vs. unsure 219.35 119.43 24

Note: R=.16, p> .05
*p > .05 (2-tailed)ns

** p < .05 (2-tailed)s
a. Bootstrapped values. Two-tailed significancepfir also based on bootstrap results.

Table 3.9: Multiple regression statistics for thd%2nemorised performance of the Tonal Piece by the

solfége groups. The same baseline predictors weysen for comparisons between country groups and

AP possessor groups.
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The overall effect of the predictors on performarsmres appeared to be non-
significant for both the tand the 2 performance of the Tonal Piece?(R.14 for the

1% and R = .16 for the 2 performance, both atp.05,ns). Within this non-significant
result, however, the standardizBdvalues of the AP groups seem to be significant:
belonging in the ‘Uncertain’ group (participants avianswered they did not know
whether they had AP or not) seemed to affect perdoice results in both thé' and the
2"Y memorised performance. Considering that the abesahwmber of participants
belonging in the ‘Uncertain’ group was just 3 fbetsolfege group (see Table 3.7) and
that, for the I performance, the bootstrapped confidence inteveaindaries for the
Uncertain group’$ crossed zero, this finding was attributed to aelyerror and no
action was taken to rectify the situation. A sigraht f value was also found for the
difference between countries 1a and 1b, but onyte 2% performance: this, too, was
rejected as a Type | error, given the non-significzalue of B and the fact that this
effect did not appear in both performances. Ifdigmificant value off between 1a and
1b had been accompanied by a significant valyefof the difference between non-AP
and AP groups, it would have raised some concernelation to the aforementioned
disproportionate AP occurrence in 1b; this, howewas not the case so 1b subjects’

performance did not appear affected by AP possessampared to la.

Non-solfege countries: 2a, 2b, 2c

Multiple regression analysis was carried for tifeahd 29 performance scores of the
non-solfége group, again using the change of cguartd AP possession as predictors
in the same block. The residuals plots showed tolate the assumption of
homoscedasticity in this case too, so the bootstrafnod was used again. Results are
shown in Tables 3.10 and 3.11:
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Tonal piece, ' performance: Non-solfége group

B SER B
Constant 629.39 61.69
2avs. 2b 104.99 90.81 16
2avs. 2c 123.24 142.74 I3
Non-AP vs. AP 241.30 121.94 22
Non-AP vs. unsure - 78.78 116.24 -.09

Note: R = .09, p> .05
*p > .05 (2-tailed)ns
**p <.05 (2-tailed)s

a. Bootstrapped values. Two-tailed significanceBfr also based on bootstrap results.

Table 3.10: Multiple regression statistics for thé' inemorised performance of the Tonal Piece by the
non-solfége groups. For country groups, countryaa chosen as the base predictor to which the 8ther
were compared, as it was the country with the Etrgember of participants. For AP possession groups

the non-AP group was compared to AP possessorpattidipants who had selected the ‘I don’t know’

answer.
Tonal piece, 2nd performance: Non-solfege group
B SE B B

Constant 676.44 55.25

2avs. 2b 7.71 90.31 .01
2avs. 2c 76.92 129.14 .09
Non-AP vs. AP 217.99 125.93 2%
Non-AP vs. unsure -54.14 103.72 - .07

Note: R = .07, p> .05
*p > .05 (2-tailed)ns
**p <.05 (2-tailed)s

a. Bootstrapped values. Two-tailed significancepfar also based on bootstrap results.

Table 3.11: Multiple regression statistics for th8%2nmemorised performance of the Tonal Piece by the
non-solfége groups. The same baseline predictors alesen for comparisons between country groups

and AP possessor groups.
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As demonstrated in the non-significant values dfrRTables 3.10 and 3.11 {R .09

for the ' and R = .07 for the & performance, both at .05, ns) country and AP

group are not reliable predictors for memorisedgrarance scores. Within these non-
significant results, AP possession produced sicguifip-values for both performances:
when participants belong to the AP group, theifqrerance result was more likely to
be different than when they belong to the non-ARhan when they did not know
whether or not they possess AP. For both perforegnbowever, the confidence
intervals for the difference between the AP and tio®m-AP group crossed zero;
confidence intervals along with the discordancenvi#f values led to the conclusion
that, as in the case of the solfege group, thidirion could also be attributed to a Type |

error.

General summary

The changes in ®alues for both performances were non-significariigth the solfége
and the non-solfege groups, indicating that thealleffect of the predictors of country
and AP on the score was extremely small. Findingggesting that AP possessors
performed differently than non-AP possessors innibie-solfege group were attributed

to a Type | error.

3.2.2.5. Comparison results: Atonal pieces

Shapiro-Wilk test statistics showed that the asgiommf normality within country and
AP possession groups had been violated for mosgrsups in the % and ¢
performance of the Atonal Piece, so non-parametsts were selected to compare the
distributions and variances across these groups. iitiependent samples Kruskal-
Walllis test statistics were found non significahpa> .05 for both the solfege and the
non-solfége country groups, supporting the null digpsis that the distribution of
performance scores was the same across groupsplukgression analysis was also
carried out separately for the solfege and theswfege group, in order to seek further

validation for the null hypothesis.

Solfege group: 1a, 1b, 1c
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The plot of standardized residuals against stamdkatdoredicted values suggested that
the homoscedasticity assumption had been violdtedefore multiple regression was

carried out on bootstrap samples. Results are sioWwables 3.12 and 3.13:

Atonal piece, f' performance: Solfége group

B SEPR B
Constant 668.40 42.34
lavs. 1b - 28.78 110.53 -.04
lavs. 1c 111.35 104.18 T
Non-AP vs. AP 127.92 131.84 IS5
Non-AP vs. unsure 130.95 118.87 7

Note: R =.09, p> .05
*p > .05 (2-tailed)ns
a. Bootstrapped values. Two-tailed significanceBfar also based on bootstrap results.

Table 3.12:Multiple regression statistics for thé' lnemorised performance of the Atonal Piece by the
solfége groups. Comparison groups are the samethe regression model for the performance resfilts
the Tonal Piece.

Atonal piece, 2nd performance: Solfege group

B SE B B
Constant 686.31 43.82
lavs. 1b -164.33 130.88 -.23
lavs. 1c 24.33 99.85 .04
Non-AP vs. AP - 88.86 150.08 -.10
Non-AP vs. unsure 208.38 95.05 2T

Note: R=.10, p> .05

*p > .05 (2-tailed)ns

**p <.05 (2-tailed)s

a. Bootstrapped values. Two-tailed significanceBfi also based on bootstrap results.

Table 3.13:Multiple regression statistics for th&Znemorised performance of the Atonal Piece by the

solfége groups.

129



Chapter 3 Experiment 1

The values of Rfor both performances are non significant, whicpparted the null
hypothesis that neither country nor AP possessiongghad a significant effect on
memorised performance scores. Within this non-8gamt result, participants who had
selected the ‘I don’t know’ response in the relévaR question, seemed to produce
significantly different results than their non-ARdatheir AP counterparts; considering

the non-significant Rvalue, this finding was attributed to a Type | erro

Non-solfege countries: 2a, 2b, 2c

Multiple regression analysis was carried for tifeahd 29 performance scores of the
non-solfége group, again using the change of cguartd AP possession as predictors
in the same block. The residuals plots showed tolate the assumption of
homoscedasticity in this case too, so the bootstrafnod was used again. Results are
shown in Tables 3.14 and 3.15:

Atonal piece, f' performance: Non-solfége group

B SEPR B
Constant 754.94 50.16
2avs. 2b - 34.64 91.23 -.062
2avs. 2c 23.43 111.18 .028
Non-AP vs. AP 212.91 70.72 22
Non-AP vs. unsure 28.71 95.66 .04

Note: R = .06, p> .05

*p > .05 (2-tailed)ns

**p <.05 (2-tailed)s

a. Bootstrapped values. Two-tailed significancepfa also based on bootstrap results.

Table 3.14:Multiple regression statistics for thé inemorised performance of the Atonal Piece by the

non-solfege groups.
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Atonal piece, 2nd performance: Non-solfege group

B SEPR B
Constant 716.59 47.14
2avs. 2b -61.12 78.00 -1
2avs. 2c 51.12 98.16 .062
Non-AP vs. AP 222.93 81.81 24
Non-AP vs. unsure 53.76 107.10 .07

Note: R =.09, p> .05
*p > .05 (2-tailed)ns
a. Bootstrapped values. Two-tailed significanceBfar also based on bootstrap results.

Table 3.15:Multiple regression statistics for th&2nemorised performance of the Atonal Piece by the

non-solfége groups.

R? values for both performances of the Atonal Pieceth® non-solfége groups are
extremely low and non-significant, providing furthgupport for the null hypothesis
that different country groups and AP possessiomdichave an effect on memorisation
performance scores. Within this non-significanutesAP possession seems to produce
a significant effect on the scores of both tfeahd the #' performance of the Atonal
Piece; as in the"2 performance confidence interval boundaries crogsed and the
significant findings were not consistent witfi\Rilues, they were attributed to a Type |

error.

3.2.2.6. Comparability of student groups: Summary

Non-parametric tests as well as multiple regressiodels tested for theé'land the %
memorised performances of both the Tonal and thendt Pieces suggested that
changes in country and AP possession did not hawgn#icant effect on performance.
Despite the fact, however, that test statisticsmitl suggest that AP possession had a
significant effect on performance, the exclusioABf participants from the dataset was
decided for the rest of the analysis. This decisias taken in order to eliminate
potential interactions between AP possession ahdrdactors, which could alter the

results in unpredictable ways; the imbalance betwi subject numbers in the solfege
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and the non-solfege group also functioned as amnaggt in favour of the exclusion of

AP participants.

The uniqueness of AP possession would justify neatensive, separate analysis of the
results of the AP group in the study: further exaation should aim to determine the
details of AP memorisation performance and thelistsveen AP possession and other
predictors, which altogether presumably constitate unique profile of music
memorisers. The limited size of 10 AP subjectshm c¢urrent sample, however, did not
allow this type of analysis to be carried out witklie framework of the present study; a
larger sample and more target-specific testing r@guired for an authoritative,
meaningful study of AP music memorisation. On ttleeohand, the ‘Unsure’ group did
not produce a significantly different pattern ofults from the non-AP group, apart
from of the 39 performances of both the Tonal and the Atonal diduy the solfége
group, which was attributed to a Type | error; las total number of participants who
selected the ‘I don't know’ answer in the AP quastiwas very small and these
participants were distributed evenly between théege and the non-solfége group,

data from these participants were included in frrémalyses.

3.3. Main analysis

The major objective of data analysis was to retealfactors that affected memorised
performance results the most. Having eliminatedtyipe of piece (T1, T2, T3 or Al,
A2, A3 respectively) and the country of the sulgea$ possible factors that crucially
affect performance, the following three parametezse examined:

1. Instrument type. The participants were divided in four differenteggories:i)
vocalists, including male and female first-study singen9, string players,
including violin, viola, violoncello and double tsaglayersi,ii) wind players,
including both woodwind and brass instrument playardiv) pianists.

2. Solfége useThis was examined in two levels: in the first le&ibjects were
divided into solfege and non-solfege groups acogrdo whether they came

from a solfege country and therefore had been atkese solféege during the
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experiment. In the second level, participants i $blfege group were filtered
further according to the data from the 10-minutecpce transcriptions:
participants who hadctually used solfége were separated from those who had
not used solfege in an audible way during practideis categorisation was
useful in distinguishing between the lower, ortfilevel of acquaintance with
solfége note names, which does not necessarilyyinge of these elements in
musical reality, and the higher, or second, levielextended and cultivated
familiarity with solfége labels, which is presuppdgor use of solfege in music
practice. The distinction between the two levelsyradso be perceived as a
potential distinction between thienplicit and theexplicit effects of solfege
knowledge. For this reason, the lab8lsiféege use (Iand Solfége use (Eare
going to be used hereon to denote whether theldévsi (implicit) or the
second-level (explicit) solféege knowledge is betognpared to the non-solfege
level.

3. Memorisation frequency. This parameter was based on responses to the
question ‘How often do you memorise music for perfance?’ in the
participants’ questionnaire (see Appendix 3). Hiesianswers were: a)

Always/Almost always, b) Often, c) Occasionally at)dNever/Almost never.

Initially, a 4x4x2 MANOVA was run, using the resailof the i performance for the
Tonal and the Atonal Piece as the two dependerdhias. Instrument type, Solfege use
(Implicit vs. non-solfége) and Memorisation freqagnvere the independent variables.
The assumption of multivariate normality had beenated and the same was true for
the homogeneity of covariance matrices; as therlathis measured using Box’s test
statistic, however, the significant result may heasfected the test’s sensitivity to non-
normality. Nevertheless, the violation of assumpgiovas taken into consideration
when interpreting the results.

Using Pillai-Bartlett’s trace, there was a sigrafit effect of Instrument type orf'1
Performance scores for the Tonal and Atonal pie¢es(.26, F(6, 106) = 2.66, p < .05,
while the effects of Memorisation frequency andf&pd Use (1) were found non-
significant at p > .05. The Pillai-Bartlett tracashbeen proven to be relatively robust to
violations of normality when sample sizes are eguiastrument type subgroups,

however, do not contain equal participant numberfser the elimination of AP
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participants, there were 30 singers, 25 pianis&,wind and 12 string players.
Tabachnick and Fidell (2007, quoted in Field, 20p9,604) report that probability
values are conservative, and can therefore beettusthen the larger samples have
produced larger variances. This is the case foranees between Instrument type
subgroups, so the significance of the Pillai-Béirtteace was accepted as reliable. On
the other hand, the Pillai-Bartlett trace for Memation frequency and for Solféege use
(I) on the ' performance of the Tonal and the Atonal piece fwasd non-significant;
as for both variables variance grew with subgroae and therefore the test statistic
should be considered conservative, the effect ombtésation frequency and Solfége

use on performance was examined further.

Multiple regression analysis was conducted Snpérformance results of the Tonal
piece, using Instrument type as a predictor vagi@bthe first block and Solfege use (E)
with Memorisation Frequency in the second bloclsideals plots showed signs of
heteroscedasticity, so bootstrap samples were Useddition to using explicit Solfége
use in place of the implicit, which had been usedthe previous MANOVA,
Memorisation frequency subgroups were reduced to: tparticipants who had
responded they memorise music for performance ajpyd or b) Often were pooled
together and the same was done for participants W responded either c)
Occasionally or d) Never, to the same question. fEason for these changes in the
predictor variables was the desire to maximize taageable effects; subjects who had
audibly (explicitly) used solfége during the 10-mmi@ practice were thought to be more
likely to have displayed a solfege-related effediereas the creation of a single high-
frequency and a single low-frequency memorisatiooug was aiming to stress the
potential differences between groups, which wouwddsibly have been less prominent

in the 4-group situation.

Following the MANOVA test statistics, the hypothedested by the regression model
were directional: subjects performing the task ostrang or wind instrument were

expected to score higher than singers and singers expected to perform better than
pianists. Directional hypotheses were also forneddbr Memorisation frequency and
Solfege use: participants in the high Memorisafi@guency group were expected to

perform better than participants in the low-frequeroup, and participants who had

134



Chapter 3 Experiment 1

used solfege explicitly were expected to perforridoehan participants who had not

used solfege. Multiple regression statistics amwshin Table 3.16:

Tonal piece, ' performance

B SE B B

Step 1

Constant 549.30 48.68

Singers vs. Strings 191.75 100.42 25
Singers vs. Winds 319.61 71.48 A3*
Singers vs. Pianists 39.07 67.10 .07
Step 2

Constant 417.31  70.17

Singers vs. Strings 253.15 93.54 .33
Singers vs. Winds 372.53 70.32 50*
Singers vs. Pianists 115.48 70.53 A0
Solfege use (E) 28.66 59.37 .05
Memorisation frequency (2 groups) 152.23 54.48 .28

R?= .18, p= .001 for Step 1AR*= .06, p < .05 for Step 2.

*p >.05ns
**p<.05s
***p<.0l,s

a. Bootstrapped values. Significance ffds also based on bootstrap results.

Table 3.16: Multiple regression statistics for th& tnemorised performance of the Tonal Piece. Singers
were chosen as the base group to which other metntitypes were compared; the other two predictors
contain only two categories: no solfége used aifég® used, or Low and High Memorisation frequency,

respectively.

The overall effect of predictors on performanceegyp significant at p < .05; the values
of R?, however, although significant, are still relativow: R*= .18 for Step 1 and®
.25 for Step 2, which leaves a 75% of the changeenformance scores unexplained by

changes in Instrument type, Memorisation frequencysolfége use (E). Nevertheless,
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significant beta values indicate that, for the gerformance of the Tonal piece, the
biggest change in scores appeared between singdrsviad instrument players and
singers and string players; the difference produmethe pianist group only appeared
significant in Step 2 of the model. Since inclusiarthe pianist group did not have a
high correlation with another predictor variablbe tfact that this group produced a
significant change in the model only during Stepv&s interpreted as a result of the
pianist group being borderline significant compat@the others; the value of p = .049,
confirmed this suspicion. It is important to nobattthe hypothesis that pianists would
perform worse than singers was not supported; snmfuin the pianist group appeared
to have an importanpositive effect on performance score$ £ .10, p < .05). High
Memorisation frequency also seems to play an inapbrtole in the shaping of
memorised performance scores, although less impotten belonging in either the
string player or the wind player group. The effetinstrument type was corroborated
by the regression model for th& performance of the Tonal piece; results are shiown
Table 3.17:
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Tonal piece, 2% performance

B SE B B

Step 1

Constant 578.63 50.81
Singers vs. Strings 233.63 82.07 32
Singers vs. Winds 286.33 78.79 40
Singers vs. Pianists 65.82 66.52 12
Step 2

Constant 496.39 71.26
Singers vs. Strings 271.55 83.42 37
Singers vs. Winds 319.19 78.77 48
Singers vs. Pianists 113.57 69.40 .20
Solfege use (E) 9.45 58.33 .02
Memorisation frequency (2 groups) 100.70 55.79 19

Note: R = .18, p< .05 for Step 1AR*= .03, p > .05 for Step 2.

*p >.05ns
**p<.05s
***p<.0l,s

a. Bootstrapped values. Significance ffas also based on bootstrap results.

Table 3.17:Multiple regression statistics for th&*derformance of the Tonal Piece. Predictor categori

were kept the same as in the regression modehéoftperformance.

The difference between singers and the string and player groups is, once more, the
most significant predictor of the model, as demi@tstl both by significant beta values
for these groups as well as the significancéRf = .18 in the first step of the model,
where only Instrument type had been entered asigioed The difference between
pianists and singers was found non-significanttfier 7 performance. Solfége use (E)
does not seem to affect performance, in line witiihgs for the T performance;
Memorisation frequency, however, appears to hasigrficant effect, as it did for the

1% performance results.
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Multiple regression models were also applied in tffeand 2% performances of the

Atonal piece: for these analyses, too, hierarchypfedictors was kept the same as for
the Tonal piece, in order to be able to compareltebetween the two pieces; bootstrap
samples were also used in all occasions for thesaason, although the application of
robust methods was also dictated by violationshef homoscedasticity assumption.

Results for the Atonal piece performances are ginérables 3.18 and 3.19:

Atonal piece, T' performance

B SE B B
Step 1
Constant 616.88 46.64
Singers vs. Strings 253.548 62.63 3T
Singers vs. Winds 312.978 53.67 5
Singers vs. Pianists 46.348 62.37 .09
Step 2
Constant 596.448 58.09
Singers vs. Strings 261.448 62.81 .38*
Singers vs. Winds 320.578 54.72 49*
Singers vs. Pianists 59.10 64.78 I
Solfege use (E) -34.12 53.71 -.07
Memorisation frequency (2 groups) 50.57 41.66 J1

Note: R = .26, p< .001 for Step 1AR?= .02, p > .05 for Step 2.

*p>.05ns
**p<.05s
**p<.01,s

a. Bootstrapped values. Significance ffas also based on bootstrap results.

Table 3.18: Multiple regression statistics for thé inemorised performance of the Atonal Piece. Note
that the change in the model is only significantimiy Step 1, where Instrument type was the predicto

variable.
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Atonal piece, 29 performance

B SE B B

Step 1

Constant 598.20 44.10

Singers vs. Strings 266.32 73.76 .39*
Singers vs. Winds 269.48 63.08 AT
Singers vs. Pianists 49.16 58.05 10
Step 2

Constant 598.57 60.19

Singers vs. Strings 264.94 76.26 .39*
Singers vs. Winds 268.81 68.36 AT
Singers vs. Pianists 49.28 66.87 10
Solfege use (E) - 26.86 57.49 - .05
Memorisation frequency (2 groups) 18.55 48.89 .04

Note: R = .23, p< .001 for Step 1AR“=.004, p > .05 for Step 2.

*p >.05ns
**p<.05s
***p<.0l,s

a. Bootstrapped values. Significance ffas also based on bootstrap results.

Table 3.19:Multiple regression statistics for th&”®erformance of the Atonal piece. Note that, afién

1% performance of the Atonal piece (Table 3.18),ahange in the model is only significant in Step 1.

AR? changes in the models for th& dnd 2° performance of the Atonal piece are only
significant for Step 1, indicating that Instruméype was the only crucial predictor for
performance, for the Atonal piece. This is confidiiy the non-significant beta values
for changes in Memorisation frequency and Solfege for both performances. The
difference between the singer and the pianist growhich appeared ambivalent in
performances of the Tonal piece, appeared nonfsignt in both performances for the
Atonal piece.

139



Chapter 3 Experiment 1

After examining Instrument type, Memorisation frequy and Solfége use effect on

performance scores and finding that Instrument g Memorisation frequency could

account for up to 26% of change in the regressiodeh) the most imperative research

objective was to find out if there were other dejmm variables which had been

measured and had a significant effect on perforeaaores. After an inspection of all

the variables measured in the questionnaire, nhelltggression analysis was run on the

1%'and 2¢ performance of the Tonal piece, using the follayyimedictors:

1.

Instrument type. This variable had been found significant in the vpres
models; since string and wind players appearectthé group that produced the
greatest changes in scores compared to singengissand winds were placed in a
single group, under the label ‘monophonic instruteernThe existence of this
group was supported by findings and was also attheo original experimental
design: participants had been selected, amongst sttreening factors, on the
basis of whether they were vocalists, pianistsnonophonic instrument players.
Memorisation frequency (2 groups). This variable had also been found
significant in the previous analyses; the 2-groiyistbn was kept instead of the
original 4-level frequency division resulting ditgc from questionnaire
responses.

Use of a memorisation strategy (general)Participants’ responses in the
guestion: ‘Do you employ any particular strategmsmemorising music?’ were
used to divide subjects in two groups: participavit® had responded ‘Yes’ were
placed in one group and participants who had redgubriNo’ or ‘I don’t know’
were placed the second group.

Use of a memorisation strategy (specificParticipant responses in the question
about particular strategies they use to memorissianwsuch as repeating,
chunking, analysis and others (see Appendix 3) weness-validated with
transcriptions of the 10-minute practice sessitmsiany occasions, transcription
records revealed a completely different approachth® piece than the one
described in the questionnaire response; reasonhifowill be analysed in the
Discussion section. For the regression analysigticgaants were categorized
according to whether they hadtually used the techniques they had asserted they
normally use. The inclusion of this variable shoodd be regarded, in conjunction
with the previous predictor, as an attempt to deubk effect of memorisation

strategy: while the specific memorisation strateaptually employed by the
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subject was a measure of what thikg regarding the piece, the general strategy
they had in mind reflected the more abstract meastihow theythought about
the piece, in terms of their preconceptions abaw lthey should form their
approach to it. According to questionnaire respsnee different memorisation
strategies were determined, with ‘no strategy’ baised as the baseline category
to which the others were compared: i) Repeatingpikee many times from the
beginning to the end, ii) Dividing the piece in dimachunks and learning them
separately, iii) Determining structural elementsha piece, iv) Mental practice of

the piece, without using the instrument, v) Otheatsgies.
Regression statistics for the™ land 2° performance of the Tonal piece, using

Instrument type, Memorisation frequency, Memormatistrategy (general), and

Memorisation strategy (specific) as predictors,e agiven in Table 3.20:
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Experiment 1

1% performance

2" performance

Tonal piece
B SEB B B SE B B
Step 1
Constant 741.38 57.75 795.57 51.11

Monophonic vs.
Singers
Monophonic vs.
Pianists

Memorisation frequency

(2 groups)

-307.36 61.24 -5

-201.12 66.98 -.34

150.37 52.33 2T

-293.78 66.79 -.54*
-183.20 62.10 -32
100.22 52.88 9

Step 2
Constant

Monophonic vs.

Singers

Monophonic vs.

Pianists

Memorisation frequency
(2 groups)
Memorisation strategies
(2 groups)

No strategy vs. repeat

No strategy vs. chunking

No strategy vs. analysis

No strategy vs.

mental practice

No strategy vs. other

571.69 70.21

- 257.08 68.50 - .45"**

-183.21 69.11 - .31**

108.34 52.16 20°*

153.81 66.96 19

6.06 74.39 .01*

10.89 70.98 .02*

231.74 75.17 27

57.77 138.39 .05*

3.44 216.02 .00*

615.6% 67.91

- 255.05 70.80 - .47

-170.56 62.99 -.30%*

69.34 53.31 A3*

163.80 72.58 21

-1.13 68.85 - .00

38.81 65.75 o7

184.30 75.47 22

82.58 174.51 .08*

- 68.35 235.68 - .06*

1% performance: R= .23, p< .001 for Step 1AR?= .13, p < .05 for Step 2.
2" performance: R= .21, p= .001 for Step 1AR?= .13, p < .05 for Step 2.

*p >.05ns
**p<.05s
***p<.0l,s

a. Bootstrapped values. Significanceffas also based on bootstrap results.

Table 3.20:Multiple regression statistics for th& and 2“ performance of the Tonal piece.
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As shown byAR? values, the inclusion of these predictors improtkd model
significantly. In both performances, monophonic tiasents appeared to do
significantly better than singers and pianiststhes previous analysis had shown that
pianists performed better than singers, the comuwas drawn that Instrument type
was important in predicting performance in the Top#&ce, with monophonic
instrument players scoring highest and singersirsgothe lowest. Memorisation
frequency appeared to have a significant effedherresults of the®iperformance, but
this effect diminished in the"2performance; the difference in scores of tfedd the

2" performances will be examined in a subsequeniosect

The use of a particular memorisation strategy, ugernhe absence of strategy, also
appeared to have a significant effect on scordbpadh the only specific strategy
which appeared to make a difference, amongst tles antually used on task, was the
one involving the structural analysis of the pietke overall impact of the predictors

appeared greater for th& than for the 2 performance of the Tonal piece.

Apart from the predictors used in multiple regreasior the Tonal piece — Instrument
type, Memorisation frequency, Memorisation diffiguand Memorisation strategy —
another two predictors were used for the Atonatguie
1. Frequency of atonal music practiceThis variable signified the frequency with
which subjects used to practise or perform atonasioy) as denoted by their
responses in the relevant question of the quesdioaifsee Appendix 3). As in
the memorisation frequency variable, participangsendivided in two frequency
groups.
2. Familiarity with atonal music. In the relevant question from the questionnaire
(Appendix 3), participants were able to choose betwfive possible responses:
a) Extremely familiar, b) Familiar, c¢) Neither fdmar nor unfamiliar, d)
Unfamiliar, e) Extremely unfamiliar. Participanthievhad responded c) Neither
familiar nor unfamiliar were chosen as the basegnaup to which the other
participants were compared: subjects who had arsingy or b) were placed in
the ‘familiar’ group, whereas subjects who had oesied d) or e) were placed

in the ‘unfamiliar’ group.
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All the above variables were entered in a multipigression model for thé'and 2°
performances of the Atonal piece, which yielded-smmificant results. This led to a

reduction of the predictors, leading to the resdigplayed in Table 3.21:

144



Atonal piece

1% performance

2" performance

B SE B? B B SE B® B

Constant 880.17 61.34 815.34 68.64

Monophonic vs. Singers - 295.51 60.03 - .59*** | -273.69 63.70 - .56***
Monophonic vs. Pianists - 251.00 5596 - .48*** | -237.79 55.44 - 46***
Frequency atonal (2 groups) - 84.05 94.95 -.13* - 70.36 94.34 -.11*
Average vs. unfamiliar 90.51 84.45 .16* 47.11 79.56 .08*
Averagevs. familiar - 19.56 59.88 - .04* 4.36 57.67 .01*
No strategy vs. repeat 55.91 66.56 .08* 12.13 77.76 .02*
No strategy vs. chunking 37.62 46.79 .08* 116.24 47.04 24**
No strategy vs. analysis 27.67 102.16 .04* 46.10 94.13 .06*
No strategy vs. mental practice - 34.56 98.37 - .04* - 98.90 117.11 -.11*
No strategy vs. other 116.24 149.18 .09* 130.49 142.24 10*

1% performance: R*= .33, p= .001.
2" performance: R?= .33, p= .00L.
p>.05ns *p<.05 s ** p<.0l,s.

a. Bootstrapped values. Significance for 8 is also based on bootstrap results.

Table 3.21: Multiple regression statistics for the 1% and 2™ performance of the Atonal Piece.
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R? values show that the predictors significantly aféelc the model for both
performances. Regarding individual predictors, thest interesting result was the
standardised beta value for the difference gengrayethe group of participants who
had used chunking as their memorisation stratdgy:was found significant, but only
for the 29 performance. As the beta values were not simdatte two performances,
which could have justified a borderline significantor the pa performance, or a
borderline non-significance for thé' performance, a plausible interpretation was that
the selection of the particular strategy led to enefficient retention in the long-term
memory stores, used in the case of tfep2rformance, happening after the 15-minute
distraction period. This assumption was not vaéddly the same model applied to the
3 performance of the piece, on the next day; impartant to note, however, that data

from the & performance were much fewer and thus were notogpiate for analysis.

The remaining predictors that were specific toAl@nal piece did not appear to have a
significant effect in either of the first two perfoances; both the frequency of atonal
music practice and the familiarity with atonal nusielded non-significant results.
Instrument type, on the other hand, remained aifgignt predictor for performance,
retaining the same ranking of instrument typeshas Tonal piece: string and wind
instrument (monophonic instrument) players appedcedbtain the highest scores,

followed by pianists and then by singers.

At this point, after having established significaméedictor variables for the®land the
2" performance, the change in scores between thepesformances was examined.
Change in performance scores was calculated byastioiy the Total score of thé'1
performance from the Total score of thH¥ performance. The resulting numb@g,,
could have either a positive or a negative valuegative values indicated that
performance had deteriorated between tfitarid the ¥ time, whilst positive values
indicated that performance had improved tfA&tine, resulting in a higher score. The

difference in scores was also calculated for tharid & performance, signified bi(ca

MANOVA and multiple regression analyses did note@vany significant predictors
for the change in scores: amongst tried predict@se Instrument type, Memorisation
frequency, Solféege use (implicit and explicit) aNsemorisation difficulty. Certain

interesting and potentially useful observations loamade, however, by comparing,
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and A, values between Solfege use groups, both implied explicit. Note the
meaning of (I) and (E) distinctions in each grothe Solfege (I) group includes all
participants who came from solfége countries; thafe§e (E) group includes
participants who came from solfége countries ardilbdy used solfege during the 10-
minute practice; the Non-solfege (I) group inclu@dsparticipants from non-solfege
countries; the Non-solfege (E) group includes adirtipipants from non-solfege
countries plus participants from solfege countmdso did not use solfege audibly
during the 10-minute practice session. Althoughhsgomparisons cannot replace
statistically significant results of analysis ofrigace or multiple regression tests, they
can nevertheless provide a useful basis for furtbgting, which will be more target-
specific, controlled for independent variables arsing a bigger sample. The total
numbers of participants in each Solféege use grougdch performance completed are
shown in Table 3.22:

Tonal piece Atonal piece
N 1% and 2 31 1% and 2 31

performance performance | performance performance

Solfege (1) 39 17 41 15
Non-solfege (1) 41 37 42 33
Solfége (E) 29 13 30 12
Non-solfége (E) 51 41 52 36
Total 80 54 83 48

Table 3.22: Number of participants who completed the respecsiessions for the tonal and atonal

pieces. AP participants are excluded from the alooumst.

Table 3.22 reveals that the total number of padicts completing all three
performances was considerably lower for both thenalcand the Atonal pieces,
compared to the number of participants attendirgfitist experimental session, which
included the T and the 2 performance; especially solfége participants apfeaave

failed to complete the™3performance in their vast majority. The reasothi, apart
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from country 2a (non-solfege, 30 participants), tiest of the experiments were
organised to take place within a very strict tiraafe: the result was that very few
students were able to accommodate the next-dajosdass$o their schedules. As such,
the participants in the'Bperformance came mainly from the 2a group for soifége

participants, while for the solfege group there eviawer participants from each of the
three countries. Taking these demographics inteidenation, it is useful to examine
Table 3.23, which gives the cumulative percentdgeadicipants who scored positive

ApaandAc,values for both pieces:

Tonal piece Atonal piece
% Apa Aca Apa Aca
Non-solfege (1) 58.5% 43.2% 40.5% 30.3%
Solfege (E) 58.6% 61.5% 53.3% 33.3%
Non-solfége (E) 62.7% 46.3% 48.1% 33.3%
Total 61.2% 50% 49.4% 33.3%

Table 3.23:Percentage of participants who scored higher ir?théhan in the T performance4ys) or in

the 39 compared to the*lperformanceAc,), thus yielding positive values.

The total percentages reveal that later perfornmn€¢he Atonal piece deteriorated or
stayed the same for most participants, whereasvthis not the case for"2and 3
performances of the Tonal piece. In fact, comparisiAy, values, between thé'and
2" performance of the Tonal piece, shows that perdmece improved for most
subjects, across groups; this might reflect the iatiesh of long-term memory

mechanisms, which may have been activated durmd$hminute distraction period.
The biggest differences between solfége and ndegmlgroups are observed My,

values: 64.7% of participants from solfege coustappear to have done better in the

last performance of the Tonal piece than they hatkdn the 1, while this percentage
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was 43.2% for the non-solfege group. Although tHierence is reduced in the
comparison between solfege subjects who used soHadibly during practice and all
the other subjects, it still remains over 10 petage units. These differences, of course,
can receive numerous interpretations and, sinceg #ine not validated by statistical
tests, causality is not tenable; they do proviaeydver, a basis for further research in
the field, as the large differences between thegsaould be justified by an advantage
provided by solfége use in the long-term retentidrthe piece: given the restricted
timeframe of the tasks, the use of solfege syllbiay have helped the rapid formation

of a more stable memory trace, which preventedpmdnce deterioration.

Arguably the most interesting finding of frequencies is that, for the majority of the
subjects, the™ performance of the Tonal piece, after the 15-naindistraction period,
was better than the 5'1 performance, which had happened immediately after
memorisation. This could reflect the employmentonig-term memory mechanisms in
the 29 performance and has potential pedagogical impdicatfor music teachers and

students who are interested in honing their meratois skills and efficiency.

3.4. Discussion

Statistical analyses showed that, for both the Tama the Atonal piece, the most
significant predictor of the memorised performascere was the type of instrument
they played (Tables 3.16, 3.17, 3.18 and 3.19)dveind string players appeared to be
the most competent memorisers, followed by pianisth vocalists in the last place.
This was accurately reflected in questionnaire gasps regarding self-rating in
memorisation skills (see Appendix 3): participarappeared to make realistic
estimations of their memorisation competence, witly 31.3% of the singers assessing
it as ‘Good’ or ‘Extremely good’, followed closelyy pianists with 36.7%, whilst the
equivalent percentages for string and wind playense 52.9% and 42.9%, respectively.
The self-rating of participants’ memorisation skillalso appeared significantly
correlated with their performance scoresalues were all found significant at.01

for the £'and 29 performances of both the Tonal and the Atonaleiec
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Apart from the self-rating of memorisation skillspwever, a brief examination of
qualitative data from the questionnaires does ustify the singers’ and pianists’ low
scores: although memorisation difficulty, as deggctin participants’ responses,
appeared significantly correlated with performancethe Tonal pieces and thé&?2
performance of the Atonal piece at p < .05, tflg@drformance of the Atonal piece did
not have a significant correlation with Memorisati@ifficulty, which puts the
consistency of the finding in question, at least fbe Atonal pieces. Moreover,
individual instrumental groups’ responses in tharMesation difficulty question reveal
a relative contradiction with performance resut8:9% of the singers and 43.3% of the
pianists responded they found music memorisationgeneral ‘Very difficult’ or
‘Difficult’, while the equivalent responses for isiy and wind players were 58.8% and
50%, respectively. These findings, along with datien tests, indicate that, although
individual participants’ attitudes towards mematiza were associated with how well
they did on the task, at least for the Tonal pistegers and piano players, as groups,
did not find memorisation more difficult than wiathd string players; this suggests that
low performance scores were not likely to be a Itesti differences in cognitive

abilities, but rather a consequence of techniafopmance-related issues.

An example of a practical factor potentially affagt performance was time:
questionnaire responses showed that the restticbeframe within which participants
were asked to memorise the 8-bar pieces had plagetnportant role in different
instrumental groups’ performance scores. Figura&glays the percentage frequencies
of participants who responded that they had eitRénty of time’ or ‘Just about
enough time’ in order to memorise the piece. Thmgeentages are over 50% for both
the string and the wind player groups, while léent30% of the singers thought they
had enough time to learn either the Tonal or thenAl piece. The lowest frequency is
displayed in the pianists’ group, with only 3.4% farticipant) responding they had
enough time to memorise the pieces. These findmijsate a strong tendency amongst
pianists and singers to take more time in ordenémnorise a given piece. The reason,
however, that this variable was not entered in facyorial or regression analyses with
performance scores was that it was based on thecsiwvle opinion of the participants,
as it had been depicted on the questionnaire tieyt had filled inafter the task.

Timings in the experiment were controlled variablessed on extensive piloting; the
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fact that many participants, from all instrumergedups, managed to complete the task
successfully and on time suggested that the questice responses regarding time
adequacy were, at least partly, a reflection of plagticipants’ estimation of their
performance and their time-management efficienapéntask. This was also confirmed
by the 10-minute practice transcriptions, whichelaed poor time-management in most
cases of participants who had answered they woedpiire ‘a lot more time’ to
memorise the piece, compared to all other partitga

Participants who responded they had adequate timetmemorise
the piece

M Tonal piece
W Atonal piece

Frequency (%)
w
o

Singers Strings Winds Pianists

Figure 3.1: Instrumental group responses to the question: ‘fod feel you had enough time to
memorise the piece?’. Only positive responses aocerded in the graph; the green bars represent

percentage frequency for responses regarding thalpéece, whereas purple bars represent frequeicy
the positive responses for the Atonal piece.

Regression analysis showed Memorisation frequeaclyet a significant predictor of
performance scores only for th& flerformance of the Tonal piece, while it was found
non-significant for the ¥ performance of the Tonal as well as for both penfinces of
the Atonal piece (Tables 3.16, 3.17, 3.18 and 3.T8)s ambiguous finding for the
tonal piece was cross-validated with questionnaiesponses, categorised by
instrumental group; percentage frequencies of @pants who responded
‘Always/Almost always’ or ‘Often’ in the questiorgarding how often they memaorise

music for performance (Appendix 3) are shown inukég3.2. According to these
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frequencies, singers appear to memorise musicddomnance more often than all the
other groups; pianists are the group with the lstrgercentage of their population in the
low-frequency group. This questionnaire finding gests that, although memorisation
frequency was an important factor in shaping pemtorce scores, it was not sufficient

in itself to overcome restrictions posed by thaurebf the instrument performed.

Participants who responded they memorise music redarly

Frequency (%)
N w iy al [e2] ~ (o]
o o o o o o o
Il Il Il Il Il Il I}

[Eny
o
I

o
|

Singers Strings Winds Pianists

Figure 3.2: Instrumental group responses to the question: ‘Hdten do you memorise music for
performance?’; possible responses included ‘Alwalysdst always’, ‘Often’, ‘Occasionally’ and
‘Never/Almost never’. The bars in the graph repnéggercentage of responses given for the first two

options only.

Another significant predictor emerging from the tiplé regression model for the
Tonal piece was the use of a specific strategy I€T&20); participants who had
responded they used a particular strategy for msimgrmusic appeared to perform
better than the ones who did not identify a stmatdgey used. There is, of course, a
point of consideration regarding this predictor:tlas responses were elicitatter the
memorisation task had taken place, it is possihb some participants may have
rationalised their approach to the pieneetrospect, so that they gave an answer they
felt was more appropriate both to the task andhedr tstatus as music students. Bearing

this potential restriction in mind, it is interasjito look at how the ‘analytical’ strategy,
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identified as the practice of the piece ‘withous thstrument, determining its structural
elements’ (see Appendix 3), was distributed acrossrumental groups: 12.5% of
singers stated they used this strategy, versus%706 the string players, 21.4% of the
wind players and 23.3% of the piano players. Thealical' strategy was the only
specific strategy that appeared to be a signifigaatdictor in the multiple regression
model for both performances of the Tonal piecehddigh the percentage of singers
using this strategy is the lowest amongst instrualegroups, differences are not very
large; along with its significance in the regressioodel, however, this strategy appears
to bear a relative advantage compared to othetegtes. This is also consistent with
findings from the music memorisation literature: afim and Imreh (1997) and
Ginsborg (2002) identify the memorisation basedtlo®m knowledge of the music’'s
structural characteristics as the most reliable afapnusic memorisation, employed as
the strategy of choice by most professional musgiand recommended by music

teachers over the other types of music memorisation

In the Atonal piece, the only specific memorisatgirategy employed by participants,
which also appeared to be a significant predictgresformance, was chunking, defined
as ‘dividing in sections and learning them sep&yat@ppendix 3); chunking appeared
significant only for the %' performance of the Atonal piece (Table 3.21). shie case
of memorisation frequency, the questionnaire respsncombined with practice
transcriptions contradicted this result: the petages of subjects who had actually used
chunking by instrumental group were: 31.3% for ensg 22.6% for monophonic
instrument players and 20% for singers. On therdthead, correlation results between
the use of chunking antib;scores for the Atonal piece indicated that piaray@ls who
had used chunking had improved in th¥ performancer = .40, p < .05. The
correlation of chunking and\,; scores was found non-significant for the other
instrumental groups; these results suggest thtapwadh chunking may have provided a
long-term benefit for the memorisation performawnéghose who used it, this effect
was not strong enough to overshadow changes iorpeathce triggered by performing

a certain type of instrument.

The insignificance of factors such as the frequesfcgerforming atonal music and the
familiarity with atonal music (Table 3.21), alongthvthe consistent significance of

Instrument type, indicate that, as for the Tonadcpj there could be practical or
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performance-related factors affecting performanceres. One such factor could be
related to the experimental procedure itself amfétt that performances were audio
recorded. Although there was a relevant questiothé questionnaire, intending to
measure the extent to which the recording affeqadicipants’ performance, the
responses were not included in factor and regnessialyses for the same reason as for
responses regarding time adequacy: as the parisipeere asked after the task had
taken place, it was possible that their responseaffaected by their assessment of their
performance and therefore consisted an unrelialel@sore of how much recording had
actually had an effect on them. Nevertheless, ¢quesdire responses regarding the
effect of recording were examined: 77.2% of pagoacits answered that the recording
had not affected their performance in the tonat@jievhile the respective figure for the
atonal piece was at 83.1%. The extent to which rokeg affected the remaining

participants’ performance is shown in Figure 3.3:

To what extent did the fact you were being recordedffect your
performance?

B Tonal piece
W Atonal piece

Frequency (%)
N
(&)

10
o] []
0 - ‘
Affected very little  Self-conscious butSelf-conscious and Impaired
did not affect  source of distraction performance
critically severely

Figure 3.3: Participants could choose one of the following omsi (see Appendix 3): a) It affected me
very little, b) It made me self-conscious but dat nritically affect my performance, c) It made saf-
conscious and was a source of distraction fromtakk, d) It impaired my performance severely, or e)
Other.

Figure 3.3 shows that even the participants whadatat recording had affected their

performance, believed in most cases that this effes relatively small: out of 93
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participants, only 7 students in the Tonal and BhenAtonal piece stated that recording

had critically affected their performance.

Overall, the vast majority of the participants agueel to value memorisation skills, with
41.9% of them rating them as ‘Extremely importasfl,6% as ‘Important’ and 4.3% as
‘Neither important nor unimportant’; only 2 parpeints answered they considered
memorisation skills to be unimportant for a musicend no participants selected the
‘Extremely unimportant’ option. The distribution @nswers for each instrumental
group is shown in Figure 3.4: singers and windrument players appear to be the
groups which attribute the highest importance tanmesation skills, while, on the

other hand, there were some, albeit very few, ptanivho considered memorisation

skills unimportant.

How important do you consider memorisation skills for a musician?

60
M Voice
M Strings
W Wind
Keyboard
50 = Y
40
e
=
N’
z
g
30
&
g
=
20
10—
i m |
Extremely Important ~ Neither important ~ Unimportant
important nor unimportant

Figure 3.4: Participants’ responses regarding the importanceneimorisation skills, categorised by

instrument. Note than the ‘Extremely unimportangtion was not selected by any participants.
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Despite the fact, however, that most participamqieared to consider memorisation
skills vital for musicians, most of them appearedave cultivated these skills on their
own: 75 out of the 93 participants answered thay thad never been taught how to
memorise music. The self-taught approach to memuwis could also provide an
explanation for the inconsistency between questimenresponses and the recorded
reality regarding memorisation strategies usedndupractice: 37.8% of participants
failed to use the strategy they had describedamtiestionnaire for the Tonal piece and
27.5% of participants failed to use it during thaiactice for the Atonal piece. Bearing
in mind that 84.5% of participants declared theydenase of a particular strategy in
memorising music and most of them selected chun&mdheir strategy of choice, it
appears that most music students seem to knowctireett’ way towards efficient
memorisation in theory and perhaps guided by iiotojtthe lack of a systematic
approach, however, starting with the absence of onisation-specific teaching by their

instrumental and vocal instructors, results in 8awits practical application.

The first hypothesis tested in the experiment dtttat:
1. Musicians who know and use solfege will perform b&tr in a music

memorisation task than musicians who do not know athdo not use solfége.

This hypothesis was not supported by analysis fiigsti the distribution of
memorisation scores for the solfege and the ndiegel groups appeared similar,

unaffected by either the implicit or the explic#teuof solfege.

The second hypothesis of the experiment stated that
2. The positive effect of solfége utilisation in the morisation process will be

highest amongst singers and string players and lowein piano players.

As the previous hypothesis failed to be validatags hypothesis was not supported by
analysis findings, either; no positive effect ofifége use, implicit or explicit, was
detected in any of the instrumental groups. Therungent performed, however,
appeared to play an important role per se in mesaton performance: wind and string

players yielded significantly higher results thaangsts and singers.

The third hypothesis tested in Experiment 1 stdtad
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3. The positive effect of solfege utilisation will bestronger for atonal music

than for tonal music.

This hypothesis was not supported, either; agastrumental group appeared to be the
most significant factor affecting performance ssorethe memorisation of the Atonal

piece.

Although the comparative benefits of solfége usemusic memorisation were not
supported by the analyses, an important note watsatttlose examination of the 10-
minute practice transcriptions revealed that 25d&%olfége participants did not really
use solfege in the Tonal piece and 23.9% did na& msin the Atonal piece.
Transcriptions, of course, could only provide imi@ation regarding explicit, or audible,
solfege use: the precise role of solfege note natneasg the process of familiarising
oneself with a new piece cannot be investigatedotighly with the behavioural/
observation methods used in the present study.dst rases, however, observations
regarding solfége use could be quite conclusiveenylior example, non-singers could
be heard playing the piece incessantly during hvenihute practice, it was considered
impossible to have consciously and purposely usdfége towards memorisation.
There were still cases, though, in which solfege aad the strategy employed in
general was extremely hard to decipher from reogsli This led to the conclusion that
the real-life approach adopted in the methodoldghis study (Chapter 2.0), despite its
advantages, had resulted in the considerable augtien of unsystematic variation
within the experiment, which, in turn, affected ses and results. This effect will be

discussed further in Chapter 6.

Despite the fact that not all solfege participanél actually used solfege explicitly

during practice, only one participant in the Toaatl one in the Atonal piece stated that
in the questionnaire; all the other participantspmded to questions regarding solfége
use in the task as if they had used it. This caexpdained either by assuming that some
of the participants were referring to the effedtgnplicit solfege knowledge and use on

the task, or by interpreting some of the respoasean attempt to conceal the fact that
they had not, in fact, used solfege. Questionneesponses regarding the effect of

solfege use in the task by solfege participantsanemarised in Figure 3.5:
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How did the use of solfege affect your memorisatidh

M Tonal piece
W Atonal piece

Frequency (%)
N
(6)]

57 .
0 - T T

Did not use No effect Negative effect Positive effect Other
solfege

Figure 3.5: Percentage frequencies of participant responsesdieg the effect of solfege on their

memorisation of the Tonal and the Atonal piece.

Figure 3.5 shows that most participants, for bodites, believed that solfége had either

no or a positive effect on their memorisation. ©tthe 20 subjects who had selected
the ‘No effect’ option, 9 had not used solfége @iy and the remaining 11 had used

it. Possible interpretations for the ‘No effect'sarers included the following:

1. Subjects who had not used solfege explicitly mayehaeen implying their lack

of solfege use by selecting the ‘No effect’ option.

2. 45.5% of the subjects who had used solfége expliaitd had found no effect

on their memorisation were also placed in the Hirgljuency group in respect to
their use of solfége for memorising music, accaydin their questionnaire
responses. Since these participants were accustdamagsing solfége for
memorising, the ‘No effect’ response may have mézett, since they followed
their regular mode of memorisation, they found hanges in the process or the
result.

Some of the ‘No effect’ responses may be explaibgdconsidering data
regarding the self-taught approach most particgpaftad on music
memorisation: participants who had not been tabgit to memorise music and

were not directly aware of a particular strateggytlwere using, were expected
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to be less aware of the factors affecting their i@sation performance than

their counterparts.

Moving on to the ‘Negative effect’ responses fag Tonal piece, it is important to note
that all three subjects who gave this response wiegers; in a subsequent question,
where they were asked to elaborate on their regp@tisthree of them explained that,
because they thought they had to use solfege inpgkeeormance after 10 minutes, it
made them pay more attention to note names rakizer the music itself. This had
happened despite the fact that written and oralruosons stated explicitly that
participants did not need to use solfege when paifg the piece from memory for the
researcher. The small number of participants giangNegative effect’ response, the
fact that such responses were elicited only forTibeal piece and the apparent amount
of unsystematic variation, established in previanalyses, led to the conclusion that
individual differences that had not been measurethé experiment had most likely
played a crucial role in shaping participants’ perfances as well as responses.

An important assumption of the original hypothesested in the experiment was that
solfége participants would be comfortable in ussotfege labels in order to memorise
the pieces. This belief was proved to be falsenfiany of the subjects: according to
questionnaire responses, 39% of the solfege paatitcs were placed in the low-
frequency group regarding solfege use in everydagienpractice and 43.9% were in
the low-frequency group regarding solfege use insimumemorisation. This was
confirmed by the interaction with subjects prioithe experimental procedure: many of
the subjects required clarifications as to how bese they were required to use solfege,
showing an obvious discomfort at the prospect. @ltfh their reaction may have been
partly caused by anxiety regarding the task itselfyas apparent that solfége is not as
automatic a procedure as presumed, for all stud&hts was confirmed by the relevant

guestionnaire responses, shown in Figure 3.6:
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Do you automatically think of note names?

50
45
40 A

35

B When reading music
B When performing music

Frequency (%)

Yes Sometimes

Figure 3.6: Participant responses to the questions: ‘Do yowraatically think of note names when
reading music?’ (blue bars) and ‘Do you automaliyclink of note names when performing music?’
(orange bars). This question was directed to selfégticipants only, therefore ‘note names’ denotdyg

solfege syllables.

17.1% of participants answered they do not thinlsafége note names when reading
music and 26.8% that they do not automaticallyklohthem when performing music.
It is important to stress again at this point thgious inadequacy of the method used to
assess the automatic use of solfege labels, agipant responses reflect what they
believe happens, which may not always be the same as aghatlly happens in their
brain when they encounter a musical score. Beatimg restriction in mind, the
participants’ responses reveal that solfége noteesaare not automatic during music
reading and performance for all musicians; follogvamalysis results regarding factors
affecting memorisation, a tentative conclusion bandrawn that solfége, just like any
other skill, needs to be cultivated in order todymae useful and productive as a method
of approaching music. Its unique nature as a refeas described in Chapter 1.2, would
be best investigated using alternative experimengthods, such as brain imaging or
behavioural testing like the one described in Cérapt Music memorisation, on the
other hand, as examined in the present experirpemiged to be an extremely complex,

multi-factorial procedure, so that solfége in itséid not appear to induce traceable
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changes to the results; an alternative approaclintestigating the hypothesised
comparative advantage of solfége in real music miadon circumstances will be

presented in the next chapter, within the framevadrk repeated-measures design.
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4.0. Aims and hypotheses

Experiment 2 was designed to provide a repeatedumes perspective to the effect of
solfége use on memorisation tasks: while Experinteritad been designed to test
absolute differences between solfege and non-soliggsicians, whereas Experiment 2
aimed to test relative differences in the perforoeaaf the same musicians, before and
after they had been taught solfege. The generd afrthe experiment were:

1. To examine the effects of solfége use on a musimanisation task performed

by adult musicians who have been taught solfegentbc
2. To examine the effects of solfege use on the lengrtretention of a pitch

sequence by adult musicians who have been tautjégsaecently.

In order to achieve these aims, Experiment 2 tasiedollowing hypotheses:
1. Musicians who learn solfege as adults are able tee it effectively in order

to memorise music.

As explained in Chapter 2.1, solféege, and espgciided-do solfege, is
normally taught during childhood, over an extendssliod of time of a
minimum 5 years. The solfege lessons that tookepfac the purposes of
Experiment 2 proved successful in familiarisingdstots with solfege syllables
and honing their aural skills (see section 2.1tBg main objective of the
experiment, however, was to check whether or ntfege could be used at

request for the completion of specific memorisatasks.

2. Learning and using solfege will improve performancein a music
memorisation task compared to not using solfege ithhe same task.
The use of solfege syllables was expected to affeadditional encoding for the
musical stimulus and therefore an advantage in d¢xecution of the

memorisation task.

3. The positive effect of solfege utilisation in the mmorisation process will be
highest amongst singers and string players and lowein piano players.
As in Experiment 1, the use of solfege was expettidzE more challenging for

pianists, because of the existence of more thammiedic line which they have
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to sing, and wind instrument players, because efphysical requirements of
their instruments, which prevent the simultaneowecation of performance and

solfége singing.

4. The positive effect of solfege utilisation will bestronger for atonal music
than for tonal music.
Because of the presumed familiarity of most subjestth tonal music, as
opposed to atonal music, atonal stimuli were exqubt¢d present more of a
challenge in their memorisation within a restrictedeframe. For this reason,
the proposed additional encoding offered by solf@gs expected to create an
advantage in the abstraction and the constructftommemonic patterns for

atonal stimuli.

4.1 Method

4.1.1. Design

The study employed a mixed design, with three ieddpnt variables:
1. Solfege usewith two levels: solfége and non-solfege.
2. Instrument performed, with four levels: voice, string, wind, piano.

3. Type of piece performed with two levels: tonal and atonal.

The above were the independent variables which wergrolled in the experiment:
participants were selected and categorised acagprtbnthese three factors. More
independent variables were identified in the prece$s data analysis from the
questionnaires; the added variables were also usethe main analysis for the

experiment.

The within-subjects variable was the final scordlmmemorised task, with two levels:
performance in Phase 1 and performance in Phasee3section 4.1.4). All participants

were asked to perform the task twice, one withnaltand one with an atonal piece; the
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order in which they received the pieces was randmmirolling for repeats of material
between back-to-back experiments (see section.)2Bhis controlled randomisation
was employed so that subjects would not overheapthvious participant performing
the piece they were about to memorise or recaltirder to achieve this, a list of the 9
possible combinations of the 3 tonal and the 3atpieces was used; when an overlap
in material occurred between participants with b@ekack sessions, the second
participant received the piece dictated by the riert on the list.

4.1.2. Participants

A total of 30 university music students, 19 femadesl 11 males, participated in the
study: 18 students formed the experimental groubthe remaining 12 students were in
the control group. The control group included 3gsens, 3 string players, 1 wind
instrument player and 5 piano players. The experiaiegroup included 7 singers, 4
string players, 4 wind instrument players and hpiplayers; 3 of the singers, one
string player and one wind player from the expentakgroup failed to complete the
experimental manipulation and were subsequently edoto the control group.

Furthermore, one singer from the experimental gifailpd to complete the experiment
and was subsequently eliminated from the analyses.

All participants were full-time undergraduate stotdein the Department of Drama and
Music in the University of Hull at the time: 28 t¢ifiem were English and 2 were
international students. Participants were all algetiveen 18 and 23 years old, with a
mean age of 19.8 years. All 30 students voluntetrethe experiment and signed the
relevant consent forms; in addition, the 12 stuslevito participated successfully in the

experimental group were offered module assignmeatitc

Data from all 30 participants in Phase 1 (see cecti.1.4) were also used in the

between-groups design described in Chapter 3.
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4.1.3. Materials

The materials used in this study were the saméeaones described in Experiment 1
(section 3.1.3): musical material consisted of €cps: three tonal pieces (T1, T2, T3)
and three Atonal pieces (Al, A2, A3).

Music memorisation tasks were run in a universitjgcpgce room, equipped with an
acoustic upright Yamaha piano (model U3). All papants were recorded using an
Olympus VN-6500 PC digital voice recorder with aldigional Olympus ME15 electret
condenser microphone. Solfége instruction tookeplaca seminar room equipped with
an upright piano and a whiteboard (see sectior22)t.each student was given a copy
of the solfége handbook (Appendix 1), put togespecifically for the purposes of the
study.

All participants were asked to complete a questmnenfor each stimulus they received
in the memorisation tasks (see Appendix 3). Theegrpental group was also asked to
complete an anonymous feedback form, regarding thews on solfége training, as

well as a questionnaire regarding solfege lessppdndix 1).

4.1.4.Procedure

An overview of the experimental design is providedow:

Phase 1 (October 2009)
A. i) Memorisation and 1% performance
Learn T1 (10 minutes) — Perform T1 from memory.
i) Distraction (immediately after 1% performance)
Complete questionnaire for T1 and perform distaactctivities (15 minutes).
B. Recall practice and 2¢ performance (immediately after Distraction)
Practise T1 without score (2 minutes) — Perfornfrén memory.
C. Recall practice and & performance (24 hours later)

Practise T1 without score (2 minutes) — Perfornfréfn memory.
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Phase 2 (Experimental group only — October 2009May 2010)
Intensive solfege course led by the researcherGbapter 2.1.2).

Phase 3 (May 2010)
A. i) Memorisation and 1* performance
Learn T2 (10 minutes) — Perform T2 from memory.
i) Distraction (immediately after 1% performance)
Complete questionnaire for T2 and perform distaactctivities (15 minutes).
B. Recall practice and 2¢ performance (immediately after Distraction)
Practise T2 without score (2 minutes) — Perfornfrégh memory.
C. Recall practice and & performance (24 hours later)

Practise T2 without score (2 minutes) — Perfornfrégh memory.

Phases 1 and 3 were identical in structure and wepeated once each for each
participant, using atonal pieces (Al, A2 or A3). &iid T2 are used in the above
descriptions as examples; the subjects in the sttedg given any combination of two
different pieces between T1, T2 and T3 (or Al, A3, for the atonal stimuli). For a

detailed account of each separate step in Phamed 3, see section 3.1.4.

4.1.5. Transcriptions and scoring

All twelve performances of each participant (threemorised performances for the
tonal and three for the atonal piece from Phasadlthe same amount from Phase 3)
were transcribed from the voice recorder to marnpisquapet and then marked

according to pitch accuracy, rhythm accuracy, stmat accuracy and fluency. The
pitch and rhythm scores were added up and createsiexall ‘technical accuracy score’
for the piece; subsequently, all three scores,nieah structure and fluency, were
converted into percentage scores and the resutinges were added up using two

different algorithms. For a detailed descriptiorited scoring system see section 2.3.3.

! The decision to produce hand-written transcrifsicather than using the relevant software is empthi
in section 2.2.1.5.
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Each participant was recorded in two 10-minute gigvpractice sessions — one for the
tonal and one for the atonal piece — in Phasesdl3amroducing a total of four 10-

minute session recordings for each participansehegere transcribed into text, as well
as the two 2-minute recall sessions for each piedehases 1 and %For the present

study, the only finding used from the transcriptioof the practice sessions was the
comparison between the strategies the subjectadtadlly used to memorise the music
during the 10-minute practice session and theeglyathey had stated they used in the

questionnaire.

4.2. Preliminary analysis: piece comparability

Although the tonal pieces (T1, T2, T3) and the atgpieces (Al, A2, A3) were
compared in Chapter 3.1., for Experiment 1, andewieund equivalent in terms of the
memorised performance scores they produced, tlee thieces in each group were
compared again for the purpose of the repeateduresslesign, in order to establish
that the particular participants’ performances weot significantly affected by the

specific piece performed.

The distributions of performance scores for allcpge across performances, showed
significant deviations from normality, consistentiwfindings from the study using the

same pieces with a larger sample (Chapter 3.1).thisrreason, non-parametric tests
were used again, in order to compare the distobutif scores between different pieces

in the tonal and the atonal condition.

For the tonal pieces, the Kruskal-Wallis test statiwas found non-significant at p >
.05 for the 1, 2" and & performances of the tonal piece in Phase 1 andePBathis

suggested that the specific piece performed didhaee a significant effect on the
memorised performance. The same was true for dibqmmeances of the atonal pieces:
the Kruskal-Wallis test statistic was, once mooeinid non-significant (p > .05) across

2 A sample transcription of a practice session @violed in section 3.1.5.
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performances, in both Phases, suggesting that Al,aAd A3 produced similar

memorised performances.
Questionnaire data corroborated the hypothesis gleates within the tonal and the

atonal group were equal in terms of both techn@atl memorisation difficulty;

response summaries are given in Table 4.1 and Aable

Participant responses regarding the technical diffiulty of the piece

Very difficult / Neither Very easy /
Response Difficult difficult nor Easy
Piece tested easy
T1 2 5 14
T2 1 7 12
T3 3 7 8
Al 4 4 12
A2 5 5 10
A3 5 7 7

Table 4.1: Participant responses regarding the tonal and treabpieces’ technical difficulty. Subjects
choosing the ‘Very difficult’ or the ‘Difficult’ opion were pooled together; the same was done for
subjects choosing the ‘Very easy’ or ‘Easy’ optiofke reason for this merge was that these response
were considered to represent different levels efshme category: the former group included allestibj
who had found the piece challenging and the latiduded subjects for whom the piece did not presen
particular challenge. For tonal pieces, N=21 N=86 &=18 for T1, T2 and T3 respectively. For atonal
pieces, N= 20 for Al, A2 and N=19 for A3.
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Participant responses regarding the memorisation diculty of the piece

| Very difficult / Neither Very easy /
Response  Dpifficult difficult nor Easy
Piece tested easy
Tl 10 7 4
T2 9 7 4
T3 6 7 5
Al 13 4 3
A2 12 6 2
A3 8 7 4

Table 4.2: Participant responses regarding the tonal pieceshanisation difficulty. Sample sizes for
each piece are equal to sample sizes in the respoegarding technical difficulty (Table 4.1);

categorisation of responses is explained in Taldle 4

Questionnaire responses regarding the technicatrendhemorisation difficulty of the
pieces were very similar to the ones acquired ipeexnent 1 (Tables 3.2 and 3.3). The
relationship between responses regarding memanmsaifficulty and piece was also
investigated for the responses acquired in Phas®l3vas found non-significant at p >
.05 both for the tonal,? (6) = 5.92ns, and for the atonal piecesy(6) = 4.26ns

Summary

Statistical analyses of performance scores andtiquesire responses showed that the
variation between T1, T2, T3 and Al, A2, A3 piebasl not produced any significant
effect on memorised performance scores. This was @ line with findings from
Experiment 1 (Chapter 3.1), suggesting that perémees in the three tonal and the
three atonal pieces could be pooled together, c&ispl, in a single group and

analysed as such.
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4.3.

Main analysis

The major objective of data analysis was to deteerwhether the use of solfege had an

effect on memorised performance scores and, if et the case, if the magnitude of

the effect varied according to the instrument pented. In order to investigate this, the

following three parameters were examined:

1.

Instrument type. The participants were divided in four differenteggories:i)
vocalists including male and female first-study singeii$, string players
including violin, viola, violoncello and double maplayersiii) wind players
including both woodwind and brass instrument playandiv) pianists Taking
the results of the between-groups design into demation (see Chapter 3.3),
according to which string and wind players produsidilar patterns of results,
these two categories were, on occasion, pooledhegeso that the resulting
categories were threg:vocalists ii) monophonic instrument playersincluding
all string, woodwind and brass instrument playersi@) pianists.

Solfege useAs in the between-groups design (Chapter 3.33, was examined
in two levels: in the first level, subjects werevided into solfege and non-
solfege groups according to whether they belongethé experimental or the
control group, respectively. In the second levalttipipants in the solfege group
were filtered further according to the data frome thO-minute practice
transcriptions: participants who hadtually used solféege were separated from
those who had not used solfege in an audible watfdeast 1 minute during
practice. As in Experiment 1, this categorisatioaswseful in distinguishing
between the lower, or first, level of acquaintandi solfege note names, which
does not necessarily imply use of these elementsiusical reality, and the
higher, or second, level of extended and cultivaaaiiliarity with solfege
labels, which is presupposed for the use of solfigenusic practice. The
distinction between the two levels may also be giged as a potential
distinction between thenmplicit and theexplicit effects ofsolfege knowledge.
For this reason, the labeBolféege use (land Solfege use (Eare going to be
used hereon to denote whether the first-level (iertplor the second-level

(explicit) solfege knowledge is being investigated.
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In the course of the analysis, the effect of otlatables was examined as well, in order
to clarify the main factors affecting performanseich factors were AP possession,
memorisation frequency for the Tonal piece, andléwel of familiarity with atonal

music for the Atonal piece. Statistical analysesenmnducted using three-way mixed

ANOVAs, repeated contrasts and multiple regresaialysis.

4.3.1. Repeated measures analysis

In line with the findings from the analysis of ddtam the £' experiment (see Chapters
3.1 and 3.2), the distributions for performanceresowithin groups were found

significantly non-normal in most occasions. F-stats are known to be robust to
deviations from normality only when group sizes evequal (Field, 2009); in this case,
the sample sizes for groups categorised by Soliegeg(l) were N = 17 and N = 12 for
the control and the experimental groups, respdgtiviehe 17 subjects of the control
group included two AP participants, whereas themrewno AP possessors in the
experimental group; supported by findings from Expent 1 (Chapter 3.3), indicating

that AP possession affected performance resulid, fallowing the need to balance
sample sizes, the 2 AP participants were removewh fihe analyses. Even after this
correction, however, group sizes were still différeboth in themselves and according
to instrumental type: following the removal of A&bgects, the control group included 6
singers, 4 monophonic instrument players and Sigignwhereas in the experimental
group there were 3 singers, 6 monophonic instrurpkayers and 3 pianists. Bearing
these restrictions in mind, ANOVA results were useih caution regarding their

possible interpretations.

F-statistics for all three performances of bothToheal and the Atonal piece in Phases 1
and 3, did not reveal a significant effect of sgdéause (I) on performance scores, apart
from one case: in the3performance of the Tonal piece, there appearebeta
significant interaction between performance scaneBhase 1 and 3 and whether the
participant had or had not learnt solfege, F(1, 20).37, p < .05; this interaction was
not accompanied by a significant main effect ofesgg use (1), F (1, 20) = 0.48s It is
important to note at this point that, apart frora tolation of the normality assumption,
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homogeneity of variance had also been violatedhasjever, the non-solfege group,
which was larger, had produced larger variances tha solféege group, the resulting F
statistic was believed to be conservative (Fiel®09, and therefore reliable.
Nevertheless, because of the violation of the nbtynassumption, this finding was
only used as an incentive to investigate furthex thanges in scores in th& 3

performance in further analysis and was not ingtgat per se.

Instrument category (4 groups), on the other hapgeared to have a significant effect
at p < .05, in all performances but th€ gerformance of the Atonal pietdRepeated
contrasts revealed that, as in Experiment 1, thiegstand wind group produced
significant contrast interactions with both theg&nand the pianist group; differences

between singers and pianists were found non-sagmifiin all cases.

4.3.2.A, scores

In order to proceed with further analysis withautreasing the risk of Type | and Type
Il errors, which would be a consequence of usingethiANOVAs when assumptions
had been violated, analysis was done ugirsgores (see Chapter 3.3) instead of actual
scoresA scores represented change in performance scdoegatad by subtracting the
Total score of one performance from the Total sadfranother performance for the
same piece, in the same Phase. For examplgs was calculated by subtracting the
Total score of the*iperformance of the Tonal piece in Phase 1 fronilthtal score of
the 2" performance of the same piece, 15 minutes late.r&sulting score could have
either a positive or a negative value; negativaieslindicated that performance had
deteriorated between thé' &and the ¥ performance, whilst positive values indicated

that performance had improved, resulting in a higiere the %' time.

% All effects are reported as significant at p <..Bér the 1st performance of the Tonal piece therea
significant main effect of instrument type, F(3) 214.83, for the %' performance of the Tonal piece
there was also a significant main effect of instemtrtype, F(3, 21) = 3.72, as well as for tffe 3
performance of the Tonal piece, F(3, 20) = 7.37.tRe T' performance of the Atonal piece there was a
significant main effect of instrument type, F(3) 215.86, for the ' performance of the Atonal piece
there was also a significant main effect of instemtype, F(3, 21) = 5.55, but no significant effeas

found for the &' performance of the Atonal piece, F(3, 17) = 216,
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These scores were calculated for the change betalepairs of performances of both
pieces, in Phase 1 and in Phase 3. Subsequansigores for Phase 1 were subtracted
from their counterparts in Phase 3, yielding ascore, which showed how much the
subject’'s performance had changed over the Phakesfunction ofA, scores can be

made clearer by using an example, using the hypo#éthecores provided in Table 4.3:

Phase 1 Phase 3
Tla T1b Tic T2a T2b T2c
600 660 630 700 660 680

Table 4.3: Scores assigned to a hypothetical participant, edrapleted all 3 performances for Phase 1
and Phase 3. T1 and T2 represent the two diffeceral pieces the participant was tested on, while a

and c signify the %I, 2@ and 3 performance of the same piece, respectively.

According to the scores in Table 48 scores for this imaginary subject would be the
following:

At1pa= 660 - 600 = 60

At1cp= 630 - 660 = - 30

At1ca= 630 - 600 = 30

At2pa= 660 - 700 = - 40
At2ep= 680 - 660 = 20
A12ca= 680 - 700 = - 20

The above numbers reflect that the performanchisfsubject improved by 60 points in
the second performance and then deteriorated lpoBfs in Phase 1, while in Phase 3

the performance deteriorated the second time arddbt better the last time.
A, scores for the same participant would be:
Aptha=-40 - 60 = - 100

AATca: '20 = 30 =- 50
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Antep = -20 - (-30) = 10

As such, Ay, scores can function as an overall assessment efettperimental
manipulation that took place between Phases 1 anddiating the nature and the
extent of the effect it had had on the participarerformance, regardless of the
absolute values. For example, the fact that in ®Bathe ¥ performance deteriorated,
while in Phase 1 it had improved, is reflected lo@ large negative value dfytpa On
the other hand, the fact that tH& gerformance showed less deterioration than tha2
Phase 3, compared to Phase 1, is reflected indbitiye value ofAxrcy: although in
both cases performance deteriorated, the factitidgteriorated less in Phase 3 is a

relative improvement.

Ap scores can be, thus, viewed as providing ‘stamsidd values of score changes,
independent of absolute values. These are alsalusefdiminishing possible effects
between the different tonal and atonal pieces pmaed (T1, T2, T3 and Al, A2, A3
respectively): differences in technical difficultywhich could result in lower overall

scores, are neutralisedAnscores.

In order to make interpretation easiap, scores will be hereon named like simple
scores:
1. Atba, Aten, Atca , Will represent the change in scores betweerdthe 2, 2" —
3% and £'— 3rd performance of the Tonal piece, respectiieéyyveen Phase 1
and Phase 3.
2. Anba , Aach, Aaca , Will represent the change in scores for betwibent! — 2'9)
2" — 39 and #'- 3rd performance of the Atonal piece, respectivbtween
Phase 1 and Phase 3.

Positive values of these scores indicate that tt@eswas higher in the latest
performance, thus performance had improved; negatslues, on the other hand,
indicate that the score was lower in the latesfoperance, thus performance had

deteriorated.
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4.3.3. Analysis ofA, scores

Multiple regression analysis was conducted usintheane of theA, scores as the

outcome variable, with two predictors: instrumeyget (3 groups) and solfége use (I).

Residuals plots raised concerns regarding hetettasteity in the data, so bootstrapped

samples were used,, scores were the only ones that yielded non-siganifi F

changes (p > .05); multiple regression statisticsAf., and A+, are provided in Table

4.4:
Atca Atch
A, scores for the
Tonal piece B SEF b B SE B b
Step 1
Constant -51.33 55.30 120.59 32.25
Singers vs. - 159.39 118.30 -.29| -289.59 80.23 - .67
Monophonic
Singers vs. 13.75 115.05 02| -161.99 61.86 - .3%*
Pianists
Step 2
Constant - 124.58 80.37 65.85 51.25
Singers vs. - 232.64 129.83 - .42 - 344.33 79.98 - .80*
Monophonic
Singers vs. 4.60 127.92 .01] -168.83 71.17 -.38
Pianists
Solfege use (1) 219.75 105.31 42 164.22 64.14 40

Atea R?= .09 for Step 1AR*= .16, p < .05 for Step 2.
Aver. R?= .35 for Step 1AR?*= .14, p < .05 for Step 2.

*p >.05ns
**p<.05s
***p<.0l,s

a. Bootstrapped values. Significanceffas also based on bootstrap results.

Table 4.4: Multiple regression statistics fa., andAte,. Instrument use (3 groups: singers, monophonic

instrument players, pianists) and Solfége use €hevused as predictor variables.
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The values and significance AR scores reveal that the inclusion of instrumentpéty
and solfége use improved the model significantlprélspecifically, negative B values
indicate that singers showed the most relative avwgment between Phases 1 and 3,
both between the second and third and betweenirdteahd third performance. It is
important to remember at this point that the temlative improvement’ does not
necessarily imply that singers’ performances oveyal better between the'land the

3% or the 2% and the % performance; rather, it suggests that, even iesaghere
performance deteriorated between performancesndaed to deteriorate less in Phase 3
than it had done in Phase 1. The difference betvegggers and pianists in relative
improvement between thé'and the % performance was found non-significant; it was
found significant, however, for the change betwéen 2 and 3' performance, with

pianists more likely to show deterioration in penfiance scores than singers.

Implicit solfége use also appeared significantifiqprovement between performances in
Phases 1 and 3; B values suggest that participamishad completed successfully the
solfége course tended to show more relative impnere for the % performance in
Phase 3. It is important to note that the same inwds tried with the substitution of
implicit solfége use with explicit, for alk, scores, but was found non-significant in all
cases. This apparently contradictory finding wél éxamined further in the subsequent

section, analysing, frequencies.

The same predictors, Instrument type (3 groups) Solfege use (l), were entered in
multiple regression models fax, scores for the Atonal piece performances. For the
Anch @andAaca models AR? values were found non-significant just over .05 (952 for
Ancp and p = .054 foracs); parallel toAmpa , AR? for Aapa Was highly non-significant at
p=.39.

When, however, familiarity with atonal music wage¥ad as a sole predictor in the
analysis forAaps, the model reached significance. The categorisatib participants

regarding their familiarity with atonal music wasde according to their questionnaire
responses in Phase 3, which had taken place 7 matftér Phase 1 (Appendix 3):
participants who had responded that their leveéofiliarity with atonal music had not
been altered since Phase 1, were used as the neaseliegory. Participants who

responded that their level of familiarity with agdrmusic had changed since Phase 1
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and the result ranged from them being from ‘Neitffi@miliar nor unfamiliar’ to
‘Extremely unfamiliar’ were placed in one categoparticipants who found their
familiarity had changed to ‘Familiar’ or ‘Extremetgmiliar’ were placed in the second
group. The hypothesis tested was that subjectshaddancreased their familiarity with
atonal music between Phase 1 and Phase 3 wouldmebosvrelative improvement both
than subjects whose familiarity with atonal musadhremained unchanged and than
subjects who had responded that their level of lfanty had deteriorated. Multiple

regression statistics are shown in Table 4.5:

Anba
B SE B B
Constant 3.67 30.46
Unchanged vs. familiar 293.63 85.40 52*
Unchanged vs. neutral/unfamiliar 50.85 48.03 A2
Note: R= .27, p < .05.
*p>.05ns
**p<.0l,s

a. Bootstrapped values. Significance fois also based on bootstrap results.

Table 4.5:Multiple regression statistics fdxapa , using familiarity with atonal music as the predic

variable.

The significance of the beta value for the conttaetween the unchanged and the
augmented familiarity group indicated that partais who had selected either the
‘Familiar’ or the ‘Extremely familiar’ answer in & questionnaire (Appendix 3)
produced a statistically significant differencdheir relative improvement, compared to
all other participants. This finding was not cotend with predictors for the actual
scores in the atonal performances in Phase 1:pteultegression using either th& dr
the 2 performance of the Atonal piece, in either Phase Phase 3, as an outcome
variable and familiarity with atonal music as theegictor, yielded non-significant
results in all cases. This finding suggested thatilfarity with atonal music was not, in

itself, a significant predictor for performance iine Atonal piece; when, however,
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familiarity increased to reach a level that thejsabfelt s/he was familiar with atonal
music, performance showed more relative improvenbetiveen the 3t and the ¥
time. Many possible interpretations could expldirs teffect: one could be that, when
the subject was not very familiar with atonal musiee £' performance was the most
accurate because it relied on short-term memougtstres; when, however, familiarity
increased, the subject was able to construct a stalde memory trace, leading to an
improvement in the ¥ performance. This way, the change in familiarigydl also
signified a change in the mental procedure theestitljad used to approach and break

down the piece.

The non-significance of the contrast between thehanged and the neutral/ unfamiliar
group suggests that, although increased familiavitlf atonal music seemed to provide
a relative advantage in the memorised performahtieeocAtonal piece, non-familiarity

did not necessarily entail a disadvantage in thigyatm memorise atonal music.

This significant finding was only traced in theatie improvement between th& dand
2" performance: comparisons involving th& Berformance, with familiarity with
atonal music as the sole predictors, did not ysaphificant results, although fakach
the value of p for the overall model was just othex threshold of significance, at .051.
The non-significance of, scores expressing relative improvement regardieg3
performance may, again, be interpreted as sigmmp#te limits of short-term and long-
term memory: familiarity with atonal music may hasentributed towards the better
retention of the piece after 15 minutes, but thu laf practice between thé%and &'
performance — assuming that participants followestructions — did not allow this

effect to be upheld 24 hours later.

4.3.4.A, scores: Frequencies

In addition to regression analyses, it is intergsto examine the frequency with which
subjects showed relative improvement between pedoces in Phases 1 and 3. The
frequencies displayed in Table 4.7 represent thheepgage of participants whogg

scores had a positive value, indicating that tHeyned relative improvement between

the Phases for these performances; participantsasegorised by Solfége use (I), which
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is the distinction between the experimental (s@jeand the control (non-solfege) group
and by Solféege use (E), in which solfege participaare only the members of the
experimental group who used solfége in their 10wt@rpractice session in an audible
way. Table 4.6 provides the absolute frequenciegshie members in each group who

successfully completed Phase 1 and Phase 3; ARipants are excluded from the

count:
Table 4.6: Absolute frequencies
Tonal piece Atonal piece
N

Atha  Atca At | Aaba Anca Anch
Solfege (1) 12 12 12 12 12 12
Non-solfege (1) 15 14 14 15 12 12
Solfége (E) 8 8 8 7 7 7
Non-solfége (E) 19 18 18 20 17 17
Total 27 26 26 27 24 24

Table 4.6:Count of participants in each group. 2 AP partinigaare excluded from the count and one
participant failed to complete Phase 3 of the expemt. One participant in Phase 3 failed to attied
3 performance of the Tonal piece and thereforapgandAr, scores could be calculated; the same

happened with 3 participants in the Atonal piece.
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Table 4.7: Percentage frequencies of positivie, scores

Tonal piece Atonal piece
%
Atpa Atca Atch Apba Anca Anch
Solfege (1) 41.7%  58.3% 50% 66.7%  58.3%  58.3%

Non-solfége (1) 26.7% 14.3% 57.1% 53.3% 75% 58.3%

Solfege (E) 125%  50%  62.5%| 57.1% 71.4%  71.4%

Non-solfége (E) | 42.1%  27.8%  50% 60%  64.7%  52.99

o

Total 33.3% 34.6% 53.8% 59.3% 66.7% 58.3%

Table 4.7:Percentage of participants who showed relative awgment in performance between Phase 1

and Phase 3, yielding positivg values.

Percentage frequencies of positive relative chamgeores between Phases 1 and 3 are
very different for the experimental and the conggmup, regarding the Tonal piece: as
shown in Table 4.7, only 26.7% of the control gramproved their 2 performance in
Phase 3, as opposed to 41.7% of the experimemapgiThe difference becomes even
larger in the relative improvement in th& Performance, where a mere 14.3% (2
subjects) of the control group performed bettelPlmase 3, as opposed to 58.3% (7
subjects) in the experimental group. The differebebveen the experimental and the
control groups diminishes in the comparison of Bhasetween the"2and the %
performances, where approximately half of each grerformed better in Phase 3; the
explanation for this apparently strange effechat the participants’*iperformance for
the Tonal piece was considerably different than ribgt two, but did not change as
much between the"? and the % time. This finding is consistent with multiple
regression analysis results, which revealed Soltesge(l) to be a significant factor in
predicting relative improvement in performance testw the T performance and either
of the remaining two. Also consistent with non-gligiant regression results, percentage
frequencies for positivA, scores in the not-audible solfége (non-solfEgand audible

solfege use (solfeg&) groups are discrepant between different perfooasmnonly
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12.5%, or 1 out of 8 participants who audibly usetfége performed better in th&'2

performance in Phase 3, as opposed to 42.1% dtiparits who did not use solfege.
This difference, however, was reversed in tffepgrformance, where 50% of solfége
participants performed better than they had inlffjeas opposed to 27.8% in the non-

solfege group.

Possible explanations for this reverse effect ghalgo contain an explanation for the
discrepancy between the results of implicit andieisolfége users; it is useful, at this

point, to recapitulate what implicit solfege usdadled. Participants who belonged in

the experimental group had completed an intensifége course and had successfully
passed a solfege exam at the end of the coursehwiidk place between Phase 1 and
Phase 3 (see Chapter 2.2). It is important to ti@teno memorisation tasks, either with

or without the use of solfege, were undertakennduthe solfege lessons or for the

solfege exam. All subjects in the experimental graugre asked to use solfége in their
memorisation, although the extent and the naturefuse was up to their discretion:

they could either use it for certain passagesthferwhole piece, singing, vocalising, or

even mouthing the solfége syllables. The partidpamho had an audible solfege

production lasting more than 1 minute in the 10utenpractice session, were placed in
the explicit solfege use group; participants whalddoe heard using solfege for less
than 1 minute were pooled with non-solfége paréiotg, in the non-solfege (E) group.

Out of 12 participants in the experimental groupyede placed in the explicit solfége

use group; it is interesting to look at the prditef the 4 individuals who did not make

it in the group.

The 4 subjects who did not have audible solfegelytion of more than 1 minute in
the recording of the practice session included dhipt, 2 string players and 1 wind
instrument player. In the relevant question indhestionnaire, all but one of the string
players reported they found that solfége had hpdsitive effect on their memorisation
and further explained the nature of this effecte string player found no effect. This
suggested that, although not audible, they had,faict, used solfége towards
memorisation. The fact that they had not practiseifege audibly can receive
numerous explanations: apart from the wind playdm had the additional excuse of
the explicit use of solfege automatically prevegtisimultaneous practice on the

instrument, the most economical explanation wo@dHat non-singers were more self-
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conscious about singing solfége alone, especiafigesthey knew they were being
recorded by their solfége teacher. Although altipgants were continuously asked to
sing during solfége lessons, the singing was makihe in groups or in pairs; only in
the exam setting were the participants asked tQ Binthemselves. The fact that all
singers in the experimental group used solfege biudiupports this explanation.
Although it could be argued that these four pgraats had completed the questionnaire
in the way they thought it was more ‘appropriaigyen the task and their solfege
student—teacher relationship with the researchei; tompetence in solfége, proved by
their high marks in the solfege exam and the sicgnit regression results of the Solfege
use () predictor indicate that these participdrad, in fact, used solféege and that this

affected their memorisation performance.

Consistent with multiple regression analysis resuWhich yielded non-significant
values for solfege use as predictor for relativgoriomement in the Atonal piece
performances, positiva, scores for the Atonal piece do not reveal any pnemi
differences between the solfége and the non-soléggaps (Table 4.7). Percentage
differences between the explicit solfege groups betow 10 units for relative
improvement between thé't 2 and the T — 39 performance; it seems, however, that
the 3° performance for the explicit solfége group wassigerably better in Phase 3, as
71.4% of this group produced a relatively bettdrpggrformance. The difference with
the explicit non-solfege group, for which the e@lént percentage was at 52.9%,
suggested that, while for the solfege group theescamproved considerably across
Phases between thé8°2and the % performance, for the non-solfége group the scores
remained relatively stable.

In the distinction between the experimental and twatrol group for relative
improvement in Atonal performances, percentageuiagies reveal that the solfége
group improved more in the"2performance, whereas the non-solfége group showed
more relative improvement between th& d@nd the % performance in Phase 3. The
percentage differences in relative improvement betwgroups in this comparison set
and the explicit solfege use comparison groupsangradictory; as regression analysis
did not provide any evidence regarding predictdrgs hard to draw any conclusions
regarding solfége use and relative improvemenenfiopmance scores from this dataset.
A final attempt to illuminate these results will bede in the subsequent section, where

evidence from the questionnaire responses will$e examined.
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Finally, it is interesting to see how, scores changed according to instrument,
separated by solfége use (l). Regression analewes that instrument type was a
significant predictor for relative improvement hret3® performance of the Tonal piece.
This finding, in conjunction with findings from Erpgment 1, led to the investigation
of instrument type as a predictor for performanoath in Phase 1 and in Phase 3:
multiple regression analyses showed that instrurtygret was a significant predictor (p
< .05) for the 1 and 29 performances of both the Tonal and the Atonal eien
obvious problem with revealing any trends in thetadalistinguishing different
instrumental types and solfege use is that the eurnob subjects in each group is
extremely small, as shown in Table 4.8; in additiorthe already small groups, some
participants from the control group failed to attethe last experimental session,

diminishing the numbers even further:

Number of participants categorised by instrument ad Solfege use (1)

Tonal piece Atonal piece

N 131 3rd 1St 3rd
performance  performance | performance performance
P —

Singers — Solfege (1) 3 3 3 3

Singers — Non-solfege (1)

Monophonic — Solfege (1)

Monophonic — Non-solfége (I)

Pianists — Solfege (1)

g wl b~ O O

6
6
3
3
5

g wl &~ O O
w Wl b~ O O

Pianists — Non-solfege (1)

Table 4.8:Number of participants in each instrumental grauthe experimental and control conditions.

The same number of participants in each group ceteglthe experiment in Phase 1 and 3.

Table 4.9 shows the percentage frequencies ofcpaatits in each group who had a
positive A, score, indicating a relative improvement betweeriggmances; because of
the exceptionally small absolute frequencies inhegmup, positiveA, percentage
frequencies are provided only for the differenceveen the ¥ — 2'¢ and the T — 3¢
performances of the Tonal and Atonal pieces, asetlscores represent the more

definitive differences between short-term and loegn retention:
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Table 4.9: Percentage frequencies of positivie, scores

categorised by instrumental group

Tonal piece Atonal piece
% ATba Atca Apba Anca
Singers — Non-solfege (1) 0% 16.7% 66.7% 80%
Monophonic — Solfege (1) 50% 33.3% 66.7% 50%
Monophonic — Non-solfege (1) 25% 0% 25% 50%
Pianists — Solfége (1) 66.7% 66.7% 66.7% 66.7%
Pianists — Non-solfége (1) 40% 20% 60% 100%

Table 4.9:Percentage frequencies of participants in eachuimgintal group who yielded positivg

values, indicating relative improvement in perfonoa

Table 4.9 shows that, for the Tonal piece, 2 outhef3 singers who had used solfege
performed better in the next-day performance ofsBI& as opposed to just 1 out of the
6 singers who had not received any solfege instnuend had not used solfege. For the
Atonal piece, on the other hand, there was no stesid, as the "8 performance in
Phase 3 improved for 2 out of 3 participants in slodféege group and 4 out of 5

participants in the control group.

Monophonic instrument players who belonged in tkigeeimental group did not show a
trend for relative improvement in either performara the Tonal piece, whereas they
showed more relative improvement than controlstier2'® performance of the Atonal
piece: 4 out of 6 solfége participants performettebein the 2 performance of the
Atonal piece in Phase 3 than they had done in Phaadereas only 1 out of 4 control
subjects improved in thé®performance of Phase 3.
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Finally, pianists in the experimental group show#d same trend in relative
improvement with singers: 2 out of 3 pianists wreed solfége improved their3

performance of the Tonal piece in Phase 3, whetkassame improvement was
displayed by only 1 out of the 5 pianists in thatcol group.

4.4. Discussion

4.4.1. Research question no. 1: Can adults learn @nuse

solfege effectively?

The first hypothesis tested in the experiment dtttat:
1. Musicians who learn solfege as adults are ableswiueffectively in order to

memorise music.

This statement was supported by statistical angslyseestionnaire responses and
empirical findings. Transcriptions of the 10-minyeactice sessions showed that most
participants in the experimental group used solfagen audible way during practice: 8
out of 12 participants used it audibly whilst prsicty the Tonal piece and 7 out 12 used
it audibly in the Atonal piece. Multiple regressianalysis results, however, suggested
that extrovert, or explicit, practice was not neeeg to affect performance; the
significance of implicit solfége use, as well asesfipnnaire responses of the
participants who had not sung solfege during treetire session, suggested that they
had been able to use solféege note names to conatradternative mental image of the
piece. The responses of participants who, despitehaving used solfége extrovertly,
reported a positive effect of solfege use on timeémorisation in the questionnaire,
suggest that a version of the mechanisnsdafdifying the musical trace via verbal
encoding described in Chapter 1.2, had very possibly tgiece: according to these
subjects, the use of solfége in the Tonal piecébledathem to ‘remember melodic
shapes better’, ‘remember the note names in thHeudif bits’ and ‘think about and

remember intervals’, while for the Atonal piecehiglped them ‘make sense of the
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melody’, ‘concentrate on intervals than finger pais’, ‘remember the beginning of

each phrase’, or simply ‘remember note names alotig[rhythmic] values’.

The feedback from the solfége lessons taking plachase 2 of the experiment,
presented in section 2.2.4, also supported the thgpis that solfége could be used
effectively to learn new music; 78.95% of partigipmwho felt they had learned solfege
adequately stated they would use it in order tonlemfamiliar music (section 2.2.4).
Participant responses in the questionnaires coetkiiring Phase 3 also supported the
view that solfege could be used effectively in musnemorisation; participant

responses in the relevant question are shown uré& i 1:

Participant responses regarding the effect of solfg on memorisation

M Tonal piece
B Atonal piece

No. of responses

No effect Negative effect Positive effect

Figure 4.1: Participant responses regarding the effect of gelfén their memorisation of the Tonal and

the Atonal piece.

The bar chart in Figure 4.1 shows that most paditis found a positive effect of
solfege on their memorisation. The 2 participaatgorting a negative effect were a flute
player and a soprano; the flute player commentadl $he had found it confusing,
because she had tried to memorise the piece sirggligge first, without using an
instrument as a point of reference: as a resulhslddearnt incorrect pitches in singing,
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so, when she played it, ‘the patterns weren't tigFltis was obviously a case of misuse
of solfége, very possibly linked to the fact tHag particular subject was performing on
a wind instrument, meaning that it was more ditti¢a use it as an aid while learning
to sing the piece. Although the participants perfed the tasks in a practice room with
a piano and were encouraged to use the piano yfrireded to, none did; those who
were less accurate in terms of pitch and intonatieed their own instruments to learn
the pitches. The fact that the particular partictdead used neither a piano nor her flute
as a type of ‘tuner’, rather than the use of safigelf, was more likely the reason why
she had found a negative effect on her performaroe responses of the remaining two
participants reporting a negative effect of solfege memorisation were less
illuminating: a singer in the Tonal piece reportdtht solfége had ‘thrown her
concentration slightly’, while a pianist in the At piece found that solfege ‘helps with
tonal music more’. One of the most interesting arptions of the positive effect of
solfége on the memorisation of the Atonal piece wesvided by a soprano, who
commented that solféege ‘gives the piece an ordeenwfinding a melodic line is
difficult’.

4.4.2. Research gquestion no. 2: Does the use ofége improve

memorised performance?

The second hypothesis tested in the experimermdsthat:
2. Learning and using solfége will improve performaite music memorisation

task compared to not using solfege in the same task

Due to the violation of assumptions for parametésts, this hypothesis was tested
indirectly, usingA, scores in robust multiple regression analysisuResupported the

hypothesis for the Tonal piece, where implicit 8gf use was found to be a significant
predictor of relative improvement in thé® 3erformance, in Phase 3. This finding
signified that the last memorised performance efThnal piece, taking place 24 hours
after the ¥, improved more, compared to th& performance, for subjects who had
learnt and used solfége than for subjects in tmérabgroup. The relative improvement

in the 3 performance also provides support for the thebougsolfége creating a more
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stable memory trace, which is more easily storatiratrieved in long-term stores; the
results of the present analysis justify furtherestigation of the exact mechanisms
behind solfege encoding.

Although the hypothesis was supported for the Tpmade, it had to be rejected for the
Atonal: regression results showed that neither iciiphor explicit solféege use were
significant predictors of relative improvement irerfprmance scores. Percentage
frequencies of positivé\, scores (Table 4.7) revealed that subjects whoaualibly
used solfége during practice had improved in t&8iperformance in Phase 3 by 18.5%
more than participants who had not used solfégehiasfinding, however, was not
supported by regression statistics, further exatimna using a larger sample, is
required in order to reach a more definitive cosn regarding the effect of solfege
use on the memorisation of atonal music. It is Wwowdting, however, that questionnaire
responses regarding the effect of solfege use @thnal piece, as depicted in Figure
4.1, did not differ much from responses regardimTonal piece, in which solfege use
had been established as a significant predictopesformance. This suggests that,
although analysis did not support the hypothesisafonal music, the use of solfége in
the Atonal piece provided participants with a ‘dsylogical’ advantage, since the use
of solfege had, in most cases, made them feel meceire about the quality and

effectiveness of their memorisation strategy.

4.4.3. Research gquestion no. 3: Which instrumentajroup is

benefited more by solfége use in memorisation?

The third hypothesis tested in the experiment dttitat:
3. The positive effect of solfege utilisation in theemmorisation process will be

highest amongst singers and string players andgdonweiano players.

Due to the use of multiple regression analysisesxtof ANOVA or MANOVA, post
hoc tests and interaction graphs were not availablerder to test this hypothesis; it
was, therefore, tested indirectly, by cross-exangnh, frequencies and multiple

regression statistics.
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Multiple regression results provided partial supgor the hypothesis, showing that
singers were more likely to present relative imgioent in their performance of the
Tonal piece in Phase 3 than monophonic instrumiayeps and pianists. Piano players,
on the other hand, who were expected to performsevdhan both singers and
monophonic instrument players, appeared to detggoless than string and wind
players compared to the singer group. The obvioablem with the interpretation of
these statistics is that, although instrument tgpd solfege use were both significant
predictors of relative improvement in the Tonalgeiethis does not reveal the extent of
interaction between the two parameters: it wasomby singers from the experimental
group who performed better in Phase 3, but alleamgfrom both groups. Restricted
sample sizes in each instrumental group dividedstljege use (Table 4.9) render
interpretations extremely tentative; it is worthting, however, that 2 out of the 3
singers in the control group performed better m tlext-day performance of the Tonal
piece in Phase 3, as opposed to just 1 out of thiaders of the experimental group.
The same trend was observed in the pianists’ pegoces in the Tonal piece, whereas
monophonic instrument players in the experimentadug did not perform very
differently than controls in terms of relative impement. These frequencies suggest
that, for the Tonal piece, an interaction betwewstrument type and solfége use may
exist; further testing is required, however, ina@rdo clarify the precise nature of the

cross-effects.

Such a trend was not found in positive frequentmes\, scores of the Atonal piece;
only monophonic instrument players in the experitaegroup appeared to perform
better in the ?' performance in Phase 3 than controls. This lack pfominent trend in
Atonal piece data is consistent with multiple regien analysis results, in which
neither instrument type nor solfége use were fotmde significant predictors for

performance.
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4.4.4. Research question no. 4: Is solfege use maective

when used in atonal music?

The fourth hypothesis tested in the experimenedttiat:
4. The positive effect of solfege utilisation will l#ronger for atonal music than

for tonal music.

This hypothesis was not supported by findings;fandontrary, solfége use appeared to
be a significant predictor for relative improvemanthe Tonal piece, whereas no such
effect was found for the Atonal piece. This happkdespite the fact that most solfege
participants responded that they had found a pes#iffect of solfege use in their

memorisation for the Atonal piece (Figure 4.1).

An explanation for this lack of a significant effedespite the participants’ intuitions,
can be found in the recordings of the practiceisessfor the Atonal piece. In many
cases, the participants attempted to sight-sind\tbeal piece directly, without the help

of an external point of pitch reference. This ledrtisconceptions regarding the musical
material of the piece, which, in turn, obstructbd performance of the piece on the
instrument. This, of course, could not have beendise with singers; the extremely
small number of singers in the experimental grohpwever, does not allow

comparisons which could verify or disprove thisathe

4.5. Summary

Despite the fact that the particularities of théadat and the size of the sample did not
allow definitive conclusions to be drawn for somietlee experimental hypotheses,
certain very interesting results arose. Solfége appeared to improve subjects’
performance in the Tonal piece, especially in thast Iperformance, supporting the
theory that solfege provides a stable encoding am@sm for musical material.

Moreover, although this was not supported by steisfindings, participants found a
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positive effect of solfége in their memorisatiorewadl, both for the Tonal and for the
Atonal piece; a possible explanation for the diganey between participants’ intuitions
and the results of analysis can be found in the subjects approached atonal music
singing. Nevertheless, solfege lessons elicited emthusiastic response from
participants, who, without any exceptions, statedhe solfege lessons questionnaires
(Appendix 1) that solfége had improved some aspédheir musicianship. Analysis
results provided concrete proof of the benefitsafége use in music memorisation,
especially for tonal music; moreover, the findiyggested that solfege use had an
increased positive effect on performances relyimglang-term memory. The next
chapter will attempt to shed some light into theywalfege labels are stored in working
memory, as a first step towards understanding dhg-term effects of solfege use in

memorisation.

192



Chapter 5

Experiment 3

The effect of pitch labels on music and

verbal memory: A comparative study



Chapter 5 Experiment 3

5.0. Introduction

The use of Aospan and Arspan tests in the pilotlystiChapter 2.2) revealed that
performance in these tests was not a reliable gheadbdf performance in the music
memorisation tasks. This was believed to happeausecoperation and reading span
tasks test a very broad set of skills, which fagtamusic memorisation performance in
only a minor way (see section 2.2.3.2), compareantoe domain-specific skills of

musical expertise.

The benefit of using the specific operation andlmgg span tests was their established
validity; devising new tasks would most probablyrgahe disadvantages of an ad hoc
procedure, as the timeframe of the present resahdchot allow further piloting. On
the other hand, even if the Aospan and Arspan tdsld yielded results which
correlated well with the results of the music meisairon performances, the correlation
would merely serve to support or reject the pobsibof existence of an overriding
relationship between working memory span and thecigpzed function of music
memorisation, rather than shed light on possibkranchical relationships between

different components of working memory, or on makand verbal working memory.

Since Aospan and Arspan proved inappropriate fertéisk at hand and the creation of
music-specific working memory tasks became a négesse tried to devise tasks
which would help define the function of verbal pitabels within working memory. In
accordance with the research aims (section 2.Galke)focus of the tests shifted from
determining span to bringing out interactions bemvpitch tasks using pitch labels and

verbal tasks. The following research question waséd:

If solfege names constitute verbal pitch labels wita unique musical dimension,
will their memory trace bear more similarities to verbal elements (e.g. words), to

musical units (e.g. pitches), or to a mixture of tb two?

An attempt to answer this question should inclddedevelopment of specialised tests
for solfege names, which will be able to detectdkistence of effects present in verbal

or in non-verbal items, based on the lexicality amipon recall (Hulme et al, 1991;
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Bourassa and Besner, 1994; Gathercole et al, 2@80th a conclusive examination of
solfege labels’ attributes is beyond the scope tamdframe of the present research;
certain preliminary tests, however, were developedrder to gain some insight

regarding the nature of solfege labels.

The working memory tests described in the followtitapters are based on music
reading, rather than listening, and are therefore targdtedmusicians only. The
rationale behind this design was the following: ghenary functional environment of
solfege is, arguably, music reading; we would tfueee expect all prominent
characteristics of solfege to be manifested whading, more so than when performing
or listening to music. If solfege syllables displegrtain characteristics when tested
within the music reading environment, then it vinét plausible to research further into
the same effects which can be possibly transfeweather functions; if, on the other
hand, solfege syllables appear to lack certain agharistics when used in music
reading, then it will be highly unlikely that thewill display these characteristics in
other circumstances. In addition, there is reseaugjgesting that music reading can be

regarded as an aspect of music perception (Sloli®&4, Wallner et al, 2003).

In order to have an outside point of referencenim eéstimation of the effect of solfege
use, solfege syllables were compared to letter samthe following tests. Letter names
were chosen on the grounds of their popularity #meir similarity with solfege

syllables: if letter names and solfége syllablesiaterchangeable, their memory traces

should have similar attributes.

The verbal and musical qualities of solfege mentomges, as described in the related
research question, were investigated within twoutettipn samples: solfege and non-
solfege. Solfege subjects used solfege syllablethénmusic recall task, while non-
solféege subjects used letter names; other thamtige of recall and the language the
test was presented in, the tests were identical.aFdests described in the following
sections, the Aospan test (Unsworth et al, 2008¢tfaned as a model for the macro-
organisation of the experiment. This decision wasified by two main factors:

1. Since one of the principal aims of the presentysiado determine whether or

not the mode of recall (syllables or letters) hastiect on memorisation, it is
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plausible to start testing this hypothesis by logkat whether the mode of recall
affects span.

2. The Aospan test has been shown to be a reliabieaitod of WM capacity, with
the additional advantage of being fully automatibdis easily administered to
participants. As the following tests do not aspogorovide anything more than
tentative and complimentary evidence towards tha mesearch question or, at
most, lay the preliminary groundwork for more coetmnsive research on this
field, time-efficiency, both in terms of designiagd running the experiments,

was a crucial factor in selecting the particulaksa

For the above reasons, the Aospan test was adaptét the aims of the present
research by retaining the core concept of theimgstt and changing the stimuli both in
the main and in the distraction tasks. It is obgithat more comprehensive research is
required in order to illuminate the field of verlyabncoded musical pitch, including
music-specific WM tests as well as brain-imagindpicla will help locate the memory
trace in different recall modes and define itsiladties. The excellent work of V. J.
Williamson (Williamson et al, 2006; Williamson ef, 2010) is in this vein, although
her focus is considerably wider, testing music Emgjuage interactions in the general
population rather than in expert musicians. Theiltesof the following experiments
provide a first step towards examining the way ipaldr verbal labels affect music

memorisation performance.

Another major restriction resulting from the select of the particular type of
behavioural tests used to investigate cognitivenphena is that, naturally, the
experimental manipulation can only control the tgb@utput produced, rather than the
process that leads to it. A prominent example ispfge who use their ‘inner ear’
abilities when asked to memorise music by simplgdimeg it: these people will
primarily use the auditory dimension of the stinsulo perceive, process and store it
and will then ‘translate’ it into other types oftput as required upon retrieval. In order
to balance such effects, all tests were introduoggarticipants with extensive practice
sections, which served the double purpose of fansing them with the procedure and
with the output required of them. Economy of researsuggests that subjects will use

the same mode for storage as for recall, rathem ttranslating’ data between two
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modes; this, of course, is only true provided ttety will have the specified mode

readily available in their cognitive mechanismstielg to music reading.

A total of 86 participants were tested in the fallog experiments: 45 were music
students or staff members in the University of Huld 41 were music students or staff
members in the Aristotle University of Thessalonikil subjects tested in Hull had

English as their first language and all music stisldrom Thessaloniki had Greek as
their first language; the tests were administeneinglish or in Greek, respectively. All

Greek participants had been taught solfege durivar tchildhood and were also

following the solféege courses taught as part ofrttlegree programme. Out of the 45
English participants, 9 had followed an intensiweirse in solfege training over the
previous academic year and had passed the relexam (see Chapter 2.1): they
constituted the ‘taught solfége’ group. It is im@amt to note that the last systematic
contact, i.e. in the form of lessons, the subjectiis group had with solfege had taken
place 9 months before the testing. The remainingr3glish participants had never been

taught solfége systematically and were not famiidh solfege names.

There were three core experiments (A, B and Ch witee variations for the second
and third experiments (B1, B2, B3 and C1, C2, @axh one lasting approximately 10
minutes. Each participant was tested on any cortibmaof three or four of the
experiments in a single, 45-minute session; noigiaants completed all seven
experiments: for example, participant no. 1 coubdnplete experiments A, C1, B3,
participant no. 2 experiments B1, B2, C3, and soTdns pseudo-random design was
used in order to maximise the number of participar@mpleting each test; as some of
the tests featured identical stimuli in the menaire or in the distraction tasks, there
were limitations as to which tests a single pasaat could receive. The benefit of
having more participants completing each experimantourse, entailed that there was
little control over the amount of participants cdatimg specific series of experiments,
which posed certain restrictions in data analysiisce, however, the present study had
primarily an exploratory character, testing thegeist possible sample in each one of the
experiments was considered extremely important. &kact durations of stimulus
presentations used in the main study were all baserkesults and feedback from the

pilot versions of the tests. In both countriesidegere administered to participants in
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the computer lab facilities of the respective MuBiegpartments; all tests were created

using the E-Prime version 1.2.

After the end of the last experiment in the sessjmarticipants completed a short
questionnaire, providing demographic informationd abackground information
regarding their music studies; the questionnaireeprovided in English and in Greek,
according to the country where the testing tookcglarhe English version of the
questionnaire can be found in the Appendix 3. TokowWwing sections contain an
account of each of the three experiments (A, Bar@) their variations (B1, B2, B3, C1,
C2, C3) separately; results will also be preseseguhrately for each variation, with a
summary of results at the end of each experimenB(AC). The combined results of all
experiments and their variations will be discusaethe end of the chapter, in section
5.4.
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5.1. Experiment A

The aim of this experiment was to provide a commmund for comparisons between
the solfége group and the non-solfege group befesting for interference between
verbal and musical data on recall; for this reasbmjas designed as a purely music-
reading task, without any parallel verbal interfere tasks. The participants were asked
to memorise and recall a four-note sequence, wigldorming a pitch-comparison

music reading task.

The only difference between the tests receivedhbynon-solfége, the solfege and the
taught solfege group was the mode of recall (sgar€i5.1): non-solfege subjects were
provided with a list ofetter note names whereas solfege and taught solfége subjects
were provided with a list ofolfege note namesFor the non-solfége and the solfége
subjects, the mode of recall provided was also rtiwele of recall they were most
familiar with; for the taught solfege participantspwever, solfege names, although
familiar, were not expected to be used as autoalbti@as letter names, especially
taking into consideration the 9-month gap betwdenend of solfége lessons and the
present tests. Taught solfege participants were ékpected to fall in two categories:

1. Participants performing a mental ‘translation’ beén letter and solfége names,
in order to recall material. These participants lddee students whose solfege
skills had, for various reasons, deteriorated der 9-month gap and were,
therefore, extremely uncomfortable using solfégenes directly. They were
expected to memorise stimuli thinking in letter menand then ‘translate’ them
to solfege names when required. Although the erpart did not pose any time
restrictions on recall, this ‘mediated’ use of egé names was expected to lead
to more confusions and mistakes than the directofissther the letter or the
solfege note names.

2. Participants trying to use solfege note names tiyre€hese participants were
expected to be students who had found solfege reste most beneficial
(section 2.1.2) and had continued to use it inrthersonal practice, or students
who had achieved high marks in the solféege exam gemnkrally felt very
confident about using solfege. Although these siibjead generally honed their

solfege skills to a satisfactory level during threyious year, they could not be
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considered fluent in the same sense solféege gaatits from Greece were fluent
in using solfege names. For this reason, and githentime restrictions in
stimulus presentation, these subjects were expdotggt confused and make

more mistakes in pitch names, compared to othgesish

There was no way, of course, to determine the exacte participants were using to
memorise and recall pitch sequences; the only attéoncontrol the expected transition
between the nominal and the functional stimulusctvis the stimulus as presented and
the stimulus as encoded (Eysenck, 1977), was thrpugviding mode-specific recall
options (see section 5.1.1.3). Both in the casgaifslation’ during recall, however, as
well as in the case of attempts to directly mengosismuli using solfege, taught solfege
participants were expected to have a relative gmaidge compared to the other two
groups of participants, when the use of solfegeesawas required. On the other hand,
in cases when the mode of processing was not éittay the experiment, i.e. in the
distraction task, taught solfége subjects were eepeto perform similarly to the other

groups. For this reason, the hypotheses testdatiaxperiment were the following:

1. Note span scores will be similar for both the nonedfege and the solfege
group and lower for the taught solfége group.

2. The distribution of correct answers in the distracton task will be similar

across the three groups.

Due to practical issues in the design and condgaiinthe experiment, the size of the
taught solfege group (N = 9) was significantly deralhan both the size of the solfege
group (N = 41) and that of the non-solfége group=N\86). This discrepancy was

exacerbated further by the fact that not all pgréicts undertook all 7 experiments (see
section 5.1.1.2 for a report of the participantoovdompleted Experiment A). Due to

this anomaly in the sample, statistical compariebthe scores of the taught solfege
group and the other two groups for the testing gpatheses 1, 2 and 3 was not
possible; analysis is going to include results frm non-solfége and the solfege
groups only and special mention will be made torttean scores of the taught solfege

participants.
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5.1.1. Method

5.1.1.1. Design

The study employed an independent design, withirependent variable: solfege use,
with three levels: solfege, taught solfége and swoifege. The dependent variables
were:

1. Note span, which was the total amount of notes nelpeeed.

2. Total task correct, which was the total amountasfect answers given in the

distraction task.

During the course of the analysis, other indepehdamables affecting performance

were examined, such as first-study instrument caeg

5.1.1.2. Participants

55 musicians in total completed the task, of wti@hwere English and 28 were Greek.
5 of the English participants had received solfesgaing over the previous academic
year and were therefore familiar with solfege noaenes; these participants completed
the English version of the solfége test. The remgi@2 English participants completed
the task using letter names, whereas all Greekcjpamts completed the task using

solfege names.

The English group included 17 men and 10 womer) it average age of 22.96 years;
25 participants were undergraduate or postgraduatac students in the University of
Hull and 2 were staff members in the departmenDmima and Music. 23 of the
English participants stated they did not have A& 4stated they did not know whether
or not they had AP. There were 9 singers, 2 spiagers, 3 wind players, 8 pianists, 4

guitar players and 1 percussionist in the Englisiup.

The Greek group included 9 men and 19 women, withveerage age of 21.57 years; 27

participants were undergraduate or postgraduateicmstsidents in the Aristotle
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University of Thessaloniki and one was a membestaff in the Department of Music
Studies. 1 Greek participant possessed AP and emotie stated she did not know
whether or not she had AP. There were 4 singess$tirlg players, 2 wind players, 17

pianists and 2 guitar players in the Greek group.

5.1.1.3. Materials and Procedure: Memorisation task stimuli

The memorisation task stimuli consisted of fourtchet sequences in treble clef,
presented in a single staff for 5 seconds. Thetdsndid not contain repetitions and did
not have an obvious, straight-forward tonal conpecgtalthough they were always
natural notes, without accidentals; each stimulas wresented as one 4/4 bar. The
presentation of the stimuli was visual only, with accompanying sound. An example

of a 4-note sequence to be memorised is shown sidiikample 5.1:

0
-
H4

Y

Music Example 5.1:0ne of the musical stimuli participants were askethemorise.

For the recall of the sequence, a screen appeahich contained a list of all notes with
their letter or solfege names, according to whethersubject belonged in the solfége,
the taught solfege, or the non-solfége group; argteox was placed next to each note.
The subject was instructed to choose the corrdetrio the correct order by clicking on
the relevant boxes; selected boxes turned red emuairad a number between 1-4, to
indicate the order in which they had been clicked lm addition to the seven note
names, a set of four ‘Blank’ options was availalitecase a participant forgot or was
dubious about the pitch of a note, they could cliekt to one of the ‘Blank’ options, in
the respective order they thought that note ocdumed then proceed with the rest of

the sequence. A screenshot of a recall screermvsrsim Figure 5.1.:
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Please select the correct notes

H: BEs:s Bc B
Be: Br B c B s
. Blank . Blank . Blank

Clear Next

Figure 5.1: A recall screen for the memorisation task usitgtenames. In this instance, the subject

could not recall the'3note of the sequence, therefore clicked one oftamk’ options in its place.

A ‘Clear’ button was also provided, which could bged in case the subject made a
mistake and needed to undo all previous selectibmste was no time restriction in the
recall screen; participants could spend as mucle tas they wished putting their
response together. Once the subject finished thsponse, they clicked on ‘Next’ to
proceed with the rest of the experiment. Beforedhimencement of the next task, a
feedback screen appeared for 2 seconds, whichmefibrthe subject of the exact
number of notes s/he had remembered correctly. ¥ample of a feedback screen is

shown in Figure 5.2:
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You scored 2 out of 4

Figure 5.2: A feedback screen for the memorisation task.

5.1.1.4. Materials and Procedure: Pitch comparison task stimuli

Between the presentation of the memorisation stisyahd its recall, participants were
presented with a series of note pairs. These pafgded one note in treble and one
note in bass clef, in random order; in this task, tthe presentation of stimuli was
visual only. Each stimulus stayed on screen fazebsds, during which participants had
to decide which note of the two had the highesthpitNo accidentals were used; the
reason both bass and treble clefs were used inakswas to prevent participants from
turning the pitch task into a spatial positioniagk, as, naturally, the higher note of the
two in the same clef is also the higher note onstiaéf. An example of the high—low

comparison task is shown in Music Example 5.2:

o)
7

QQTE)
——

Music Example 5.2:0ne of the high—low comparison tasks.
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The participants were instructed to select whicte nim order of staff presentation, they
thought was the highest in pitch by pressing 1 ogspectively in the numeric keypad.
If the participant thought that the first note (el C in the example) was higher, they
were instructed to press 1 on the numeric keygabey thought the second note (F4 in
the example) was higher, they had to press 2. dbfeek screen followed each stimulus
presentation, which lasted 1 second and containedod the following three types of
feedback, according to the subject’s responseréctr ‘incorrect’ or ‘no response’, in
the event the subject had failed to press any keyng the 4 seconds of stimulus
presentation. The high—low tasks were presentsétsmof 2—7 items, featuring different
pairs of notes each time. The importance of perifognthe task as quickly and as
accurately as possible was stressed throughoeixieriment.

5.1.1.5. General procedure

The whole of the experiment was mouse-and-keybdarken, without any need for
intervention from the experimenter. The experimertewever, remained in the same
room and was available to provide any help requiheding the practice trials; subjects

were not allowed to talk or ask any questions dyutire main experiment.

Before the beginning of the main core of the experit, the participant read the on-line
instructions and had the chance to perform pradtiaés, in order to get familiarised
with the procedure. As in the Aospan test, thetpradrials were broken down in three
parts: in the first part, the subject practisedyahle memorisation task; in the second
part, the subject practised the high—low task sgpbrand in the third part, the subject
combined the memorisation and high—low tasks, ginaulation of the experimental

procedure.

The core procedure comprised three experimental seteach set, the memorisation
stimulus was presented first, the high—low taska&iwed and the recall screen for the
memorisation task appeared at the end. The numbdmigh-low tasks in each

experimental set varied between 2 and 7 tasks.ewh#& overall number of high-low
tasks, across all three experimental set was batwlde and 15 tasks. A sample

procedure of a single experimental set is showfigare 5.3:
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1. MEMORISATION
SCREEN

2. HIGH-LOW TASK

3. FEEDBACK FOR THE _T
HIGH-LOW TASK

Repeated 2-IMeS eca| | SCREEN —

correct

Please select the correct notes

BH: H:s Bc Br
. E . F . G . Blank
. Blank . Blank . Blank

Clear Next

You scored 2 out of 4

5. FEEDBACK FOR THE —
MEMORISATION TASK

Figure 5.3: A schematic presentation of the procedure followeglach experimental set, based on the

model in Unsworth et al, 2005. Note that stagesd®3awere repeated between 2 and 7 times. The core

procedure is identical to the one of Aospan tddtsyorth et al, 2005).

After the end of the third experimental set, thetipgant was informed that the

experiment was over and was instructed to inforenrésearcher. Data logging from the

experiment allowed calculation of the following

1 Note span equal to the total number of notes remembererkectly in the correct

position, across all 3 experimental sets. The marinscore was 12, which is the

sum of all notes in the three 4-note sequencesingbé memorisation tasks.

(] Total errors, equal to the total number of errors made in tigh-How distraction

task. This score is further broken down in two g/pé&errors:

= Speed errors which is the total number of errors reported bg experiment

due to failure of the subject to press any key withe 2-second timeframe.
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= Accuracy errors, which is the total number of errors resultingnirthe subject

answering incorrectly to the high—low task.

In addition to these scores, the numbecatect answers given in the distraction task
was also used in the analysis; it was calculatedubtracting the Total errors score
from the total number of high—low tasks performietghout the 3 experimental sets.
This was thélotal task correct score and was calculated only as a percentage.scor

All the above scores were also calculated in peéacgnvalues. Before the start of the
experimental procedure, participants were remintdgdthe researcher that it was
extremely important to perform not only the mematiisn task accurately, but to
complete the pitch comparison task as quickly asdaecurately as possible. This
additional comment was made in order to be abdglotear to all participants that the
pitch comparison task was not, in any way, seconttathe memorisation task; it was
explained that it was as essential to produce cbamswers in the pitch comparison

task as it was in the memorisation task.

5.1.2. Results

Table 5.1 displays the descriptive statistics i@ tnemorisation and the distraction task

scores separately for the three groups: solfegghtasolfége and non-solfege:
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Mean Median SD Min. Max. Skew Kurtosis
Solfege | 11.32 12 1.39 7 12 -2.23 4.08
Note span | rougnt | 9 10 412 2 12 -171  3.09
solfege
Non- 10.36 12 2.54 4 12 -1.43 0.89
solfege
Solfege | 94.35 100 11.58 58.33 100 -2.23 4.08
Notespan| raught | 75 8333 3436 1667 100 -1.71  3.09
(%) solfege
Non- 86.36 100 21.14 33.33 100 -1.43 0.89
solfege
Solfege 2.36 1 3.12 0 13 2.17 4.97
Total Taught | 3.40 4 1.82 1 5 -057 -223
high—low | solfege
errors Nop- 2.73 2.50 2.59 0 8 1.04 0.25
solfege
Solfege 0.50 0 2.46 0 13 5.24 27.63
Speed | tought | 0.40 0 089 0 2 2.24 5
errors solfége
Non- 0.32 0 0.78 0 3 2.66 6.86
solfege
Solfege 1.86 1 2.35 0 10 2 4.63
Aceuracy | raught | 3 3 158 1 5 0 -1.20
errors solfege
Non- 241 2 2.42 0 8 1.08 0.69
solfege
Solfege | 83.34 91.29 22.45 0 100 -2.44 6.84
Totaltask | +oght | 74.09 6923 1573 5455 9333 012  -16
correct solfege
(%) Non- 80.73 83.33 18.39 38.46 100 -1.07 0.29
solfege

Table 5.1: Descriptive statistics for Experiment A scoressbifege knowledge group. It is important to

note the difference in group sizes: for the solfage the non-solfége group N =28 and N = 22,

respectively, whereas for the taught solfége ghdup5.

A value which raised some concern regarding thelityuaf performance in the

distraction task was the zero Total task correcresén the minimum value for the
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solfege group, combined with the maximum numbespefed errors in the same group:
these numbers suggested that there was at leastotfege subject who had failed to
complete the distraction task in parallel with theemorisation. Box plots were

examined and revealed that both scores belongetthetassame subject who, in an
experimental procedure comprising 13 distractiogkga(4, 5 and 4 in each set,
respectively), had failed to produce any responsi@mthe 4-second timeframe. As the
purpose of the experiment was to test performandf@® memorisation task monitoring
the interference caused by the parallel task, tata this participant were excluded

from all further analyses; for all subsequent asedy the number of subjects in the

solfége group is N = 27, unless indicated otherwise

After the removal of the outlier, Note span andalaéask correct scores were plotted,
both collectively and separately for the solfegd ann-solfége groups. It is important
to remember that Note span could receive valuesdsst 0—12, reflecting the exact
amount of notes recalled in the correct positioross the three experimental sets, and
that Total task correct is a score expressing dregmtage of correct answers a subject
got in the distraction task. In both cases, scagseared to have significantly non-

normal distributions, as shown in Table 5.2:

Tests of Normality

Note span Total task correct (%)

Solfege  Non-solfege  All| Solféege Non-solfege A

Shapiro-Wilk 419 .704 .614 197 .862 .859
df 27 22 54 27 22 54
Sig. .000 .000 .000 .000 .006 .000

Table 5.2: The Shapiro-Wilk test was preferred to the KolmmyeSmirnov because of the relatively
small sample sizes. Test statistics are showrh®distribution of scores in the two groups sedyats
well as in the total sample, including solfége giatsolfége and non-solfége participants. All

distributions were found significantly non-norméljpa< .01.

Because of the violation of the normality assumpaad the unequal sample sizes, non-

parametric tests were preferred to a one-way ANQVAMANOVA for data analysis:
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Mann-Whitney as well as Kolmogorov-Smirnov Z testsre conducted, as the latter
tends to have better power in analysing relativepes (Field, 2009). The Moses test
of Extreme Reactions was also used to check difte® in the range of scores between

the two groups.

For the Note span scores, both the Mann-Whitneytaadkolmogorov-Smirnov test

statistics were found non-significant at p > .0gporting the null hypothesis that the
distribution of Note span scores was the same actios solfege and non-solfege
groups. The Moses test of Extreme Reactions, ooter hand, was found significant
at p < .01, indicating that the range of scores wiggificantly different between the

groups. Note span scores were examined in ternsg@t occurrence frequency and
outliers and the significant Moses test was atteuo the fact that 2 participants in the
non-solfége group (9.1% of the cases) had a sdodeamd 5, respectively, while the

remaining non-solfége participants had scored batwkeand 12; in the solfege group,
all participants had scored between 7-12. The feignt Moses test was, thus,
attributed to the relatively small size of the séemn which the 2 outliers skewed the

non-solfége results significantly.

For the Total task correct scores, the Mann-Whitaeg the Kolmogorov-Smirnov test
statistics were also found non-significant at @%, supporting the null hypothesis that
the distribution of correct answers in the high—lask was the same across the solfege
and non-solfege groups. The Moses test of Extremactions was also found non-
significant at p > .05, showing that the range ofal task correct scores was the same

across groups.

Non-parametric tests supported the experimentabtingses regarding similarity in the
distributions of Note span and Total task correcras. As the extremely limited size of
the taught solfege sample (N = 5) rendered stedistanalysis for this subgroup
impossible, comparisons were made by looking atotltéers and the mean scores of
the three groups. The exact Note span scoreshbab subjects in the taught solfege

group had achieved are shown in Figure 5.4:
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Frequency of occurence

2 9 10 12
Note span score

Figure 5.4: The distribution of Note span scores in the Tawgifege group. 1 subject recalled 2 notes in
the correct position, 1 subject recalled 9 notethecorrect position, 1 subject recalled 10 natethe

correct position and 2 subjects recalled 12 nateke correct position.

According to the first experimental hypothesis, gatu solfege participants were
expected to have more trouble naming the recalléchgs accurately, due to an
assumed ‘translation’ process taking place. Thisydver, could not be confirmed by
the data from the 5 subjects who completed ExperirAealthough one subject yielded
a note span of 2, which was the lowest span athesthree groups, the remaining four
taught solfége subjects had scored between 9-bAupng a mean score of 10.75,
which was between the mean scores of 10.36 fomtmesolfege and 11.32 for the
solfege group. These figures did not reveal anydany amongst taught solfege

participants to perform worse in the music memaosatask.

According to the second experimental hypothesisght solfege participants were
expected to perform in a similar manner to the iotlve groups in the distraction, high—
low task. The mean scores for the taught solfegéege and non-solfége groups are
provided in Table 5.3:
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Total task correct (%) scores

Mean SE
Solfege 86.43 3.02
Non-solfege 80.73 3.92
Taught solfege 74.09 7.03

Table 5.3:Mean Total task correct scores for the three gelfgroups.

The mean Total task correct score for the taugifége group was quite lower
compared to the respective mean of the other twopy and had a larger associated
standard error; score frequencies were checkedewsaled that this difference could
not be attributed to outliers: three out of theeftaught solfege subjects had a Total task
correct score below 70, whereas the equivalent eusrfor the other groups were 2 out
of 27 (7.4%) for the solfege group and 4 out of(22.2%) for the non-solfege group.
Although this difference in mean scores could beesult of small sample sizes in

general, it was enough to justify further scrutafythe scores.

If mean Total task correct scores were considevag\eal a tendency amongst taught
solfege participants to make more mistakes in tistrattion task, one possible
explanation for this could be that the proposea@dnttation’ process described in
Chapter 5.1, rather than having a direct detrimegftact on the memorisation task, it
affected the distraction task negatively througkraale-off of attention. This would
mean that, because the particular five subjectsdidely on an automated process for
encoding and keeping the trace of the 4-crotchguiesgce active in working memory,
they had to devote more cognitive resources imibkeorisation/recall task rather than
the distraction task, leading to poor performamcthe latter. An obvious problem with
this theory is that it implies that the ‘translatiof letter names into solfége names took
place much earlier on than the recall screen; lier dttention trade-off to exist, the
translation would have to take place during theeBoads of stimulus presentation.
Although this may sound counter-intuitive in terofstime management, the fact that
subjects had the chance to perform at least thraetipe trials before the actual
experiment meant that subjects were anticipatiagttite mode of recall would be based

on solfege-names; this knowledge could very poggialve led subjects, especially the
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more confident ones, to memorise the sequence gsifigge names. Informal feedback
given spontaneously to the researcher at the entieobverall experimental session,
regarding the process taught solfege participarsd followed to memorise the
sequences, was circumstantial and contradictoryhabit did not help to clarify the
situation. The number of speed and accuracy ewass also checked, as more speed
errors compared to accuracy errors would proviggst for the theory, signifying that
taught solfege participants required more time edfgzm the distraction task; speed
errors, however, had only been made by one taugfége subject and occurred, in

general, extremely rarely in the sample, compaveatturacy errors.

Despite the sample size not allowing any definiteaclusions to be drawn regarding a
potential negative effect of the taught solfégedition on the performance of the high—
low task, the examination of scores revealed thexirte monitor performance on the
memorisation taskn relation to performance on the distraction task. This meaait ith
had to be ensured that excellent performance onnibeorisation task was not
accompanied by poor performance on the distradask, signifying that participants
tended to ignore the latter in order to performlwalthe former. Correlation of the two
scores was examined both for the whole sample anthé solfege and non-solfége
groups separately. For the sum of results, Note s found significantly correlated
to Total task correct = .29, p < .01. For the non-solfége group, theesaorrelation
was found to exist; = .39, p < .05; for the solféege group, howeverteNgpan was not
correlated to performance on the high—low task,17, p > .05. These results suggested
that participants from the non-solfege group whdgemed well on the memorisation
task were more likely to have performed well on tiigh—low task, too, whereas this
tendency did not appear in solfege participant® fHut that the tendency appeared in
the sum of results, including solfége, taught gfand non-solfége participant scores,
was considered to be a transfer effect from thaifstgnce of the effect in the non-
solfege group. The positive correlation suggesteat tgood performance on the
distraction task did not equate to poor memorisagierformance but, on the contrary,
subjects who performed well in one task tendedgo perform well in the other task;
this, in turn, indicated that the tendency of taugiféege participants to produce more
errors than other groups in the distraction tashilst keeping memorisation scores
relatively intact, was an occurrence isolated ie garticular group. This occurrence

could be explained either by sample size, meariagthis was a chance finding, or by
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the translation process, described previously,rferieg with attention resources;
testing a much larger sample would be the only gitder way to support either of the
two theories.

Having established that solfege knowledge mostaitybdid not affect Note span and
Total task correct scores, it is interesting toneixee other possible factors affecting
performance. Data analysis from Experiment 1 (despers 3.3 and 3.4) suggested that
the factor that mostly affected memorisation penance was the instrument
performed. Although the present experiment waserbfit, in that the first-study
instrument was not directly involved in the compet of the experiment, it was
considered worthwhile examining whether or not¢hsas a link between participants’

first-study instrument and their Note span and [T@aisk correct scores.

The total sample minus the outlier (N = 54) incldde singers, 4 string, 5 wind, 26
piano, 6 guitar players and one drummer. As insémtal categories were quite many
and very discrepant in size, further categorisatvas required in order to conduct
meaningful analysis. Experiment 1 results (Chaft8) had shown that monophonic,
l.e. string and wind, instrument players producedilar patterns of results, so they
were pooled together in one group; the same was ftumthe purpose of the current
analysis. Guitar players formed a separate categtthough it is important to note that
three of them were classical guitarists and threeevjazz and pop guitar players. The
drummer was also added to the guitar group, as meteeant to the jazz and pop guitar
group than to any other instrumental group of thasailable. Although the
categorisation of a drummer with guitarists maynseeld, it is worth noting that in the
present experiment the precise nature of the im&ni was not expected to affect as
much as the general music-reading context in whleh instrument is normally
performed. The resulting instrumental categoriesewe

a. Singers (N =12)

b. Monophonic instrument players (N = 9)
c. Pianists (N = 26)
d

. Guitars and drummer (N = 7).

For Note span scores, the Kruskal-Wallis test stiativas found significant at p < .05,

indicating that the first-study instrument categafiected the distribution of scores. In
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order to discover which group, or groups, in paltc caused the change, robust
multiple regression was preferred to post-hoc tistshe Kruskal-Wallis test, in order

to avoid inflated Type | and Type Il errors. Mulgpregression analysis using bootstrap
samples was conducted in the data, using Note sp@ne as the outcome variable and
the four instrumental categories as predictorsn &xperiment 1, singers were selected
as the baseline category, against which the othesetcategories were compared.

Multiple regression analysis results are shownabl& 5.4:

Note span scores

B SE B B
Constant 10.85 A7
Singers vs. monophonic 27 .78 .04*
Singers vs. pianists .50 .56 A%
Singers vs. guitar-drums -3.13 1.45 — .48

R°= .27, p= .001
*p > .05 (2-tailed)ns
** p <.05 (2-tailed)s

a. Bootstrapped values. Significanceffas also based on bootstrap results.

Table 5.4: Multiple regression statistics for Note span scores

The value of Rchange indicated that the predictors affected toeeahsignificantly;
beta values, however, indicated that the only &igant predictor was the difference
between the singer and the guitar-drums groupiggaahts in this group appeared to
have significantly lower Note span scores. It istiwmoting that the associated standard
error was much higher for this predictor group tltawas for the difference between
singers and monophonic instrument players or stngad pianists; this suggested that
the guitar-drums group showed more internal hetredy than the other groups. This
was attributed to the inherent heterogeneity ofigpants in the group; although the
categorisation was considered optimal for the aislgiven the sample restrictions, the
group still contained a rather arbitrary selectminparticipants. Due to skepticism
ensuing from this sampling flaw, score frequencmsan scores and outliers in groups
were examined. Mean scores for each instrumentalpgare displayed in Figure 5.5:
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10— i

Mean Note span +- 2 SE
o0
I
i

I I I I
Singers Monophonic Pianists Guitar-drums

Figure 5.5: Mean scores for the four instrumental groups: fogers (N = 12) M = 10.85, for
monophonic instrument players (string and wind efay (N = 9) M = 11.11, for pianists (N = 26)
M = 11.35 and for the guitar-drums group (N = 7)=W.71. Error bars represent the mean * 2
standard errors; standard errors were preferredanrdidence intervals in this case because of the

extremely limited size of the taught solfege sample

The mean scores of the first three groups in Figubewere very close, whereas the
fourth group displayed a significantly lower me&tore frequencies were examined
and revealed that 2 of the 7 participants in tls¢ ilastrumental group had achieved a
score of 2 and 4, respectively; the remaining scorere between 7-12. All scores in
the singer and monophonic instrument groups wanaddetween 7-12; in the pianist
group, 1 subject had a Note span of 5, while theareing 25 subjects had scored
between 8-12. It was, therefore, obvious that tve inean score in the guitar-drums
group and the subsequent significant regressiaunlitsesould be attributed to the two

lowest scores in the group; further examinatioreaded that the lowest scores belonged
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to a non-classical guitarist and a drummer. A gmesexplanation for the low scores
could be that the lack of practice using sheet mesused these two subjects to perform
poorly in the music memorisation task; it is wonibting that the guitar player was the
only guitarist in the group who had never receiVednal instrumental instruction,
either on guitar or on any other instrument: thosld provide a plausible explanation
for the difference between this subject’s perforoga@and the other guitarists in the
group. The drummer, on the other hand, had recegudr lessons for 6 years, but it
was not clarified whether the lessons were on akscoustic or electric guitar; in the
very likely event that these guitar lessons did inoctude reading staff notation, the
apparent difficulty displayed by the particular gadb in remembering note sequences
could be attributed to lack of familiarity with tanotation, as for the low-span guitar
player. This theory supported the notion that the subjects should be perceived as
outliers; testing a much larger sample, howevenyld/be necessary in order to provide

further support for this view.

For the Total task correct scores, the Kruskal-Waist statistic was found non-
significant at p > .05, suggesting that differemstiumental groups (singers, strings,
winds, pianists, guitarists and drummer) producedilar distributions of correct
answers. This result was followed up with robusttiple regression, using the same
predictors as for the Note span model: singers weegl as a baseline group and their
performance in the distraction task was comparetheoperformance of monophonic
instrument players, pianists and pooled performaifien the guitar-drums group. The
effect of the predictors in the model was found -s@nificant at p > .05, providing
further support for the fact that differences ie fiirst-study instrument did not yield

differences in performance of the high—low task.

As the high—low task included stimuli presentedreble and bass clefs, a meaningful
comparison was considered to be the one betwedrunmsntalists and singers who
normally use bass clef and those who do not; therM&hitney and the Kolmogorov-
Smirnov Z test statistics appeared non-significabtp > .05, indicating that
instrumentalists and singers who normally use lobefs such as cellists, pianists, tuba
players and baritones, were not more likely to qrenfbetter in the distraction task than

those who normally use treble or alto clefs wheriigoeing music.
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5.1.3. Summary

The first hypothesis stated that:
Note span scores will be similar for both the notiegje and the solfege group and

lower for the taught solfege group.

Non-parametric test statistics supported the fiest of the hypothesis: the distribution
of Note span scores was found to be the same ®rstiifege and the non-solfege
groups. The second half of the hypothesis, howeardd not be supported by the data
collected in the present experiment: the five pgoéints in the taught solfege group did
not appear to have big differences in their perborvoe compared to the other two
groups. Nevertheless, more extensive testing igined) in order to reach a definitive

conclusion regarding the distribution of scorethimtaught solfege group.

The second hypothesis stated that:
The distribution of correct answers in the dist@ttask will be similar across the

three groups.

Once more, the hypothesis was only partly supppekidough solféege and non-solfege
participants yielded similar Total task correctresy data from the taught solfége group,
however sparse, raised some concerns regardindidhegeneity of errors across
groups. In order to examine this effect, a theogswut forward explaining low
performance scores on the distraction task asudt relsa trade-off effect in attention
between the memorisation and the distraction taBk& effect was not found to be
generalised across the three groups, thereforethtbery attributing it to a special
behaviour of the taught solfege group was not diggal; running the tests in a much
larger scale, however, would be essential in piogidany conclusive evidence

supporting or rejecting this theory.

Apart from solfége knowledge, other predictors wexamined, which could potentially
affect Note span and Total task correct scores. Junearists and drummer group
appeared to yield significantly poorer performanfm@sNote span; the co-examination

of score frequencies and questionnaire data, haweaxeealed that this was more likely
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to be an effect of lack of staff notation practicather than a consequence of the
instrument performed itself. Nevertheless, furttemting using a more comprehensive
sample would be required in order to illuminates thoint. Regarding Total task correct
scores, results appeared unaffected both by institah category and by the lack of

performance practice on bass clef. Combined wighfélet that Total task correct scores
were significantly correlated with Note span scarethe sample, results suggested that
performance in the distraction task was mainly @éd by individual differences in

music reading and / or musical experience thandmyatjraphic factors.
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5.2. Experiment B

The aim of this series of experiments was to complae effect of a pitch-comparison
task on visual verbal memory in solfége and norfegel musicians. In order to achieve
this, visual verbal memory was tested on threel¢eve
1. Phonemic level: In the verbal memorisation task, subjects were dchsiee
memorise a series of2 letters.
2. Morphemic level: In the verbal memorisation task, subjects wereea@sto
memorise a series of 2—7 nonsense syllables.
3. Lexical level: In the verbal memorisation task, subjects were@s& memorise

a series of 2—7 lexical morphemes, i.e. monosydlalurds.

In all three variants of the experiment, a verbammorisation task was run in parallel

with a pitch discrimination task.

220



Chapter 5 Experiment 3

5.2.1. Experiment B1l: Musical interference in a phoemic

memorisation task

In Experiment B1, participants were asked to mesaorietter sequences while
simultaneously performing a visual pitch discrintioa task, identical to the pitch
discrimination task in Experiment A (Chapter 5.4)1.The use of letter names to
identify pitches was expected to interfere with themorisation of letters and have a
detrimental effect on the performance of the megadion task. An important restriction
in the design of the experiment was that there ccdad no specified mode for the
performance of the distraction task; subjects ctdeparating pitches into higher and
lower by thinking about their names, by trying &produce them mentally, imagining
their spatial position on their instrument or vQibg using their ‘inner ear’ abilities, or
by using any combination of the above methods. rélsalting ambiguity entailed that,
even if the hypotheses were supported by data siealfurther research would be
required in order to illuminate the nature of thiéed; if, on the other hand, the
hypotheses were not supported, this would not sacks imply that the effect
proposed did not actually exist, but rather thavais possible that the experiment had
not adopted the appropriate design to detect sackffect. As such, the following

hypotheses were tested:

1. Non-solfége and taught solfege subjects will be meiikely to yield lower

Letter span scores than solfége subjects.

2. Non-solfege and taught solfége subjects will be nmeidikely to yield lower
Total task correct scores than solfege subjects.

As in Experiment A (see Chapter 5.1), the tauglfege sample was extremely
restricted in size, therefore statistical analysese conducted using data from the
solfege and non-solfége groups only; comparisorbk thie taught solfege group were
made by reference to score frequencies and meaessdbis also important to explain
why taught solfege subjects were expected to rethealsame pattern of scores with
non-solfége subjects in this experiment; the remgonthis grouping in the hypotheses

were twofold:
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1. As described in section 5.0, the last systematidamb taught solfege subjects
had with solfége note names had taken place 9 radgfore the experiment.
Although subjects participating in the experimenergv confident about
remembering and using solfége note names, it wasiadered highly unlikely
that they would be inclined to use them spontanigous

2. The aforementioned problem of a relative ambiguntthe distraction task data,
owing to the mode of presentation of the task, tmecall the more relevant in
the taught solfege group: even if subjects weréned to use any form of note
names in order to perform the task, the increaaedlifirity with letter names
compared to solfege names, as well as the big tjape between the solfege
lessons and the present experiment, was considerdomninish all possibility
that taught solfege participant would use solfegée mames without being
prompted to by the experimental procedure itsalfyas the case in Experiment
A.

5.2.1.1. Method: Design

The study employed an independent design, usinfe@oluse as the independent
variable, with three levels: solfege, taught safagd non-solfege.
The dependent variable was performance on the msation task, measured by the
following parameters:

1. Letter span, which was the total amount of lettersembered.

2. Total task correct, which was the total amountasfect answers given in the

distraction task.

5.2.1.2. Method: Participants

46 musicians in total completed the task: 27 warglish and 19 were Greek. 8 of the
English participants had received solfége trairomgr the previous academic year and
were therefore familiar with solfege note names; idmaining 19 English participants

had never received formal training in solfege.
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There were 18 men and 9 women in the English graugh, an average age of 23.48
years; 2 participants in the group were memberstadf and the rest were students. 24
of the English participants reported they did natén AP and 3 that they did not know
whether or not they had AP. There were 9 singestri@g players, 5 wind instrument

players, 5 pianists, 5 guitar players and 1 perooss in the English group.

The Greek group consisted of 8 men and 11 womeh,am average age of 21.11 years.
All Greek participants in this experiment were i and none reported to have AP.
There were 3 singers, 1 string player, 2 wind ursgnt players, 11 pianists and 2 guitar

players in the Greek group.

5.2.1.3. Materials and Procedure: Memorisation task stimuli

The memorisation task stimuli were series of lsttarth length varying between 2 and
7 items (e.g. K, P, M, U); the lower and upper shi@ds of 2 and 7, respectively, were
based on piloting. Letters A, B, C, D, E, F, G &hdvere excluded from the stimuli, as
these letters are widely used to signify musicalhas in the letter notation system. All
other letters were used; letter series were coctsiiun a way that:

1. Letters of the same sequence did not form acrongbizeviations or words.

2. No letter was repeated within the same sequence.

3. No letter appeared more than twice in the samerarpatal procedure.

Each letter of the sequence was presented in aasepscreen, lasting 2 seconds; the
presentation of the letters was only visual, withatcompanying sound. Letters were
presented in a light grey background, in orderitteigntiate them from feedback and
instruction screens, which were presented on wheaiekground. The decision to use
background colour as a probe instead of a symhoh as +, which is normally used in
similar experiments, was made based on feedback ftee pilot: the majority of
students, most of them unfamiliar with psychologperiment routines, found the extra

symbol less direct and more confusing than thewratbange.

For the recall of the sequence, a screen appearstiining a list of 16 options in total,

featuring 9 letters and 7 ‘Blank’ options. The &des included all letters featuring in
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the to-be-recalled sequence plus some irrelevatierde irrelevant letters were
controlled so that:

1. They did not contain letters from the immediatelseyious to-be-recalled
sequence.

2. Like the to-be memorised sequences, they did notago any of the first 8

letters of the English alphabet.

All options were presented with a green box nexthem: subjects were instructed to
choose the correct letters in the correct ordetlizking on the relevant boxes; selected
boxes turned red and acquired a serial numbergatidg the order in which they had
been clicked on. ‘Blank’ options were available dase a participant forgot or was
dubious about a letter, but could remember itsgpladhe sequence: in this event, they
could click next to one of the ‘Blank’ options, tine respective order they thought that

letter had occurred, and then proceed with theafetfte sequence.

A ‘Clear’ button was also provided, which could bged in case the subject made a
mistake and needed to undo all previous selectmmthat sequence; there was no time
restriction in the recall screen. Once the suldjeghed putting together their response,
they clicked on ‘Next’ to proceed with the rest tife experiment. Before the
commencement of the next task, a feedback screpeasgd for 2 seconds, which
informed subjects of the exact number of letteesythad got correctly, in the correct

order.

5.2.1.4. Materials and Procedure: Pitch comparison task stimuli

The pitch comparison task was identical to the dascribed in section 5.1.1.4, for
Experiment A. Participants were presented with aeseof note pairs, each pair
consisting of a note in treble and a note in bdsk m random order; for each pair,
subjects were asked to indicate which note of W was higher in pitch by pressing
the relevant key on the numeric keypad. Each nategpayed on screen for 4 seconds,
during which subjects had to make their decisibthey failed to press any key during
the 4 seconds, the experiment moved on to themertorisation stimulus, counting the

non-response as an incorrect answer. A feedbadersa@ppeared for 1 second after
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each pitch comparison task, informing participantsether or not they had got the
answer right. The importance of performing thelpitomparison task as quickly and as
accurately as possible was repeatedly stressel, ibahe written and in the verbal

instructions provided.

5.2.1.5. General procedure

As in Experiment A, participants had the chancedad extensive instructions and
perform practice trials in order to become familiaith the procedure, before
proceeding to the main experiment. The practicstfior Experiment B followed the
same structure as in Experiment A: at first, suj@erformed the memorisation task
separately, then they performed the pitch comparissk separately and, at the end,
they performed two practice trials combining theotwarallel tasks, in an exact

simulation of the experimental procedure.

The core procedure comprised three experimentsl keeach set, a different sequence
of letters was presented, which the subject wasdsko memorise; before the
presentation of each letter in the series, thehnptiamparison task took place. There
were between 2-7 distraction tasks in each expetaheset and between 11-15
distraction tasks across the three experimental getsample procedure of a single

experimental set is shown in Figure 5.6:
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correct

1. HIGH-LOW TASK

—

2. FEEDBACK FOR THE W Please select the correct letters
HIGH-LOW TASK
H: Bl Hs Hx
L R S T
3. MEMORISATION —* . . . .
SCREEN H v B ez 51k
Blank Blank Blank Blank
Repeated 4. RECALL SCREEN — . . . .
2_7 tlmes Clear Next
5. FEEDBACK FOR THE
MEMORISATION TASK —_— > You scored 1 out of 5

Figure 5.6: A sketch of the procedure followed in each of ttiee experimental sets in Experiment B1.

Note that stages 1-3 were repeated between 2 tim3.

At the end of the experiment, the program repottesl following scores, both in
absolute and in percentage values:
1 Letter span, which is equal to the total numbdetiers remembered correctly in the
correct position, across all 3 experimental sets.
] Total errors, which is equal to the total humbereofors made in the hi—low
distraction task. This score is further broken damwtwo types of errors:
= Speed errors, which is the total number of erreported by the experiment due
to failure of the subject to press any key witlia 2-second timeframe.
= Accuracy errors, which is the total number of esrogsulting from the subject

answering incorrectly to the high—low task.

In addition to these scores, the numbecafect answers given in the distraction task
was also used in the analysis; it was calculatedubtracting the Total errors score
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from the total number of high—low tasks performibtighout the 3 experimental sets.

This was thélotal task correct score and was calculated only as a percentage.scor

5.2.1.6. Results

Table 5.5 displays the descriptive statistics fi@ tmemorisation and the distraction task

scores separately for the three groups: solfegghtasolfege and non-solféege:
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Mean Median SD Min. Max. Skew Kurtosis
Solfege | 1021 10 297 5 15 -0.17 -0.7C
Letter | raught | 1288 14 285 7 15 -141 178
span solfége
Non- | 11.16 13 361 3 15  -0.65 -0.45
solfege
Solfege | 75.12  76.92 1887 33.33 100 -0.77  0.36
Letter | taught | 9212 100  14.82 6364 100 -157 083
span solfege
%) Non- | 81.26 86.67 21.47 2727 100 -1 0.42
solfege
Solfege | 1.95 2 155 0 6 091  1.08
Total | raught | 275 250 212 0 7 103 180
high—low | solfége
errors Non- | 1.95 1 209 0 7 129 087
solfege
Solfége | 0.05 0 023 0 1 436 19
Speed | 1 gnt | 0.25 0 046 0 1 1.44 0
errors solfége
Non- | 0.05 0 023 0 1 436 19
solfege
Solfege | 1.89 2 152 0 6 104 150
Aceuracy | aught | 2.50 2 220 0 7 128 185
errors solfege
Non- | 1.89 1 2 0 7 128 107
solfege
Solfege | 85.86 86.67 11.16 53.85 100 -1.15  2.50
Toaltask | 1 gnt | 79.54 8091 1621 4615 100 -1.16  2.35
correct solfege
%) Non- | 8554 90.91 1460 53.33 100 -1.01 0
solfege

Table 5.5: Descriptive statistics for B1 test scores, by é&gpdf knowledge group. Note that group sizes

were equal for the solfége and the non-solfegem(dl= 19), but the taught solfége group was much

smaller (N = 8).
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Letter span and Total task correct scores werdgalpboth collectively and separately
for the solfége and non-solfége groups. As the rarrobletter stimuli was not constant
across participants, percentage Letter span sooege used in order to perform
meaningful comparisons; percentage Total task comes also used for the same
reason. In both cases, scores appeared to havécsigthy non-normal distributions, as

shown in Table 5.6:

Tests of Normality

Letter span (%) Total task correct (%)

Solfege  Non-solfege  All| Solféege Non-solfege A

Shapiro-Wilk .925 .840 .868 .882 .858 .892
df 19 19 46 19 19 46
Sig. 143 .005 .000 .023 .009 .000

Table 5.6: The Shapiro-Wilk test was preferred to the KolmmyeSmirnov because of the relatively
small sample sizes. Test statistics are showrhtodistribution of scores in the two groups segdyads
well as in the whole sample, which included solfegeight solfége and non-solfége participants. All
distributions were found significantly non-normalpa< .05, apart from the distribution of letteragpin

the solfége group.

Despite the violation of the normality assumptidANOVA was conducted on the
data and the Pillai-Bartlett trace was used, as itonsidered robust to normality
violations when sample sizes are equal. Using iRilteace, there was no significant
effect of Solfege knowledge on Letter span and [Mtatk correct scores, V = 0.03, F(2,
35) = 0.62, p > .05)s. As discussed in section 5.2.1, however, dueaaltsign of the
experiment, non-significant results should not égarded as conclusive; consequently,
further analyses were conducted on the data. Goiwel analysis showed that Letter
span scores were correlated with Total task coseates in the total samplez .40, p
=.001, indicating that subjects who performed wethe high—low task tended to yield
high Letter span scores. Analysis in groups, howeevealed that this correlation did
not exist in both groups: as in Experiment A, thve scores were uncorrelated in the
solféege sample; = .31, p > .05ns, whereas a correlation was found in the non-selfeg
sample,r = .46, p < .05. Once more, correlation resulteaéad a strong tendency in
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non-solfége participants to perform better in ther task if they had also performed
well in the intervening pitch task, whereas thisdency was not present amongst
solfége participants. As the aim of the study wasdmpare results from participants
who had performed both the distraction and the mmesaoon tasks as accurately as
possible, excluding subjects who had favoured @s& bver the other, correlation
analysis was conducted only for data from subjedtsse Total task correct score was
over 70%. The equivalent cut-off threshold in UnsWwpHeitz et al’'s Aospan tests was
85% (Unsworth et al, 2005); a lower threshold wiagsen in the present study, based
on sample size and sample means: as the meantdskatorrect score was 85.70% and
the median was just slightly higher, at 88.79%mealating scores below 85% would
mean eliminating almost half the sample, reductrig 21 subjects in total. Total task
correct scores over 70%, on the other hand, waelke ceinsidered to express a
satisfactory performance level in the distractiasktand represented 86.8% of the total

sample, therefore the 70% threshold was prefemethis study.

The Kolomogorov-Smirnov Z test statistic was preddras it is considered to have
more power than the Mann-Whitney U in samples whieeenumber of cases in each
group is below 25 (Field, 2009); it was found nagngdicant at p > .05, indicating that,
for subjects who had performed correctly in 70%above of the distraction tasks, the
distribution of Letter span scores was the samevdet solfege and non-solfege
subjects. An examination of score frequencies aedn® revealed that, in fact, non-
solféege participants had produced a higher meanetletpan score than solfege
participants: the mean percentage of the totarettemembered correctly was 77.15%
for solfege and 86% for non-solfege participantguB of the 15 subjects in the non-
solfege group had recalled correctly over 90% efl#diter stimuli, whereas the ratio in
the solfege group was 4 out of 18 subjects. Finalhyrelation analysis showed that, in
this high-span group, the positive relationshipaeetin percentage Letter span scores
and Total task correct scores was still valid far hon-solfege group,= .45, p < .05,

whereas it did not appear in the solfege graup,24, p > .05.

Regarding Letter span, the taught solfege group=(N\8) yielded a pattern of
performances closer to the non-solfege rather tthen solfege group: the mean
percentage of letters taught solfége subjects batembered correctly was 92.12%,

with 6 out of the 8 subjects recalling over 90%itlué letter stimuli; it is important to
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note that only one of these 8 participants hadesttelow the 70% threshold in the
Total task correct score.

In terms of the pitch distraction task, both thendaVhitney and the Kolmogorov-

Smirnov test statistics were found non-significattp > .05, suggesting that the
distribution of Total task correct scores was thms in the solfege and the non-solfege
group. Table 5.7 shows the mean Total task cos@mtes for the taught solfege, solfege

and non-solfege groups, with their associated stahelrrors:

Total task correct (%) scores

Mean SE
Solfege 85.86 2.56
Non-solfege 85.54 3.35
Taught solfege 79.54 5.73

Table 5.7:Mean Total task correct scores for the three gelfgroups.

As shown in Table 5.7, participants in the threeugs displayed a similar pattern of
performances to the one in Experiment A: the meatalTtask correct score for the
taught solfege group was lower compared to theewsge mean of the other two

groups. Score frequencies were checked and revéadedcontrary to the results in

Experiment A, the difference in means was causednbgutlier: a subject in the taught
solfege group who had achieved a Total task cosmmte of 46.1%. Although this was
the lowest performance across groups, comparallevaould be found in the solfege
and non-solfege group, where the lowest Total taskect performances were equal to
53.85% and 53.33%, respectively. Consequentlydifierence in means between the
taught solfege and the other two groups was atethuo the small number of

participants in the former, which caused lower ssao have a bigger impact on the

mean score.
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5.2.1.7. Summary

Hypothesis no. 1 stated that:
Non-solfege and taught solféege subjects will beaniikely to yield lower Letter

span scores than solfege subjects.

This hypothesis was not supported by data analysisi-parametric test statistics
showed that there was no significant effect of égf knowledge on Letter span;
moreover, Letter span score means were lower stifege group than for the other
two groups. These findings were replicated in thedition in which only participants

scoring over the 70% threshold in the distractasktwere used, indicating that the non-
significant effect of solfege knowledge was valitladid not depend on the level of
engagement with the two parallel tasks. Althoughpeentioned in section 5.2.1, the
experimental design did not guarantee that allestibjwere performing the distraction
task using the same mechanisms, this primary egedsaggested that the knowledge of
letter names, as opposed to solfege names, didamstitute an inherent drawback in

the parallel performance of a phonemic and a nmesiding task, as expected.

Hypothesis no. 2 stated that:
Non-solfege and taught solfege subjects will beattitely to yield lower Total task

correct scores than solfége subjects.

Data analysis, however, did not reveal any stasiktsignificance in the difference
between solfege and non-solfége participants indikgaction task; mean percentage
scores for the total amount of correct answerdentask were similar across all three
groups, solfege, non-solfége and taught solfegees@hfindings did not support
Hypothesis no. 2, which was based on the premagetltle familiarity with letter names,
as opposed to solféege names, when combined wigtter-based task, would cause a
conflict as the performance of both tasks wouldunexysharing of the same cognitive

resources.

Letter span and Total task correct scores wereddanbe significantly correlated in
data for non-solfége participants, whereas thisetation was not found significant in

data from the solféege group; these relationship® walid both in data from the whole
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sample and in data from participants who had peréor above the 70% threshold in the
distraction task. The same effect had been fourtekperiment A, suggesting a pattern
in the non-solfege group, whereby the most efficieremorisers were also most
competent in the high—low task. As this effect wastraced in the solfége group it was
not possible to draw definite conclusions; datanfrihese two experiments as well as
from subsequent experiments regarding this obsediféefence between solfége and

non-solfége subjects will be examined and integalé section 5.4.
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5.2.2. Experiment B2: Musical interference in a mgohemic

memorisation task

For Experiment B2, participants were asked to me&maanonsense syllable sequences
while simultaneously performing a visual pitch disgnation task, identical to the
pitch discrimination task in Experiment A (Chapfef.1.4). Nonsense syllables were
used in this experiment in order to compare resulis the subsequent experiment, B3,
where subjects were asked to memorise monosyllabicls; if an effect of solfége
knowledge was to be found in either condition, @ud provide a valuable contribution

towards understanding the nature of solfege s@hkablithin memory and cognition.

For the nonsense syllable condition, as well aglfermonosyllabic word condition in

the following experiment, solfege knowledge wasestpd to have a detrimental effect
on syllable recall: the assumed use of solfegealsids in the distraction task was
expected to interfere with the recall of syllabliesthe memorisation task. As in

Experiment B1, a major restriction in the desigrihaf experiment was that the mode of
performance of the distraction task was not spetjftherefore, the interpretation of
results could not be conclusive without further g from more extensive research.

For this study the following hypotheses were tested

1. Solfege subjects will be more likely to yield loweByllable span scores than

non-solfége and taught solfége subjects.

2. The distribution of correct answers in the distracton task will be similar
across the three groups.

Taught solfege subjects were grouped together wih-solfége subjects in this
experiment for the same reasons described in sedi@.1; the non-restrictive
presentation of the distraction task in the whdie€Egperiment B was considered to
decrease the possibility of taught solfege pardicip actually using solfége note names

to perform the task.
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5.2.2.1. Method: Design

The design of the experiment was identical with tiesign of B1l: the experiment
employed an independent design, using Solfege sigheaindependent variable, with
three levels: solfege, taught solfege and non-gelfe
The dependent variable was performance on the msation task, measured by the
following parameters:

3. Syllable span, which was the total amount of sy#lalbemembered.

4. Total task correct, which was the total amountafect answers given in the

distraction task.

5.2.2.2. Method: Participants

A total of 44 musicians took part in the experime24 were English and 20 were
Greek. From the English participants, 5 had recks@fége training over the previous
academic year and were familiar with solfége naenes; the remaining 19 English

participants were unfamiliar with solfége.

The English group included 15 men and 9 women, wafttaverage age of 23.88 years;
2 subjects were members of staff and the rest steidents. 1 person in the group was
an AP possessor, 3 had answered they did not whatimet they possessed AP and the
remaining participants did not possess AP. ThereevBesingers, 2 string players, 5

wind instrument players, 5 pianists, 3 guitar ptayend 1 percussionist in the group.

The Greek group included 6 men and 14 women, withaverage age of 21.35 years;
the group consisted entirely of students. Thereev2eAP possessors in the group and 1
person who had reported she did not know wheth@obshe had AP. 2 subjects were
first study singers, 1 was a string player, 1 admolayer, 14 were pianists and 1 a

percussionist.
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5.2.2.3. Materials and Procedure: Memorisation task stimuli

The memorisation task stimuli were series of nossesyllables (e.g. ul, qo, ik) with
length varying between 2 and 7 items. Nonsensaldgl were constructed so that:
1. Each one comprised one consonant and one vowahyiorder.

2. The two letters forming the syllable did not formacronym or abbreviation.

Nonsense syllable sequences were also construtinditsthey did not form acronyms,
abbreviations or words within them. Each syllabldhe sequence was presented in a
separate screen, lasting 2 seconds; the presentditibe syllables was visual only, with
no accompanying sound. Each syllable was presantedlight grey background, in
order to avoid confusion between memorisation dtimostructions and feedback

screens.

For the recall of the sequence, a screen appearstiining a list of 16 options in total,
featuring 9 nonsense syllables and 7 ‘Blank’ ogtiorhe 9 syllables included all letters
featuring in the to-be-recalled sequence plus samedevant syllables; irrelevant
syllables were controlled so that:
1. They did not contain syllables from the immediatehgevious to-be-recalled
sequence.

2. They fulfilled the same aforementioned criteridtesto-be-recalled syllables.

All options were presented with a green box nexthem: subjects were instructed to
choose the correct syllables in the correct orderclicking on the relevant boxes;
selected boxes turned red and acquired a seriabewyrmdicating the order in which
they had been clicked on. ‘Blank’ options were paed in case a participant forgot or

was dubious about a syllable, but could remembasléce in the sequence.

A ‘Clear’ button was also provided, which could bged in case the subject made a
mistake and needed to undo all previous selectioribat screen; there was no time
restriction in the recall screen. Once the sulfjacthed putting together their response,
they clicked on ‘Next’ to proceed with the rest tife experiment. Before the
commencement of the next task, a feedback screpeasgd for 2 seconds, which
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informed subjects of the exact number of letteesythad got correctly, in the correct

order.

5.2.2.4. Materials and Procedure: Pitch comparison task stimuli

The pitch comparison task was identical to the dascribed in section 5.1.1.3, for
Experiment A. Participants were presented with Beseof note pairs, each pair
consisting of a note in treble and a note in bdsk m random order; for each pair,
subjects had 4 seconds to indicate which noteefwio was higher in pitch by pressing
the relevant key on the numeric keypad. A feedlsamtken appeared for 1 second after
each pitch comparison task, informing participantsether or not they had got the
answer right. The importance of performing thelpitomparison task as quickly and as

accurately as possible was repeatedly stressduljrbairitten and in verbal instructions.

5.2.2.5. General procedure

As in Experiment B1, participants had the chanceetd extensive instructions and
perform practice trials in order to get familiadseith the procedure, before proceeding
to the main experiment. The practice trials for &xment B2 followed the same
structure as in Experiment B1l: at first, subject&sfgrmed the memorisation task
separately, then they performed the pitch compariesk separately and, at the end,
they performed two practice trials combining theotwarallel tasks, in an exact

simulation of the experimental procedure.

The core procedure comprised three experimentsl keeach set, a different sequence
of syllables was presented, which the subject wsledh to memorise; before the

presentation of each syllable in the series, thehptomparison task took place. The
number of distraction tasks performed in each erpertal set varied between 2—7; the
number of distraction tasks performed during thredhexperimental sets varied between

11-15. A sample procedure of a single experimesatiais shown in Figure 5.7:
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correct

1. HIGH-LOW TASK

[ .

2. FEEDBACK FOR THE
HIGH-LOW TASK

Please select the correct syllables

3. MEMORISATION —* e W Ee W

SCREEN M EHoe B W

Repeate d . ve . Blank.Blank .Blank
2_7 times 4. RECALL SCREEN B sank [ Bran [ Brank [ Brank
Clear Next
5. FEEDBACK FOR THE You scored 1 out of 5
MEMORISATION TASK

Figure 5.7: A sketch of the procedure followed in each of tte@e experimental sets in Experiment B2.

Note that stages 1-3 were repeated between 2 3.

At the end of the experiment, the program repottesl following scores, both in
absolute and in percentage values:
1 Syllable span, which is equal to the total numldesytlables remembered correctly
in the correct position, across all 3 experimesés.
(] Total errors, which is equal to the total humbereofors made in the hi-low
distraction task. This score is further broken damtwo types of errors:
= Speed errors, which is the total number of erreported by the experiment due
to failure of the subject to press any key witlia 2-second timeframe.
= Accuracy errors, which is the total number of esrogsulting from the subject
answering incorrectly to the high—low task.

In addition to these scores, the number of cormesivers given in the distraction task

was also used in the analysis; this was calculbyedgubtracting the Total errors score
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from the total number of high—low tasks performibtighout the 3 experimental sets.

This was thélotal task correct score and was calculated only as a percentage.scor

5.2.2.6. Results

Table 5.8 displays the descriptive statistics fi@ memorisation and the distraction task

scores separately for the three groups: solfegghtasolfege and non-solféege:
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Mean Median SD Min. Max. Skew Kurtosis

Solfége | 13.65 15 1.63 11 15 - 0.58 -1.42

Syllable Taught | 14.20 15 1.79 11 15 -2.23 5
span solfége
Non- 14 15 141 11 15 -0.92 -0.78

solfege

Solfege | 59.55 60 20.01 20 100 0.03 -0.20

Syllable | Taught | 80.85 73.33 13.98 66.67 100 0.66 -1.74

span solfege
(%) Non- | 76.53 80 2333 20 100 -1 0.54
solfege
Solfege | 2.50 2 2.01 0 8 1.03 1.48
Total Taught | 2.60 2 2.19 0 6 0.85 1.75
high—low | solfege
errors Non- 1.89 2 1.56 0 6 1.08 1.26
solfege
Solfege | 0.30 0 0.47 0 1 0.95 -1.24
Speed Taught 0 0 0 0 0
errors solfége
Non- 0.11 0 0.32 0 1 2.80 6.51
solfege
Solfege | 2.20 2 1.91 0 8 1.35 3.31
Accuracy | Taught | 2.60 2 2.19 0 6 0.85 1.75
errors solfége
Non- 1.79 2 1.55 0 6 1.09 1.66
solfege

Solfege | 81.88 85.64 14.27 46.67 100 -0.80 0.34

Total task [ Taught | 81.21 86.67 15.28 60 100 -0.37 -0.3b
correct solfege

(%) Non- | 86.42 86.67 11.88 50 100 -1.64 3.95
solfege

Table 5.8: Descriptive statistics for B2 test scores, divided solfége knowledge group. Note the
difference in group sizes: for the solfége groug 140, for the taught solfége group N = 5 and fa th

non-solfége group N = 19.
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Syllable span and Total task correct scores wemdteol, both collectively and
separately for the solfége and non-solfége grofipshe number of syllable stimuli was
not constant across participants, percentage spaesswere used in order to perform
meaningful comparisons. Both variables appearethaee significantly non-normal

distributions of scores for the non-solfege gragpshown in Table 5.9:

Tests of Normality

Syllable span (%) Total task correct (%)

Solféege  Non-solféege  All| Solféege  Non-solfege A

Shapiro-Wilk 990 .869 .945 .939 .854 .909
df 20 19 44 20 19 44
Sig. .998 .014 .037 .226 .008 .002

Table 5.9: The Shapiro-Wilk test was chosen because of taively small sample sizes. Test statistics
are shown for the distribution of scores in the tgroups separately as well as in the whole sample,
including solfége, taught solféege and non-solféggigpants. Distributions of both scores were fibun
significantly non-normal at p < .05 for the nonfége group, whereas the solfége group produced

normally distributed scores (p > .05).

Because of the non-normal distribution of scoresthie non-solfege group, non-
parametric tests were selected for the analysis. Rblmogorov-Smirnov Z test was
conducted in the Syllable span scores for the gelfind non-solfége groups and was
found significant at p < .05, indicating that thstdbution of scores was not the same
across groups. Simple regression analysis wasucted in order to determine the
nature of the effect, using Syllable span scoreshasoutcome variable and solfege
knowledge as the predictor variable; as the retsdpkts raised concerns regarding
heteroscedasticity in the data, the analysis wagda@n bootstrap samples. Results

from the analysis are shown in Table 5.10:
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Syllable span scores

B SE B B

Constant 76.53 5.31

Solfége knowledge -16.98 6.68 -.37*
R°= .14, p< .05
** p<.05s

a. Bootstrapped values. Significanceffas also based on bootstrap samples.

Table 5.10:Simple regression results for Syllable span scores.

The value of R indicates that solfége knowledge as a predictéectgd the model
significantly; the value off§ suggested that solfege subjects had yielded gignify
lower Syllable span scores than non-solfege subhjédthough this supported the first
experimental hypothesis, further validation was ghwuby conducting the same
regression analysis in the data of participants dub scored over 70% correctly in the
high—low distraction task; for an explanation retjag the selection of the 70%
threshold, see section 5.2.1.6. Out of the 39 gelend non-solfége participants, 5 had
scored below 70% correctly in the distraction taka from the remaining 34 subjects,

16 solfege and 18 non-solfege, were used in théysiearesults are shown in Table
5.11:

Syllable span scores

B SE B B

Constant 7523 -0.30
Solfege knowledge -11.99 -0.11 -.28
R?= .08, p> .05
*p>.0518

a. Bootstrapped values. Significanceffas also based on bootstrap samples.

Table 5.11:Simple regression results for Syllable span sctoeslata from participants with over 70%
correct answers in the high—low task.
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For participants with Total task correct scoresrove, solfege knowledge did not

appear to have a significant effect on Syllablenspeores; although the relationship
between solfége group and Syllable span appearkdvi® the same direction as in the
previous results, with solfége subjects yieldinggdo Syllable span scores, this effect
was not significant in the sample, including onbrtcipants who were over the 70%
threshold in the distraction task. The contradicti@tween the two regression analysis
results called for a closer examination of the ssaf the 5 excluded participants, 4 of
whom belonged in the solfege and 1 in the non-gelfgroup. 3 out of the 4 solfege
participants who had scored below 70% correctlhanhigh—low task had also yielded
Syllable span scores that were much lower tharstifiége group mean; on the other
hand, the non-solfége subject who had not crogsed®% threshold in the distraction
task had a Syllable span of 100%. These findingsatis illuminated the contradiction:

the excluded solfege subjects had lowered the grmean considerably, whereas the
excluded non-solfége subject had contributed isingithe respective group mean; the
combination of these opposing trends in the oppagibups had produced a magnified

effect of comparatively poorer performance in tbkége group.

Although the sample in which the initial regressianalysis was conducted was
relatively small (N = 39), the significant skew riesults caused by just 5 participants
deserved further investigation: the overall relasioip between Syllable span and Total
task correct scores was examined, in order to m@terwhether the 4 solfege subjects
were part of a generalized trend to improve or rimige their performance in the
Syllable span and Total task correct scores inllpirasuch a finding would be
consistent with results from Experiments A and B2e( sections 5.1.2 and 5.2.1.6).
Correlation analysis, however, showed Syllable dpame uncorrelated with Total task
correct score in the overall samptes .18, p > .05ns, as well as within subgroups=
.18, p > .05ns, for the solfége group and= .10, p > .05ns, for the non-solfege group.
The correlation between Syllable span and Totat wrect was also found non-
significant in the filtered sample, containing omdgrticipants who had surpassed the
70% threshold.

! For the sample including participants who had esdoover 70% correctly in the distraction task,
correlation results between Syllable span and Tt correct scores were the following= .14, p >
.05, ns, for the overall sample, = .04, p > .05ns, for the solfége group and= .21, p > .05ns, for the
non-solfége group.
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Regarding Syllable span scores across all thregpgrdhe scores for the 5 subjects in

the taught solfége group are displayed in Figuse 5.

Taught solfege group

=

o

o
I

(o]
o
I

Syllable span scores (%)
B (o2}
o o

N
o
I

o
|

1 2 3 4 5

Participant no.

Figure 5.8: Taught solfége subjects’ data for Syllable spare Vhlues in bars represent percentage

scores.

All 5 taught solfege subjects yielded relativelglhniSyllable span scores; the lowest
score in the taught solfege group was 66.67. Th@mmim scores in the solfege and
non-solfége groups, for the filtered sample of ipgrants who had scored over 70% in
the distraction task, were 33.33 for the solfégd @0 for the non-solfége group,

respectively. It is important to note at this pdinat participant no. 2 from the taught
solfege group had scored below 70% correctly indieraction task; with the exclusion

of this subject’s score from the comparison, theedence in mean Syllable span scores

for the three groups grew even greater, as showigure 5.9:
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Mean Syllable span scores (%)

100—

60—

Mean Syllable span (%) +- 2 SE

20—

I I I
Solfege Taught solfege Non-solfege

Figure 5.9: Mean Syllable span scores per solfege knowledgepgrdlean scores for all three groups
were calculated including only participants who Isadred over 70% correctly in the distraction tdek;
the taught solfége group (N = 4) M = 82.73, for sodféege group (N = 16) M = 63.24 and for the non-
solfége group (N = 18) M = 75.23. Error bars repneshe mean + 2 standard errors.

As shown in Figure 5.9, taught solfege participayitdded the highest percentage
scores in the syllable memorisation task; the ckfiee between mean scores, however,
was not evaluated further or interpreted in thdymns because of the small number of

participants in the taught solfége group.

Regarding performance scores in the distractidk the Kolmogorov-Smirnov test was
conducted on the Total task correct data and ttestatistic was found non-significant
at p > .05, indicating that the distribution of se® was similar for solfege and non-
solfege participants. Mean Total task correct ssorngh their associated standard errors

are presented in Table 5.12:
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Total task correct (%) scores

Mean SE
Solfege 81.88 3.19
Non-solfege 86.42 2.73
Taught solfege 81.21 6.84

Table 5.12:Mean Total task correct scores for the three graufxperiment B2.

Mean Total task correct scores displayed in Takl& Suggest that the performance in
the distraction task was very similar in the taught the other two groups; the non-
solfege group showed a slightly elevated mean, asitmentioned previously, this
difference was not found statistically significant.

5.2.2.7. SJUmmary

Hypothesis no. 1 stated that:
Solfege subjects will be more likely to yield low8yllable span scores than non-

solfege and taught solfege subjects.

This hypothesis was not supported conclusively bglysis; although initial non-

parametric analysis yielded significant resultgliéating that solfege participants had
produced significantly lower scores in the syllablemorisation task, further filtering

of participants cancelled this effect, after 5 pgvants who had performed below 70%
correctly in the distraction task were removed frtime analysis. The decision to
exclude of participants who had answered less T0&h correctly in the distraction task
had been established in Experiment Bl (sectionl®. in order to filter out

participants who were neglecting performance indis¢raction task, presumably in an
attempt to perform better in the memorisation taékndall’s statistic in the present
experiment, however, revealed that there was n@ledion, either positive or negative,
between Syllable span and Total task correct spdhés suggested that participants

who performed poorly in the distraction task weog, in fact, favouring one task over
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the other, but were rather facing genuine diffieglin completing the tasks accurately.
A closer examination of the data from participamt® had been excluded due to failure
to cross the 70% threshold in the distraction taskealed that, out of the 5 participants,
only one had actually yielded a high score in themaorisation task; the remaining 4
participants had low scores in both tasks, 3 omtlpeoducing scores below the group
mean in Syllable span. Although these findings sstgy that scores lower than 70 in
the Total task correct did not, in most cases, esgmt a failure to complete the
experiment efficiently but rather a restriction tine ability to perform both tasks

simultaneously, the existence of one participanb wiad performed poorly in the

distraction task and 100% correctly in the memaiosatasks was considered to justify
the preservation of the 70% threshold as a ‘safetyagainst subjects who might have
failed to follow instructions and pay equal attentito performing both tasks as
efficiently as possible. The ambiguity, however,swaken into consideration in the
general discussion in Chapter 5.4; testing a magiel sample would certainly help to
clarify whether or not solfege subjects were likédy perform worse in the syllable

memorisation task.

Hypothesis no. 2 stated that:
Solfege subjects will be more likely to yield low€&otal task correct scores than

non-solfége and taught solfege subjects.

This hypothesis was not supported by data analgsis;parametric tests conducted on
the solfege and the non-solfége data did not reaesaginificant effect of group in the
scores. Taught solféege subjects were not includestiatistical analyses because of their
extremely limited numbers; observation of scoregdiencies and mean Total task
correct scores, however, revealed that it waslikkat they had produced a similar
pattern of results with the other two groups.
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5.2.3. Experiment B3: Musical interference in a lexal

memorisation task

Participantsn Experiment B3 were asked to memorise monosylamrd sequences
while simultaneously performing a visual pitch disgnation task, identical to the
pitch discrimination task in Experiment A (sectiéril.1.4). Solfege knowledge was
expected to have a detrimental effect on word teaal the presumed use of solfége
names in the distraction task was expected tofereexvith the recall of lexical items in
the memorisation task. The following hypothesesewested:

1. Solfege participants will be more likely to yield bwer Word span scores

compared to the non-solfége and the taught solfegeoup.

2. Solfege participants will be more likely to yield bwer Total task correct

scores compared to non-solfege and taught solfégarficipants.

As in Experiments B1 and B2, the mode of perforneaincthe distraction task was not

specified, therefore no conclusive evidence coel@xXtracted from data analysis.

5.2.3.1. Method: Design

B3 followed the independent design of the othereeixpents in group B: Solfege use
was the independent variable, having three levad$fege, taught solfege and non-
solfége; performance on the memorisation task Wwasdependent variable, measured
by:

1. Word span, which was the total amount of words rabered.

2. Total task correct, which was the total amountafect answers given in the

distraction task.
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5.2.3.2. Method: Participants

A total of 46 subjects took part in the experim&tt:were Greek and 26 English. Out of
the 26 English participants, 7 had been taughtgelfduring the previous academic
year. A total of 18 men and 8 women participatethan English group; their mean age
was 23.38 years. 3 of the English participants waembers of staff, while the
remaining were students; there were no AP possesaothe group, although one
subject had responded he did not know whether ¢rheohad AP. In terms of
instrumental categories, there were 12 singers,irgl wlayers, 5 pianists, 4 guitar

players and 2 percussionists.

The Greek group included 4 men and 16 women, wittean age of 22.70 years. There
was only one staff member in the Greek group arep@rson who reported she did not
know whether she was an AP possessor; all the sthigects were non-AP students.

There was 1 string player, 1 wind player, 15 pitsngsd 1 guitar player in the group.

5.2.3.3. Materials and Procedure: Memorisation task stimuli

The memorisation task stimuli were series of mohalsic words (e.g. the, as, pour),
with the length of each sequence varying betweem® 7 items. Words in a single
sequence were controlled so that they did not cectsmeaningful sentences. Each
word of the sequence was presented in a separadensclasting 2 seconds; the
presentation was visual only, with no accompangognd. Each word was presented in
a light grey background, in order to avoid confaslmetween memorisation stimuli,

instructions and feedback screens.

For the recall of the sequence, a screen appeasethining a list of 16 options in total,

featuring 9 words, including all the words in tleebie-recalled sequence, and 7 ‘Blank’
options. As in Experiments B1 and B2, each optiath & green box next to it, which the
subject had to click on in order to activate hisitt®ice; participants had to indicate the

correct words in the correct order. The ‘Clear’tbntcould be used in order to undo all
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selections in the screen and the ‘Next’ button tedthe feedback screen of the

memorisation task and, subsequently, to the resteoéxperiment.

5.2.3.4. Materials and Procedure: Pitch comparison task stimuli

The pitch comparison task was identical to the ipress experiments. Participants were
presented with a series of note pairs, each pasistng of a note in treble and a note
in bass clef, in random order; for each pair, stisjdnad 4 seconds to indicate which
note of the two was higher in pitch by pressingrédevant key on the numeric keypad.
A feedback screen appeared for 1 second aftertaakhthe importance of performing
the pitch comparison task as quickly and as acelyrads possible was repeatedly

stressed, both in written and in verbal instruction

5.2.3.5. General procedure

As in Experiments B1 and B2, participants had tmence to read extensive instructions
and perform practice trials in order to get famiad with the procedure, before
proceeding to the main experiment. The practi@stfior Experiment B3 followed the
same structure as in Experiments Bl and B2: at, fssbjects performed the
memorisation task separately, then they perforrhedttch comparison task separately
and, at the end, they performed two practice tcal®bining the two parallel tasks, in

an exact simulation of the experimental procedure.

The core procedure comprised three experimentsl keeach set, a different sequence
of words was presented, which the subject was askednemorise; before the

presentation of each word in the series, the pdoimparison task took place. The
number of distraction tasks performed in each erpartal set was between 2—7; the
number of distraction tasks performed during thedhexperimental sets was between

11-15. A sample procedure of a single experimesatiis shown in Figure 5.10:
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Experiment 3

1. HIGH-LOW TASK

—

2. FEEDBACK FOR THE
HIGH-LOW TASK

3. MEMORISATION —*
SCREEN

Repeated

2—7 times

correct

as

5. FEEDBACK FOR THE

MEMORISATION TASK

Please select the correct words
. as .bar . lid .rod T
. sea . tea .hill .mnd
.stem . Blank.Blank .Blank

4. RECALL SCREEN —m——M [ siank [ Banx [ Brank [ Brank

Clear Next

> You scored 1 out of 5

Figure 5.10: A sketch of the procedure followed in each ofttiree experimental sets in Experiment B3.

Note that stages 1-3 were repeated between 2 3.

At the end of the experiment, the program repottesl following scores, both in

absolute and in percentage values:

"1 Word span, equal to the total number of words rebesed correctly in the correct

position, across all 3 experimental sets.

"1 Total errors, which is equal to the total numbereafors made in the high—low

distraction task. This score was further broken mlawtwo types of errors:

= Speed errors, which is the total number of erreported by the experiment due

to failure of the subject to press any key witlia 2-second timeframe.

= Accuracy errors, which is the total number of esrogsulting from the subject

answering incorrectly to the high—low task.

In addition to these scores, the number of coraesivers given in the distraction task

was also used in the analysis; this was calculbyedgubtracting the Total errors score
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from the total number of high—low tasks performibtighout the 3 experimental sets.

This was thélotal task correct score and was calculated only as a percentage.scor

5.2.3.6. Results

Table 5.13 displays the descriptive statisticstf@ memorisation and the distraction

task scores separately for the three groups: smltagght solfege and non-solfége:
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Mean Median SD Min. Max. Skew Kurtosis

Solfege | 10 11 299 3 15 -096 094
Word 1 rought | 1220 1243 269 7 15  -143 222
span solfege

Non- | 1168 12 234 6 15 -0.89 042

solfege

Solfege | 74.34 7417 2182 20 100 -1.07  0.8¢
Word

Taught | 89.09 93.33 1466 63.64 100 -1.21 -0.10
span solfége

(%) Non- 86.12 93.33 15.04 5455 100 -0.76 -0.79
solfege
Solfege | 2.25 2 2.07 0 7 0.97 0.12
Total | raught | 271 2 256 0 8 169 372
high—-low | solfeége
orTOrS Non- | 2.05 2 181 0 6 111 059
solfege
Solfege | 0.10 0 0.31 0 1 2.89 7.04
Speed | ought | 0.14 0 038 0 1 265 7
errors solfége
Non- 0.11 0 0.32 0 1 2.80 6.51
solfege
Solfege | 2.15 1.50 2.03 0 7 1.07 0.47
AcCUracy | gt | 2.57 2 257 0 8 190 439
errors solfége
Non- 1.95 1 1.87 0 6 1.11 0.48
solfege

Solfege | 82.72  86.67 16.08 4546 100 -1.01 0.24

Total task
ORASK) Taught | 80.57  84.61 17.35 46.67 100 -1.33 231
correct solfege
%) Non- | 84.86 86.67 13.20 53.85 100 -1.07  0.48

solfege

Table 5.13:Descriptive statistics for B3 test scores, divithydsolfege knowledge group. For the solfége

group N = 20, for the taught solfége group N = @ ot the non-solfége group N = 19.
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Word span and Total task correct scores were plotteth collectively and separately
for the solfége and non-solfege groups. As the raxrmobword stimuli was not constant
across participants, percentage span scores tatreabsolute values were used for the
analyses. In all cases, both variables appearethat@® significantly non-normal

distributions, as shown in Table 5.14:

Tests of Normality

Word span (%) Total task correct (%)

Solféege  Non-solféege  All| Solféege  Non-solfege A

Shapiro-Wilk .891 .836 .864 .890 .881 .883
df 20 19 46 20 19 46
Sig. .028 .004 .000 .027 .022 .000

Table 5.14:The Shapiro-Wilk test was chosen because of thtéively small sample sizes. Test statistics
are shown for the distribution of scores in the tgroups separately as well as in the whole sample,
including solfége, taught solféege and non-solféggigpants. Distributions of both scores were fibun

significantly non-normal at p < .05 for all groups.

Because of the non-normal distribution of scoresthie non-solfege group, non-
parametric tests were conducted on the data: th@dgorov-Smirnov test statistic was
found non-significant at p < .05, indicating thhe tdistribution of Word span scores
was the same in the solfege and the non-solfeggpgrorhe same test was conducted
on data from participants who had crossed the 76f@ct threshold in the distraction
task and was found again non-significant at p > [0% worth noting, however, that
when simple regression analysis was conducted udflogd span as the outcome
variable and solfege group as the predictor, theifstance of F change was p = .058,
which was close to the significance threshold; thisderline non-significance of a
negative correlation, in combination with the melblogical restriction of the
experiment discussed in section 5.2.1., indicateat testing a bigger sample and
perhaps modifying the presentation of the distoactiask was necessary in order to

draw definite conclusions regarding the effectaifege knowledge on Word span.
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Taught solfége, solfege and non-solfege mean Woad scores were compared both
for the total sample and for the filtered samphewhich participants had achieved over
70% correctly in the high—low task; scores are showFigure 5.11:

Mean Word span scores (%)

100+

M Total sample
M Over 70%

Word span (%)

Taught solfege Solfege Non-solfege

Figure 5.11: Mean Word span scores in each solféege group. Plogds represent data for groups
including all participants and green bars represkta from groups excluding participants who had
scored lower than 70% correctly in the distractask; percentage Word span scores are displayitins

the bar of each group.

As shown in Figure 5.11, taught solfége subjectd thee highest mean Word span
scores and solfége subjects had the lowest. Teratice in mean scores between the
solféege and the non-solfege groups was higherentgtal sample than in the filtered
sample, which included only participants scorin@6/6r above in the distraction task;
this indicated that solfege subjects scoring bel@¥ had mostly yielded low scores in
the word memorisation task as well, whereas theosipp was true for non-solfege
subjects. The relationship, however, between Wpeathsand Total task correct scores,
was found non-significant for both conditions, inth groups In the taught solfége

2 For the solfége group,= .09, p > .05ns, in the total sample and= —.09, p > .05ns, in the filtered
sample over 70%; for the non-solfége graup.10, p > .05ns, in the total sample and= .39, p > .05,

ns, in the over 70% sample.
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group there was only one participant out of sevéio Wwad a Total task correct score
below 70; this subject had also produced a Word spare lower than the group mean,
but the trend of low Total correct scores beingoagganied by low Word span scores

was not consistent within the taught group, either.

Regarding solfege groups’ performance in the dittva task, the Kolmogorov-

Smirnov test statistic was found non-significant Total task correct scores, indicating
that the distribution of scores was the same fergbifége and the non-solfége group.
Mean Total task correct scores and their associttatlard errors for all three groups,

taught solfége, solfege and non-solfege, are ptedém Table 5.15:

Total task correct (%) scores

Mean SE
Solfege 82.72 3.60
Non-solfege 84.86 3.03
Taught solfege 80.57 6.56

Table 5.15:Mean Total task correct scores for the three grauxperiment B3.

The mean scores produced by subjects in the distnatask were very similar across
the three groups (Table 5.16); moreover, a sinp@centage of subjects in each group
managed to score 70 or more in the task: 80% dicpaants in the solféege group,
84.20% from the non-solfege group and 6 out 7 (B%)7from the taught solfége group
managed to score 70 or above in the high—low task.

5.2.3.7. SUmmary

Hypothesis no. 1 stated that:
Solfege participants will be more likely to yielower Word span scores compared

to the non-solfege and the taught solfege group.
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This hypothesis was not supported by data analysie:parametric tests as well as
simple regression analysis yielded non-significgasults regarding the effect of solfege
group on Word span scores. It is interesting tenbbwever, that the effect of the
solfege group on Word span performance was foumdebline non-significant in the

regression model (p = .058); this value, along \ilign reservations regarding the power
of the distraction task to involve participantsnrental engagement with note names,
and given the relatively restricted size of the glemraised certain concerns regarding
the power of the experiment overall to detect fietence effects of the pitch task on
visual verbal recall. For these reasons, more tigitdesting would be required in order
to draw any definite conclusions regarding the exaay pitch labels function in

memory.

Hypothesis no. 2 stated that:

Solfege participants will be more likely to yieldwer Total task correct scores

compared to non-solfege and taught solfege paatitgd

This hypothesis was not supported by data analgglser: non-parametric tests as well
as the observation of mean scores across the ¢inoegps indicated that the solfege,
non-solfége and taught solfege groups had prodsioaithr score patterns for the high—
low task. No correlation was found in the sampleMeen Word span and Total task

correct scores.

257



Chapter 5 Experiment 3

5.2.4. Experiment B: Discussion

The aim of the three experiments in group B wasdmpare the effect of a pitch-
comparison task on visual verbal memory in solf@gg non-solfége musicians. For this
purpose, a visual verbal memorisation task was inuparallel with a visual pitch
comparison task; in experiment B1, the verbal mésation task contained letters, in
B2 it contained nonsense syllables and in B3 ittaoed monosyllabic words. The
assumption behind the hypotheses posited in eatttedhree variants of Experiment B
was that the pitch comparison task would emploghpitaming strategies and therefore
interfere with the performance of the memorisatask: non-solfege participants were
expected to perform worse than solfege participanixperiment B1, in which letters
were used as memorisation stimuli, and solfégdaqiaaits were expected to perform
worse in Experiments B2 and B3, in which nonsepfiatdes and monosyllabic words,
respectively, were used as memorisation stimuliirAportant restriction in the design
of the experiment was that the mode of performasfcthe distraction task was not
imposed by the experiment itself, therefore it was possible to ascertain that
participants were actually using pitch naming sg@s in order to perform the
distraction task. Consequently, the interpretatiehisited by data analysis had to be
conservative, as it was not possible to be conadusegarding the existence and the
extent of the proposed effects.

The correlation of Span scores with Error scorestiie experiments was found to be
non-significant, apart from the case of the norieg@ group in Experiment B1; in all

the other groups, performance in the memorisatisk,twhether memorising letters,
syllables, or words, appeared to be statisticatigourelated with performance in the
distraction task. In the case of the non-solfegaigrin Experiment B1, Kendall's tau

was found significant at p > .05, revealing a pesitelationship between Letter span
scores and Total task correct scores: non-solfagéeipants appeared to be more likely
to perform better in the memorisation task if thdigd well in the distraction task.

Despite the lack of correlation between scoresherrhajority of the cases, a decision
was made to apply a 70% threshold on the performahthe distraction task: separate
analyses were conducted for data from participatics had answered correctly in 70%
or more of the high—low distraction task. The mattr cut-off point was selected so

that it would filter out participants who were pmrhing close to chance in the
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distraction task, while at the same time maintajna sufficient sample size. It is
important to note at this point that, given therelation results across samples,
participants who had not reached the cut-off pmnthe distraction task score should
not be regarded as participants who did not coraplet experiment in an appropriate
manner; although this remained a possibility in sotases, the non-significance of
correlation statistics indicated that the particglabjects should be better considered as
subjects who were not as competent in completiaglistraction task correctly, or were
not able to do it accurately in parallel with therlval task. This effect could be
explained by a variety of reasons, such as lackasic-reading experience, lack of
familiarity with the bass or treble clef or any ethtechnical reason, rather than be

directly attributed to lack of conformity with exp@ent rules.

Statistical analyses showed that solfege and nli@geo groups did not perform
significantly differently in experiments B1 and B)ntrary to the expectations posited
by experimental hypotheses. These findings sugdasiat, in Experiment B1, non-
solfege subjects were not directly using letter eano perform the distraction task, so
an interference effect with the memorisation taskild not be traced; the same
possibility is true for Experiment B3, where therfpemance of the distraction task
without use of solfége note names by solfege ppatits could have led to the absence
of any detrimental effect on memorisation and Hepatformance. In Experiment B2,
however, the difference between the solfege anadnesolfége group was found to be
statistically significant in the overall sample,tmon-significant in the filtered sample
of participants who had achieved over 70% in thgraction task. The participants
eliminated in the filtered sample were 6 (13.64%h&f total sample) and examination
of their scores revealed that their group did favs internal consistency; three of the
participants had yielded Syllable spans over tgpwup mean and the remaining three
had scored below the group mean. The charactemsatius, of these participants as
outliers presented problems; testing a larger samvplld help clarify this ambiguity.

If, however, the decision to eliminate below-70%jsats was dismissed as arbitrary,
what could be an explanation between the solfégetla@ non-solfege group results?
Asserting the presence of interference betweenntbmorisation and the distraction
tasks was also problematic, because of the intipye of results given in Experiments

B1 and B3; it would be implausible to claim thatfége participants had used pitch
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labels only for B2, but not for the other experinsermA possible solution could be
provided by the definition of solfege note namesatsstrictly belonging to the realm of
lexical items, but serving a distinct purpose igmton (Chapter 1.2), which brought
them closer to non-words. This would explain theklaf an interference effect in the
solfege group for Experiment B3, in which the meisettion stimuli were words, but it
would still be potentially problematic in explaiginvhy non-solfége participants did not
show the same effect in Experiment B1. A plausit@lanation could yet again be
derived from the theory of pitch labels developedhapter 1.2, in which it was argued
that solfege note names, owing to their unique dadélire, are automatically used in
every music-reading task; letter names, on therolfamd, lacking the one-to-one
relationship of signifier and signified with noteme used by non-solfege individuals
only when the need arises to refer to ndtesbsentia. This theory explained the
absence of interference effects in Experiments Bd B3, as well as the significant
effect in B2, without the exclusion of any parttbé tested sample; on the other hand,
the problem of the non-significance of the over-7G#mple analysis remained
unresolved. A last attempt to clarify the ambiguatyd shed more light on the possible
effects of solfége use in memorisation tasks w#él imade in the last series of
experiments, which will combine the unambiguous wa$esolfege with a verbal
distraction task.
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5.3. Experiment C

The aim of this series of experiments was to comphe effect of a verbal task on
visual music memory in solfege and non-solfége mass. In order to locate potential
differences between solfege and non-solfege ppaints, the verbal task was designed
with three levels:

4. Phonemic level: Subjects were presented with pairs of letters asicedh to
choose the letter which came first in alphabeticder.

5. Morphemic level: Subjects were presented with pairs of nonsensabégs and
asked to choose the syllable whose consonant castenf alphabetical order.
Despite this task being presented within a syllatmntext, the task itself was
letter-based, similar to the phonemic variatiorkitdsr this reason, it is perhaps
more accurate to name this variatimorphemic/phonemic rather than purely
morphemic.

6. Lexical level: Subjects were presented with pairs of monosyllatweds and
asked to choose the word which contained the larg@®unt of consonants.
Once more, the task, despite being presented wihword context, it was
basically a letter-based, counting task; for tkeigson, a more accurate name for

this variation would be to call itlaxical/phonemic

In all three variants of the experiment, the vetlagk was run in parallel with a music

memorisation task.
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5.3.1. Experiment C1: Phonemic interference in a ngic

memorisation task

In Experiment C1, subjects were asked to memorisd-rote sequence while
simultaneously performing a letter task. The mesation stimuli in Experiment C
were identical to the stimuli used in Experiment(gection 5.1.1.3); the difference
between the tests administered to solfege, taugffége and non-solfege participants
was the mode of recall: non-solfége subjects weoeiged with a list of letter note
names, whereas solfége and taught solfége subyectsprovided with a list of solfége
note names. Taught solfege participants were eggéotfall in the same two categories
described in Chapter 5.1: a) participants perfogr@mmental ‘translation’ between letter
and solfége names during recall and b) participasitsg solfége names directly during
the presentation of the memorisation stimulus. dthhcases, taught solféege subjects
were expected to have a relative disadvantage rforp@ng the music memorisation
task compared to solfege and non-solfége subjbtiseover, the performance of the
letter task stimulus was expected to interfere wthbk performance of the music
memorisation task in the non-solfége group anddmes subjects form the taught
solfege group, who were using letter names to mesmdhe musical stimuli. In the
taught solfege group, the interference of the dedlistraction task and the assumed
disadvantage resulting from the use of solfege marmes were expected to have an
accumulative negative effect on memorisation pertorce. According to these

expectations, the following hypotheses were forteda

1. Non-solfége subjects will be more likely to yieldower Note span scores than
solfege subjects.

2. Taught solfege subjects will be more likely to yiel lower Note span scores

than solfége and non-solfege subjects.

3. The distribution of correct answers in the distracton task will be similar

across the three groups.
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As in experiments A and B (see Chapters 5.1 anyg the taught solfege sample was
extremely restricted in size, therefore statistiaahlyses were conducted using data
from the solfége ad non-solfege groups only; compas with the taught solfége group

were made by reference to score frequencies and soeges.

5.3.1.1. Method: Design

The design of the experiment was a combinationhefdesigns of the previous two
experiments, A and B: it employed an independesigie using Solféege use as the
independent variable, with three levels: solfégeight solfege and non-solfége. The
dependent variable was performance on the memionsaask, measured by the
following parameters:

1. Note span, which was the total amount of notes nelpeeed correctly.

2. Total task correct, which was the total amountasfect answers given in the

distraction task.

5.3.1.2. Method: Participants

41 musicians in total completed the task: 22 warglish and 19 were Greek. 4 of the
English participants had received solfége trairomgr the previous academic year and
received the solfége version of the test; the remgil8 English participants had never

received formal training in solfége and were gittem letter-name version of the test.

The English group included 14 men and 8 women, withean age of 25.41 years; 3
subjects were staff members and the rest wererdgidEhere was one AP possessor in
the group; in terms of first-study instruments,réhevere 7 singers, 3 string players, 4

wind players, 6 pianists, 1 guitar player and Icpssionist.

The Greek group included 2 men and 17 women, withean age of 21.21 years; all
participants in this experiment were students. ljesxatis were AP possessors and 1 had

reported she did not know whether or not she hagtAé remaining participants were
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not AP possessors. There were 2 string playerdnd player, 13 pianists and 1 guitar

player in the Greek group.

5.3.1.3. Materials and Procedure: Memorisation task stimuli

The memorisation task stimuli were the same asstineuli for Experiment A (section
5.1.1.2). Each stimulus was presented in the fdrm 4/4 bar containing a 4-crotchet
sequence, using only natural notes, with no repé&atsh melody was presented only
visually and lasted 5 seconds on the screen. eoretall of the sequence, participants
were presented with a screen containing a listllofic@es with their letter or solfege
names, according to whether they belonged in tifég® the taught solfége, or the
non-solfége group; from this list of options, thegre asked to select the correct notes
in the correct order they had occurred. In additthe seven note names, a set of four
‘Blank’ options was available, in case a participéorgot or was dubious about the
pitch of a note. There was no time restriction he tecall screen. After participants
made their selection and clicked on ‘Next’, a femdbscreen for the memorisation task
appeared for 2 seconds, informing participants ref humber of notes they had

remembered correctly.

5.3.1.4. Materials and Procedure: Letter task stimuli

Between the presentation of the memorisation stimwalnd its recall, subjects were
asked to perform a verbal comparison task. Fort#isk, they were presented with pairs
of letters (e.g. T, Q; O, V) ; letters of each papgpeared in sequence and stayed on
screen for 2 seconds. During the 2 seconds, sshiect to choose if the'br the 3¢
letter, in order of presentation, came first in taghabet, by pressing 1 or 2,
respectively, on the numeric keypad. If a subjededl to press any key during the 2
seconds, the experiment moved on to the next Ip#gr counting the non-response as
an incorrect answer. A feedback screen appeared f®cond after each letter task,

informing participants whether or not they had et answer right.
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In the English version of the experiment, letterpan the verbal comparison task did
not contain any of the first 8 letters in the Eslglalphabet (A, B, C, D, E, F, G, H), in
order to avoid confusion with note letter nameghin Greek version of the experiment,
the letters A, B, E and H of the Greek alphabetewwt used, for the same reason. The
importance of performing the letter task as quickhd as accurately as possible was

repeatedly stressed, both in the written and irvédrbal instructions provided.

5.3.1.5. General procedure

As in all previous experiments on E-Prime, paracis read extensive instructions and
performed practice trials in order to get famikad with the procedure, before
proceeding to the main experiment. The practiadstrior Experiment C followed the
same structure as in Experiments A and B: at fgshjects performed the music
memorisation task separately, then they perforrhedrérbal task separately and, at the
end, they performed two practice trials combinihg two parallel tasks, in an exact

simulation of the experimental procedure.

The core procedure comprised three experimental seteach set, a different note
sequence was presented, which the subject was dskedemorise; between the
presentation of the memorisation stimulus andeitslf, the verbal task took place. The
number of distraction tasks performed in each erpartal set varied between 2—7; the
number of distraction tasks performed during thredhexperimental sets varied between
11-15. A sample procedure of a single experimesgalfor the non-solfége group is

shown in Figure 5.12:
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1. MEMORISATION correct
SCREEN

Please select the correct notes

2. VERBAL TASK:
LETTER 1 ‘
H: H:s Hc B —
3. VERBAL TASK:
LETTER 2 H: HBr Hc B

4. FEEDBACK FOR THE an Blank Blank
VERBAL TASK .BI * . .

5. RECALL SCREEN / Clear Next

Repeated 2-times

6. FEEDBACK FOR THE —
MEMORISATION TASK

You scored 2 out of 4

Figure 5.12: A sketch of the procedure followed in each ofttiree experimental sets in Experiment C1.

Note that stages 2, 3 and 4 were repeated betward 2 times.

At the end of the experiment, the program repattiedollowing scores, both in

absolute and in percentage values:

1 Note span, which is equal to the total number dés@emembered correctly in the
correct position, across all 3 experimental seke maximum score was 12, which
is the sum of all notes in the three 4-note segeensed in the memorisation tasks.

"1 Total errors, which is equal to the total numbeewbrs made in the parallel verbal
task. This score is further broken down in two t/péerrors:
= Speed errors, which is the total number of erreported by the experiment due

to failure of the subject to press any key witlia 2-second timeframe.
= Accuracy errors, which is the total number of esrogsulting from the subject

answering incorrectly to the letter task.
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In addition to these scores, the number of commesivers given in the distraction task
was also used in the analysis; it was calculatedubtracting the Total errors score
from the total number of letter tasks performedtighout the 3 experimental sets. This

was theTotal task correct score and was calculated only as a percentage.scor

5.3.1.6. Results

Table 5.16 displays the descriptive statisticstf memorisation and the distraction

task scores separately for the three groups: sgltegght solfege and non-solfege:
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Mean Median SD Min. Max. Skew Kurtosis
Solfege | 11.11 12 1.49 8 12 -1.33 0.16
Taught | 11.25 11.50 .96 10 12 -0.86 -1.29
Note span| solfege
Non- 10.44 12 3.01 0 12 -2.88 8.93
solfege
Solfege | 92.54 100 12.39 66.67 100 -1.33 0.16
Note span| raught | 93.75 95.83 7.98 8333 100 -0.86 -1.29
(%) solfege
Non- 87.04 100 25.12 0 100 -2.88 8.93
solfege
Solfege | 2.79 3 1.81 0 6 0.41 -0.86
To@l | taught | 3.75 4 222 1 6 -048 -170
letter solfege
errors Nop- 4 3 3.46 0 15 2.01 5.34
solfege
Solfege | 0.37 0 0.50 0 1 0.59 -1.86
Speed | 1, ght | 0.25 0 050 O 1 2 4
errors solfége
Non- 1.06 0 3.51 0 15 4.14 17.38
solfege
Solfege | 2.42 2 1.84 0 6 0.56 -0.37
Aceuracy | raught | 3.5 35 238 1 6 0 - 4.34
errors solfege
Non- 2.94 2 2.26 0 7 0.52 -0.70
solfege
Solfege | 79.71 80 1297 58.33 100 -0.37 -1.08
Totaltask | roght | 7202 70 1680 5833 9333 051  -3.06
correct solfege
(%) Non- 72.15 80 22.99 0 100 -1.90 4.98
solfege

Table 5.16: Descriptive statistics for C1 test scores, byégdfknowledge group. It is important to note

the difference in group sizes: for the solfége tmednon-solfége group N = 19 and N = 16, respdgtive

whereas for the taught solfége group N = 4.
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Values which could cause concern in Table 5.17dbel found in the Note span and
Total errors scores for the non-solfége groups:Note span the minimum value was
zero, meaning that at least one subject had recallenotes correctly, in any of the

sequences, and in Total errors and Total speedsdhre maximum value was 15, which
was also the maximum number of distraction taskthen experiment, implying that

there was at least one subject who had effectifeglgd to complete the distraction task
in parallel with the memorisation. Box plots wes@mined in order to find out whether

these scores belonged to the same subject, asvthikl mean that this subject had
failed to complete the experiment; the outlier ssphowever, were found to belong to
three different participants, all coming from thenrsolfége group: one participant had
failed to recall correctly any notes in the mematien task and two participants had
produced zero answers in the letter task. Althodgha from the zero Note span
participant were excluded in some of the followarglyses, interpreted as belonging to
an exceptionally low-span participant, zero Notarspvas still considered to be an
acceptable score within the current experimentsiigiie On the other hand, zero correct
answers in the distraction task, especially comsidethat all errors were speed errors,
was considered to be a score indicating that ticjpant had failed to complete the

distraction task altogether. As the purpose ofetkgeriment was to test performance on
the memorisation task monitoring the interferermesed by the parallel task, data from
the zero Total task correct participants were et from all analyses; for all

subsequent analyses, the number of subjects inahesolfége group is N = 16, unless

indicated otherwise.

Note span and Total task correct scores were glokteth collectively and separately
for the solfege and non-solfége groups. All Notewrsgscores appeared to have
significantly non-normal distributions, whereassthwas not the case with distraction
task scores, as shown in Table 5.17:
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Tests of Normality

Note span Total task correct (%)

Solféege  Non-solféege  All| Solféege  Non-solfege A

Shapiro-Wilk .643 .667 .693 .929 .910 .925
df 19 16 39 19 16 39
Sig. .000 .000 .000 .169 118 .012

Table 5.17:Values for the Shapiro-Wilk test statistic are whdor the distribution of scores in the two
groups separately as well as in the whole sampi&hnincluded solfége, taught solfége and non-gelfé
participants. All Note span distributions were fdusignificantly non-normal at p < .001; subgroup
distributions of Total task correct scores werenfbnormal, but the combined scores appeared tteceea

significantly non-normal distribution (p < .05).

Because of the violation of the normality assummptimon-parametric tests were
conducted on Note span data. The Kolmogorov-Smithtest statistic was found non-
significant for Note span in the solfege and tha-solfége groups, indicating that the
distribution of Note span scores was the same lsetvike two groups; the Moses
extreme reactions test, however, was found sigmfiat p < .01, indicating that the
variability of scores was different in each grolipe same results were found for Note
span scores in the filtered sample, including quayticipants who had scored 70 or
above in the distraction task: the distributionsobres appeared similar for the two
groups, whereas the Moses extreme reactions testfouend significant at p < .05,

indicating there was a significant difference i ttange of scores in each group. A
graph displaying score frequencies for each grougheé over 70% sample is shown in
Figure 5.13:
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Note span score

Figure 5.13: Note span frequencies for the solfege and the soifdge groups, including only
participants who had scored 70% correctly or abiowbe distraction task. The maximum possible score

was 12; group sizes were N = 14 for the solfégeNirdl 1 for the non-solfége group.

Figure 5.13 shows that 11 out of 14 solfége padicis who scored over 70% correctly
in the distraction task recalled all 12 notes ie g8equences correctly, whereas the
equivalent figure for the non-solfege group wasué @f 11 participants. The graph is
useful in understanding the significance valueseappg in the non-parametric tests
described above: the similarity of the scores’ rthstion can be attributed to the
negative skewness in both distributions, as welltasimilar means and standard
deviations for both groupsa similar pattern of results could be observethingraph

of the overall sample, which had also yielded a-significant Kolomogorov-Smirnov
and a significant Moses extreme reactions tesiss8tatin the taught solfege group,

there were 2 subjects who had scored over 70%erditraction task, who had also

% Descriptive statistics for Note span score indher 70% Total task correct score sample were the

following:

Mean Median SD Skewness Kurtosjs
Solfege 11.57 12 0.94 -2.20 4.12
Non-solfege 11.27 12 0.91 -1.55 -1.5%

271



Chapter 5 Experiment 3

both scored 100% (12 notes) in the memorisatiok; the other two subjects, who had
scored below 70% in the letter task, had a Note sd0 and 11, respectively.

Regarding participants’ performance in the letteskt no relationship was found
between solfege knowledge and the Total task coseeore, § = - 0.01, p > .05,

suggesting that solfege and non-solfege particgp@iad yielded a similar pattern of
performances in the distraction task. Mean scowgstlie three groups and their

associated standard errors are displayed in Tab& 5

Total task correct (%) scores

Mean SE
Solfege 79.71 2.98
Non-solfege 76.48 5.74
Taught solfege 72.92 8.40

Table 5.18:Mean Total task correct scores for the solfege;suifege and taught

solfége groups.

In total, 5 participants (26.32%) from the solfeggel another 5 (31.25) from the non-
solfege group failed to reach the 70% thresholdha letter task. No significant
correlation was found between the number of errotke letter task and the amount of

notes remembered correctly in the correct position.

5.3.1.7. Summary

Hypothesis no. 1 stated that:
Non-solfege subjects will be more likely to yieldwler Note span scores than

solfege subjects.

This statement was not supported by findings froenexperiment C1; solfége and non-

solfege group means for Note span were very simildr.57 and 11.27 notes,
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respectively, for participants who had scored ok@rin the distraction task) and non-
parametric tests conducted on the data did notatevesignificant difference between

the groups.

Hypothesis 2 stated that:
Taught solfege subjects will be more likely to gidgbwer Note span scores than

solfege and non-solfege subijects.

For this experiment, the taught solfege sampleuged only 4 participants, so it was

impossible to draw any conclusions based on comsmasifrom the particular dataset; it

Is also worth noting that two out of the four sutgefailed to reach the 70% threshold in
the distraction task, rendering the comparison Wit other 2 groups even harder.
Despite the limitations of the sample, it shouldhentioned that there was no evidence
of support for the hypothesis, as the Note spamni@athe taught solfege group was

slightly higher than that of the other two groups.

The third hypothesis stated that:
The distribution of correct answers in the dist@cttask will be similar across the

three groups.

This hypothesis was supported by data analysis;pasametric test statistics suggested
that the distribution of correct answers in theeletask was similar for the solfege and
the non-solfége groups, while the mean Total taskect score in the taught solfege

group was very close to the other two groups’ means
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5.3.2. Experiment C2: Morphemic/phonemic interferee in a

music memorisation task

Experiment C2 was identical to Experiment C1, afrarh the stimuli in the distraction
task: instead of being presented with single Isfteubjects were presented with
nonsense syllables. As with Experiments B2 and ré#isense syllables in C2 were
used in order to compare their effect with thatnainosyllabic words in C3; differences
in the extent of interference caused by the sydlahsk on the recall task was expected
to illuminate the nature, function and use of ggifésyllables. In C2, the reading of
syllables required to perform the distraction tasks expected to interfere with the
recall of the pitch sequences in the solfege ardadhght solfege group; consequently,

the following hypotheses were tested:

1. Note span scores will be lower in the solfege antd taught solfege groups

compared to the non-solfége group.

2. The distribution of correct answers in the distracton task will be similar

across the three groups.

5.3.2.1. Method: Design

The design of Experiment C2 was identical to thiaErperiment C1, described in
section 5.3.1.1.

5.3.2.2. Method: Participants

A total of 41 subjects took part in this experime2d subjects were tested in Greece
and 21 subjects were tested in England. Out oEtinglish participants, 4 belonged in
the taught solfége group and completed the soWegsion of the English experiment,
while the other 17 English participants completbéé tetter-name version of the

experiment.

274



Chapter 5 Experiment 3

There were 14 men and 7 women in the English gnaith,a mean age of 21.8 years; 2
participants from the group were music staff meralagrd the rest were music students.
There was one subject in the group who had AP aredswoibject who did not know
whether he had AP; all the remaining participantsrbt have AP. The English group
consisted of 4 singers, 5 string players, 2 wiray@is, 6 pianists, 3 guitar players and 1

percussionist.

The Greek group included 5 men and 15 women, wittean age of 22 years; there was
one staff member amongst participants and thewest all music students. According
to questionnaire responses there were no AP passessthe Greek group for this
experiment; there was, however, a participant wlad hot responded to the AP
question. Instrumental groups included 2 singersstrihg and 2 wind players, 12

pianists and 2 guitar players.

5.3.2.3. Materials and Procedure: Memorisation task stimuli

The memorisation task stimuli were the same asudtifor Experiment A: each

stimulus was presented visually, for a duratiorbafeconds, in the form of a 4/4 bar
containing a 4-crotchet sequence. For the recalthef sequence, participants were
presented with a screen containing a list of atbaavith their letter or solfege names;
from this list of options, they were asked to setbe correct notes in the correct order
they had occurred. In addition to the seven notaeasa a set of four ‘Blank’ options

was available. No time restriction was imposed lom recall screen; after participants
had made their selection and clicked on ‘Nexteedback screen for the memorisation
task appeared for 2 seconds, informing participafitthhe number of notes they had

remembered correctly.

5.3.2.4. Materials and Procedure: Syllable task stimuli

Between the presentation of the memorisation stimalnd its recall, subjects were

asked to perform a verbal comparison task. Fort#sk, they were presented with pairs
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of nonsense syllables (e.g. ke, af, uw); all sylabused in the task fulfilled the
following criteria:
1. They consisted of 1 consonant and 1 vowel, in ender.
2. They did not form abbreviations or acronyms in teelves.
3. The serial combination of syllables in each paid diot form words,
abbreviations or acronyms.
4. The syllables in each pair could include the samwel, but could not include

the same consonant.

Syllables in each pair appeared in sequence aneddstan the screen for 2 seconds;
during this time, subjects had to choose if thesomant of the SLor the 2° syllable, in

order of presentation, came first in the alphabgtpressing 1 or 2, respectively. If a
subject failed to press any key during the 2 sesptite experiment moved on to the
next syllable pair, counting the non-response ameorrect answer. A feedback screen
appeared for 1 second after each syllable paiorimhg participants whether or not

they had got the answer right.

5.3.2.5. General procedure

As in all previous experiments on E-Prime, paracis were provided with explicit
instructions and performed extensive practicednialorder to get familiarised with the
procedure, before proceeding to the main experinigm practice trials followed the
same structure as in the previous experimentsirst subjects performed the music
memorisation task separately, then they perforrhedrérbal task separately and, at the
end, they performed two practice trials combinihg two parallel tasks, in an exact

simulation of the experimental procedure.

The core procedure comprised three experimental $eteach set, a different note
sequence was presented, which the subject was askedemorise; between the
presentation of the memorisation stimulus andeitslf, the verbal task took place. The
number of distraction tasks performed in each expsrtal set varied between 2—7; the
number of distraction tasks performed during thredrexperimental sets varied between
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11-15. A sample procedure of a single experimesgalfor the non-solfége group is

shown in Figure 5.14:

ag

1. MEMORISATION pe
SCREEN

2. VERBAL TASK:

SYLLABLE 1
3. VERBAL TASK:
SYLLABLE 2

4. FEEDBACK FOR THE
VERBAL TASK

5. RECALL SCREEN /

Repeated 2-times

correct

Please select the correct notes

H: H:s Hc B» "
H: HBr Hc B
. Blank . Blank . Blank

Clear Next

6. FEEDBACK FOR THE —

MEMORISATION TASK

You scored 2 out of 4

Figure 5.14: A sketch of the procedure followed in each ofttiree experimental sets in Experiment C2.

Note that stages 2, 3 and 4 were repeated betward 2 times.

At the end of the experiment, the program repaittedollowing scores, both in

absolute and in percentage values:

"1 Note span, which is equal to the total number aés@emembered correctly in the

correct position, across all 3 experimental seke haximum score was 12, which

is the sum of all notes in the three 4-note segeensed in the memorisation tasks.

1 Total errors, which is equal to the total numbeewbrs made in the parallel verbal

task. This score is further broken down in two t/péerrors:

= Speed errors, which is the total number of erreported by the experiment due

to failure of the subject to press any key witlia 2-second timeframe.
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= Accuracy errors, which is the total number of esrogsulting from the subject

answering incorrectly to the syllable task.
In addition to these scores, the number of commesivers given in the distraction task

was also used in the analysis, callBotal task correct and calculated only as a

percentage score.

5.3.2.6. Results

Descriptive statistics for scores in the memoratand the distraction tasks are
presented in Table 5.19 separately for the threamy: solfege, taught solfege and non-

solfege:
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Mean Median SD Min. Max. Skew Kurtosis

Solfege | 10.65  11.50 1.84 6 12 -1.27 0.57

Note span| Taught | 10.25 10 1.26 9 12 1.13 2.23
solfege

Non- | 10.82 11 1.38 7 12 -1.42 2.37
solfege

Solféege | 88.75 95.83  15.36 50 100 -1.27 0.57

Note span| Taught | 85.41 83.33 10.49 75 100 1.13 2.23

(%) solfege
Non- | 90.20 91.67 1150 58.33 100 -1.42 2.37
solfege
Solfege | 3.05 3 2.09 0 7 0.23 -0.98
Total
syllable | Taught | 3.50 3.50 1.29 2 5 0 -1.20
errors solfege
Non- 4.71 4 3.58 1 15 1.84 4.01
solfege
Solfege | 0.20 0 0.41 0 1 1.62 0.70
Speed Taught | 0.25 0 0.50 0 1 2 4
errors solfege
Non- 1 0 3.62 0 15 4.07 16.66
solfege
Solfege | 2.85 3 1.95 0 7 0.23 -0.76
Accuracy | Taught | 3.25 3.50 1.71 1 5 -0.75 0.34
errors solfege
Non- 3.71 4 2.33 0 9 0.67 0.41
solfege

Solfege | 77.76 78.46 15.13 4167 100 -0.51 0.07

Total task | Taught | 72.87 75.13 13.45 5455 86.67 -0.95 1.70
correct solfege
(%) Non- | 66.73  73.33 2294 0 93.33 -1.68 3.7¢
solfege

Table 5.19: Descriptive statistics for C2 test scores fortthree groups. Group sizes were N = 20 and N

= 17 for the solfége and the non solfége groumeetsvely, and N = 4 for the taught solfége group.
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As in Experiment C1 (Table 5.16), there appearetieda subject in the non-solfege
group who failed to produce any response in theleviod the distraction task; this
subject’s data were excluded from all subsequemiyaes' After eliminating the
outlier, the Shapiro-Wilk test was conducted on lwe span and Total task correct
scores, both collectively and separately for théége and non-solfege groups. As
shown in Table 5.20, Note span scores appearedicaly non-normal, whereas the
distribution of Total task correct scores appearaanal for all groups:

Tests of Normality

Note span Total task correct (%)

Solfege  Non-solfege  All| Solféege Non-solfege A

Shapiro-Wilk .756 .807 .807 .960 .951 .970
df 20 16 40 20 16 40
Sig. .000 .000 .000 541 .512 .352

Table 5.20: Values for the Shapiro-Wilk test statistic. Distriions of Note span scores appear
significantly non-normal for both subgroups as vl for the overall sample, whereas distractiok tas

scores appear normal.

Because of the violation of the normality assummptimon-parametric tests were
selected for the analysis of Note span scores.Kidh@ogorov-Smirnov Z test statistic
was found non-significant for Note span in the e&géf and the non-solfege groups,
indicating that the distribution of Note span ssokgas the same between the two
groups; the Moses extreme reactions test, howeves, found significant at p < .05,
indicating that the variability of scores was diffet in each group. The Moses test was
not significant in the filtered, over-70% correct the distraction task sample; it is
important to note that a total of 14 subjects fritv@ solféege group and 9 subjects from
the non-solfége group scored over the 70% threshBigure 5.15 displays the
frequencies for Note span scores in the unfiltered the unfiltered sample, separated
by solfege group:

* Note that it was a different participant in Expeents C1 and C2 who failed to perform the distoacti
task.
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Figure 5.15: Note span frequencies for the solfége and thesoifeége group, in the overall sample,
including all solfége and non-solfege subjects amthe filtered sample, including only subjects who
scored 70% or above in the distraction task. Theirmam possible score was 12 notes; group sizes were

N = 36 for the overall sample and N = 23 for thero¥0% sample.

Figure 5.15 shows that the pattern of performamaesvery similar between the filtered
and the unfiltered sample, indicating that the edldht Moses extreme reactions test
were a result of the small sample sizes, combinéd twe large number of tied scores.
Out of the 4 taught solfege participants, one ladldd to reach the 70% threshold in the
distraction task and had yielded a Note span otH€yemaining three participants had
all scored above 70% correctly in the syllable tasé had yielded scores equal to 9, 10

and 12 notes, respectively.

Regarding participants’ performance in the syllatdsk, no correlation was found
between Total task correct scores and the solféggpghe participants belonged ip, r
= 0.28, p > .05; mean scores and associated sthedars for the three solfege groups

are displayed in Table 5.21:
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Total task correct (%) scores

Mean SE
Solfege 77.76 3.38
Non-solfege 70.90 5.56
Taught solfege 72.87 6.73

Table 5.21:Mean Total task correct scores for the solfege;suifege and taught

solfege groups.

In total, 6 participants (30%) from the solfége ypohad failed to reach the 70%
threshold in the letter task, whereas the equivateimber for the non-solfege group
was 7 participants (43.8%). No significant corrielatwas found between the number of
errors in the distraction task and the amount desiaemembered correctly in the

correct position.

5.3.2.7. SUmmary

Hypothesis no. 1 stated that:
Note span scores will be lower in the solfege ahe taught solfege groups

compared to the non-solfége group.

This hypothesis was not supported by findings; parametric tests showed that the
distribution of note span scores was the same sathessolfége and non-solfege groups,
while the mean Note span in the taught solfegemweas very close to that of the other
two groups; the exclusion of participants who headred below 70% correctly in the

distraction task did not alter these results.
The second hypothesis stated that:

The distribution of correct answers in the dist@attask will be similar across the

three groups.
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This hypothesis was supported by data analysist t&fe removal of an outlier, who had
produced zero answers in the syllable task, theilolision of correct answers was the
same in the solfege and non-solfege groups. It asthvnoting, however, that the
percentage of participants failing to reach the 7Ab%eshold was particularly high in
Experiment C2 (30% for the solfege and 43.8% ferritbn-solfege group); performance
in the distraction task across experiments wiltlsgeussed in Chapter 5.4.
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5.3.3. Experiment C3: Lexical/phonemic interferencein a

music memorisation task

Experiment C3 was identical to Experiments C1 ad &part from the stimuli in the
distraction task: instead of being presented wettets or nonsense syllables, subjects
were presented with lexical phonemes, i.e. monakilwords. As in Experiment C2,
the performance of the word-based distraction taak expected to affect negatively
performance in the memorisation task for subject® wised solféege note names.
Consequently, the following hypotheses were tested:

1. Solfege and taught solfege participants will haveoer Note span scores

compared to non-solfége participants.

2. The distribution of correct answers in the distracton task will be similar

across the three groups.

5.3.3.1. Method: Design

The design of Experiment C was identical to C1 &®@ Solfege use was the
independent variable, with three levels: solfegeight solfege and non-solfége, and
performance on the memorisation task was the depmendariable, measured by the
following parameters:
3. Note span, which was the total amount of notes nelpeeed correctly.
4. Total task correct, which was the total amountafect answers given in the
distraction task.

5.3.3.2. Method: Participants

A total of 41 subjects took part in this experimetf subjects were tested in Greece
and 22 subjects were tested in England. Out oEtinglish participants, 5 belonged in
the taught solfége group and completed the soWegsion of the English experiment,
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while the other 17 English participants completbé tetter-name version of the

experiment.

13 men and 9 women participated in the English greath a mean age of 25.36 years;
2 participants from the group were music staff meraband the rest were music
students. There was one subject in the group whkioAtaand 3 subjects who did not
know whether or not they had AP; all the remainipgrticipants were not AP

possessors. The English group consisted of 3 singestring players, 4 wind players, 7

pianists and 3 guitar players.

The Greek group included 6 men and 13 women, withean age of 21.05 years; all
subjects in this group were students. Accordinguestionnaire responses there were 2
AP possessors in the group and one person had fail@spond to the AP question; the
rest were non-AP subjects. Instrumental groupsuded 4 singers, 2 string and 2 wind

players, 9 pianists and 2 guitar players.

5.3.3.3. Materials and Procedure: Memorisation task stimuli

The memorisation task stimuli were the same aerptevious experiments in group C:
each stimulus was a 4-crotchet sequence, preseisially for 5 seconds. For the recall
of the sequence, participants were presented wsitreen containing a list of all notes
with their letter or solfége names; from this t$toptions, they were asked to select the
correct notes in the correct order they had ocduidreaddition to the seven note hames,
four ‘Blank’ options were also provided. No timestiéction was imposed on the recall
screen; after participants had made their seledimnh clicked on ‘Next’, a feedback
screen for the memorisation task appeared for @mgks; informing participants of the
number of notes they had remembered correctly.
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5.3.3.4. Materials and Procedure: Verbal task stimuli

Between the presentation of the memorisation stimwalnd its recall, subjects were
asked to perform a verbal comparison task. Fort#sk, they were presented with pairs
of monosyllabic words: words in each pair appedredequence and stayed on the
screen for 2 seconds. During the presentation efsthcond word, subjects had to
choose whether the*Ior the 2° word, in order of presentation, contained the egig

amount of consonants. If a subject failed to pr@sg key during the 2 seconds, the
experiment moved on to the next word pair, countimg non-response as an incorrect
answer. A feedback screen appeared for 1 secoed edich word pair, informing

participants whether or not they had got the ansigét.

5.3.3.5. General procedure

As in all previous experiments on E-Prime, paracis were provided with explicit
instructions and performed extensive practicegnialorder to get familiarised with the
procedure, before proceeding to the main experiném practice trials followed the
same structure as in the previous experimentst, fagbjects performed the music
memorisation task separately, then they perforrhedrérbal task separately and, at the
end, they performed two practice trials combinihg two parallel tasks, in an exact

simulation of the experimental procedure.

The core procedure comprised three experimental seteach set, a different note

sequence was presented, which the subject was dskedemorise; between the

presentation of the memorisation stimulus andeitslf, the verbal task took place. The
number of distraction tasks performed in each erpartal set was between 2—7; the
number of distraction tasks performed during threghexperimental sets was between
11-15. A sample procedure of a single experimesgalfor the non-solfége group is

shown in Figure 5.16:
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at

1. MEMORISATION bend
SCREEN correct
Please select the correct notes
2. VERBAL TASK:
WORD 1
H: H:s Hc B» "
3. VERBAL TASK:
WORD 2 H: HBr Hc B

4. FEEDBACK FOR THE an Blank Blank
VERBAL TASK .BI " . .

5. RECALL SCREEN / Clear Next

Repeated 2-times

6. FEEDBACK FOR THE —
MEMORISATION TASK

You scored 2 out of 4

Figure 5.16: A sketch of the procedure followed in each ofttiree experimental sets in Experiment C3.

Note that stages 2, 3 and 4 were repeated betward 2 times.

At the end of the experiment, the program repattiedollowing scores, both in

absolute and in percentage values:

"1 Note span, which is equal to the total number aés@emembered correctly in the
correct position, across all 3 experimental seke aximum score was 12, which
is the sum of all notes in the three 4-note segeensed in the memorisation tasks.

1 Total errors, which is equal to the total numbeewbrs made in the parallel verbal
task. This score is further broken down in two g/pé&errors:
= Speed errors, which is the total number of erreported by the experiment due

to failure of the subject to press any key witlia 2-second timeframe.
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5.3.3.6. Results

Descriptive statistics for scores in the memorsaand the word tasks are presented in

Table 5.22 separately for the three groups: solfisggght solfége and non-solfége:

Mean Median SD Min. Max. Skew Kurtosis
Solfege | 11.68 12 0.48 11 12 -0.86 -1.42
Note span| Taught 9.6 9 2.30 7 12 0.20 -2.18
solfege
Non- 10.12 11 2.40 3 12 -1.86 3.99
solfege
Solfege | 97.37 100 3.98 91.67 100 -0.86 -1.42
Note span | Taught 80 75 19.18 58.33 100 0.20 -2.18
(%) solfege
Non- 84.31 91.67 19.96 25 100 -1.86 3.99
solfege
Solfege | 2.53 1 3.63 0 12 2.10 3.78
Total word | Taught 2 3 1.41 0 3 -0.88 -1.75
errors solfege
Non- 1.94 0 1.64 0 6 0.98 0.85
solfege
Solfege | 0.79 0 2.74 0 12 4.23 18.18
Speed Taught 0 0 0 0 0
errors solfege
Non- 0.18 0 0.39 0 1 1.87 1.67
solfege
Solfege | 1.74 1 2.88 0 12 2.81 9.12
Accuracy Taught 2 3 1.41 0 3 -0.88 -1.75
errors solfege
Non- 1.76 1 1.52 0 5 0.81 -0.34
solfege
Solfege | 81.53 93.33 27.46 0 100 -2.22 4.54
Total task | Taught | 86.46 80 9.26 80 100 0.98 -1.19
correct solfege
(%) Non- 86.37 86.67 11.28 60 100 -0.81 0.22
solfege

Table 5.22: Descriptive statistics for C3 test scores fortthree groups. Group sizes were N = 19 and N

= 17 for the solfege and the non solfége groupeesvely, and N = 4 for the taught solfege group.
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Table 5.22 showed that there was at least onecypamtit in the solféege group who had
failed to produce any answers in the distractiomdwask, yielding a zero Total task
correct scoré.Data were examined and showed that there was ariigipant in the
solfege group who had not completed the distradtisk; data from this subject were
removed from all further analyses. Following thenowal of the outlier, the Shapiro-
Wilk test was conducted on Note span and Total taskect scores for all groups; the
tests revealed that all distributions except oneevgegnificantly non-normal. Table 5.23
shows normality test statistics for the solfege #menon-solfege subgroups, as well as

for the total sample:

Tests of Normality

Note span Total task correct (%)

Solféege  Non-solféege  All| Solféege  Non-solfege A

Shapiro-Wilk .601 782 .691 .690 915 770
df 18 17 40 18 17 40
Sig. .000 .001 .000 .000 122 .000

Table 5.23: Values for the Shapiro-Wilk test statistic. Allsttibutions were found non-normal, apart

from the Total task correct score for the non-gg@fgroup.

Because of the violation of the normality assummptimon-parametric tests were
selected for the analysis of Note span scores. Miaen-Whitney U as well as the
Moses extreme reactions tests were both foundfwignt, at p < .05 and p < 001,
respectively, indicating that the distribution afoses across groups, as well as the
variability of scores within each group, were diffiet for the solfege and the non-
solfege group. The Kolmogorov-Smirnov Z test statjson the other hand, was found

non-significant at p > .05; although the lattercansidered to have better power in

® The corresponding speed errors for this subjece W@ because, as explained in section 5.2.1.5, the
number of distraction tasks across the three exymial sets could vary between 11 and 15; the subje
who failed to complete the distraction task in tinistance was a subject who had received a testdnav

12 distraction tasks overall.
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smaller samples, the discrepancy between the tats #nd the significance of the

Moses test justified further examination of theadat

Simple regression analysis was conducted on No#@n sgcores, using solfege
knowledge as the predictor variable with two levelsifege and non-solfege; as the
assumption of normally distributed errors had bemtated, bootstrap samples were
used for the analysis. Regression results areayisglin Table 5.24:

Note span scores

B SE B B
Constant 10.12 41
Solfége knowledge  1.55 .58 A2F*
R°= .18, p< .05
**p<.05s

a. Bootstrapped values. Significanceffas also based on

bootstrap samples.

Table 5.24:Simple regression results for Note span scores.

The value of Rindicates that solfége knowledge affected the msigmificantly as a
predictor; the value off, however, suggested that, contrary to predicticutfege
subjects had yielded significantly higher Note spanres than non-solfége subjects.
The same regression analysis was conducted orfrdatgparticipants who had scored
over 70% correctly in the word distraction taskyaticipants had been eliminated from
the dataset as a result of the filtering procedRegression results for the over-70%

sample were also found significant at p < %0lidating further the conclusion that

® Regression results for the over 70% correct sampte as follows:

B SE Ba B
Constant 10.31 0.54
Solfege knowledge 1.44 0.55 ALx*

R°= .16, p<.05** p<.05s

a. Bootstrapped values. Significance ffas also based on bootstrapped samples.
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solfege participants were significantly more likeéty produce higher Note span scores
than their non-solféege counterparts. In the tasgtfege group, all five subjects had got
over 70% of the answers in the distraction taskemthy; their mean Note span score
was lower than mean Note span scores for the soliad the non-solfege group, in the

filtered sample (Figure 5.17):

Mean Note span score

12— I

11

10— —T

Mean Note span +- 2 SE
©
I

6_ N S

I I I
Solfege Taught solfege Non-solfege

Figure 5.17: Mean Note span scores of the three solfége grdapgarticipants who had scored over
70% correctly in the distraction task. For the 8gé group (N =) M = 11.75, for the taught solfegaug
(N =) M = 9.6 and for the non-solfége group (N =FM.0.31.

Regarding participants’ performance in the letéemkt all non-parametric test statistics
were found non-significant, suggesting that solfegel non-solfége participants had
yielded a similar pattern of performances in thstrdction task. Mean scores for the

three groups with their associated standard eam@slisplayed in Table 5.25:
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Total task correct (%) scores

Mean SE
Solfege 86.06 4.63
Non-solfege 86.37 2.74
Taught solfege 86.46 414

Table 5.25:Mean Total task correct scores for the solfege;suifege and taught

solfege groups.

In total, 2 participants (11.11%) from the solfégeup had failed to reach the 70%
threshold in the letter task, whereas the equivateimber for the non-solfege group
was 1 participant (5.88%); all taught solfege pgrtints had scored above 70 in the
distraction task. No significant correlation wasirid between the number of errors in
the word task and the amount of notes remembenedatly in the correct position in
the overall sample; within solfege subgroups, hawvea significant positive correlation

was found between the two scores only in the selfggup;yr = .61, p < .01.

5.3.3.7. SUmmary

Hypothesis no. 1 stated that:
Solfege and taught solfege participants will hamedr Note span scores compared

to non-solfege participants.

This hypothesis was not supported by data analgsigthe contrary, simple regression
analysis results showed that solfege participamtiewnore likely to yield higher Note
span scores than non-solfege participants. Forstiiége group only, a significant
correlation was also found between distraction tpskformance and memorisation
performance. On the other hand, taught solfegeestsohad the lowest mean Note span
score in the three groups; this finding, howevenilld not be generalised as it was

derived from data from only 5 participants.
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The second hypothesis stated that:
The distribution of correct answers in the dist@cttask will be similar across the
three groups.

This hypothesis was supported by analysis resallswing the removal of the outlier,

who had produced zero responses in the distratéisk, the distribution of correct
answers was the same in the solfege and non-sajfeges. It is also worth noting that
the percentage of participants scoring above 70%andistraction task in C3 was the
highest compared to C1 and C2 results; participanformance in the distraction task

will be discussed in the following chapter.
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5.3.4. Experiment C: Discussion

The aim of the experiments in group C was to comphe effects of various verbal
tasks on visual music memory, in solféege and ndfége musicians. For this purpose,
subjects had to memorise a short note sequencetwietiforming a verbal task in
parallel: in Experiment C1 the verbal task waseleltased, in Experiment C2 it was
syllable-based and in Experiment C3 there was aliwased distraction task. The
assumption behind the hypotheses posited in eatttedhree variants of Experiment C
was that, as the recall screen prompted particspgmtuse note names in order to
identify the memorised sequence, the names wotsdféne selectively with the verbal
task: non-solfége participants, using letter natnesemorise the notes, were expected
to perform worse than their solfége counterpart€1n due to the parallel performance
of the letter-based task; recall in solfege pagrtiats, on the other hand, was expected to
be negatively affected by the parallel performaoicsyllable- and word-based tasks in
C2 and C3, respectively. Taught solfege particpanere expected to experience
difficulty in all cases, as they were assumed toeliber performing a ‘translation’
between letter and solfége names or attemptingetmaonise the note sequence using the
less familiar solféege names. A restriction in thesign of the experiment was that,
although in C2 and C3 subjects were presented wibnsense syllables and
monosyllabic words, respectively, the essence efuirbal task they were asked to
perform was, as in C1, letter-based: in all threpeeiments, subjects were asked to
think about the alphabetical order or the numberasfsonants in the verbal units. This
entailed that participants could potentially igndhe phonemic surroundings of the
verbal element in question and concentrate on ilugahe consonants, in order to
perform the task as quickly and accurately as ptessiThe reason these tasks were
selected was to maintain comparability betweers testifferent languages; in order to
accommodate a range of languages, however, thésiore®f the test regarding the

nature of the interference tested was compromised.

The expected differences between the solfége aneoléege groups were not located
in the data analysed for this experiment. The atétistically significant difference

between the two groups had, in fact, the opposieciibn to the one expected in the
hypotheses: in Experiment C3, where the subject® wsked to perform a parallel

word-based task, solfége participant had produggdficantly better Note span scores
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than non-solfege subjects, indicating that, attleaserms of absolute comparison, the
parallel verbal task did not affect their memoiisatperformance negatively. The
possibility of solfege subjects not using solfegenes to perform the memorisation task
was considered very low, as the stimuli were priegskeronly visually and subjects
expected to demonstrate their recalled answer oifege names; this allowed two
possible explanations for the perceived effect:

1. Solfege subjects found the word-based task easian their non-solfege
counterparts. This could have happened for numemasons: the nature of the
Greek language, the characteristics of Greek mdiabsy words and/or the
education system, which made it easier for Greekiggaants to isolate
consonants and count them within the given time&amwere just a few of the
possible reasons why Greek solfege participantildoave presented a relative
advantage in performing the distraction task.

2. The verbal task in C3, despite being presentedardsy was principally a letter
task; for this reason, non-solfege subjects, wheewsing letter names for the
memorisation task, were negatively affected byghaeallel performance of the
task. Such an explanation, however, would be jestibnly if a similar negative
effect had been found on the Note span scores perirent C1, in which
participants had to perform a purely letter taskcé results in C1 showed no
effect of solfege knowledge on Note span scoresag not possible to attribute
the significant effect in C3 to the design of thexbal task. It is true, however,
that the ambiguity of the nature of verbal tasksCih and C3 — a letter task
presented within nonsense syllables and a lettek taresented within
monosyllabic words, respectively — constituted gomeestriction in the design,
which prevented any generalisations in the conohssiFor C3, a semantic task
based on words would help clarify the ambiguity;tbe other hand, preserving
the monosyllabic character of words would be imfmesn such a task, mainly

due to restrictions posed by the Greek language.

Regarding performance in the distraction task, yameas showed no difference between
results produced by solfege and non-solfege suhjactany of the three experiments;
moreover, span scores and distraction task scoees feund to have no significant
correlation, apart from one case: solfege partidpavho scored highly in the word

distraction task were found to be more likely tofpen well in the memorisation task

295



Chapter 5 Experiment 3

in Experiment C3. This finding, however, was coes@dl to be circumstantial and no
further explanation was attempted to be given,tawas not consistent within the
solfege group or any other group throughout theakExperiment C. The most notable
finding regarding performance in the distractiomskis was the high percentage of
solfege and non-solfége participants performingowethe 70% correct threshold in
Experiment C2; even after the removal of zero-spparticipants, 30% of the solfege
and 43.8% of the non-solfege participants had ggd than 70% of the answers in the
distraction tasks correctly. This percentage istigpaarly important when seen in
contrast with the equivalent percentages in the aeshe experiments in this unit; a
comparison of the Total task correct scores acegpsriments will be discussed in the

following chapter.
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5.4. Experiment 3: General discussion and conclusie

5.4.0. Synopsis of Experiment 3

The aim of Experiment 3 was to illuminate aspedtghe function of solfége note
names within memory by comparing their effect wiitle effect of using letter names
when performing two tasks in parallel; for this pose, a series of computerised
experiments, A, B and C was designed. Experimemnta& designed to function as a
basis for all further comparisons, as it combin&d musical tasks: a memorisation
task, for which the recall was executed via eithalféege or letter note names, and a
parallel pitch comparison task. In the B seriesxgferiments, including B1, B2 and B3,
the note memorisation task was replaced by a vermhorisation task, whilst the
parallel pitch comparison task remained the same Bgperiment A; in the C series of
experiments, also including three subvariations, €A and C3, the memorisation task
was musical, as in Experiment A, but the paralisktwas verbal. Each one of the seven
experiments (A, B1, B2, B3, C1, C2, C3) also cowgdi variations in the number of
parallel tasks performed in each experimental Bepériments A and C) or in both the
number of memorisation stimuli presented and thaber of parallel tasks (Experiment
B). The decision to include so many variations asubvariations of the basic
experimental core stemmed from a lack of prior aede in the field, combined with a
lack of time to pilot each element of each expeninseparately; piloting for this
experiment aimed mainly to determine durations dbmulus presentations and the
range of the number of items presented in eachremeetal set. As such, the whole of
Experiment 3 was mainly exploratory in nature, aignio provide a general framework
for further research in the field; data analysigesded not only the most prominent
quantitative indexes but also certain charactesstif the dataset which required the
adoption of a different methodological approachbrder to be tested thoroughly. On the
other hand, an inherent drawback of this type af-restrictive, broadly-conceived
design was that it rendered the generalisatiomgfcanclusions drawn implausible; all
findings from data analysis have to be considergdinvthe framework and limitations
of the present research.
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The task which the participants were asked to peria parallel with the memorisation
task could either be a pitch comparison, as in exyats A and B, or a verbal task; the
importance of performing the parallel task as ammly as possible was stressed
repeatedly to the participants before the comptetid each experiment. In order to
ensure that participants were not giving priordyttie memorisation task, neglecting the
parallel task, a 70% threshold was establishedhasntinimum amount of correct
answers in the parallel task, over which participamere considered highly likely to
have invested sufficient effort in the performamdehe task. Subjects scoring below
70% correctly in the distraction task were not endtically classed as subjects who had
not attempted to perform the task appropriatelyt, rather as displaying considerable
difficulty in performing the two tasks simultanebysfor this reason, data from these
subjects were excluded in some of the analysegh®mwther hand, data from subjects
who had produced zero correct answers in the digtratask were excluded from all
analyses, as these individuals were thought to lefextively performed only the
memorisation task. Many subjects had reported,r aftee completion of the
experimental procedure, that they had found thermaselnadvertently pressing the
wrong button on the computer keyboard in respondiinthe distraction stimulus; as,
according to self-reports, none of the subjectsewayslexic or suffering from other
learning disabilities, and given the extensive ama@d practice trials taking place at the
beginning of each experiment, such ‘reflex errongre considered to have been
distributed evenly amongst participants, so thdfeats had been balanced. It is
important to remember at this point that correlatb@tween distraction task scores and
span scores was found significant in very few, agior cases: for non-solfége
participants the relationship was significant impEximents A and B1, while for solfége
participants the relationship was significant oimExperiment B3. The direction of the
correlation, which was positive for both groupsmdastrated that, even in these cases,
low performance in the distraction task was no¢sult of favouring one task over the
other, but rather a reflection of a more generé#iicdity in performing both tasks
simultaneously; this resulted in consistently highconsistently low scores in both

tasks.

In summary, data analysis in each of the threeraxpat groups, A, B and C, showed
that:
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1. Non-solfége participants who performed well in therallel music task were
more likely to perform well in the memorisation kaas well, when the
memorisation stimuli were notes or letters; whes tiemorisation stimuli were
nonsense syllables or words, no correlation wasddaetween performances in
the two parallel tasks for the solfege group.

2. Solfege participants who performed well in the musiemorisation task were
more likely to perform well in the parallel verbiask, when the stimuli were
monosyllabic words and the task was to determieedifference in the amount
of consonants in each word pair; no correlation feasd between performance
in the music memorisation task and performancenenverbal task when the
latter required the alphabetic classification ofeles, either presented in isolation
or within nonsense syllables.

3. Solfege and non-solfege participants did not shay statistically significant
difference in their performance of the music mesetion task when the parallel
task included the classification of pitch heightalphabetical order.

4. Non-solfege participants appeared to yield sigaifity lower scores in their
performance of the music memorisation task wherptrallel task included the
arithmetic comparison of consonants within wordgai

5. Solfege participants appeared to yield significamdwer scores in the verbal
memorisation task compared to non-solfege partntgavhen the memorisation
stimuli were nonsense syllables; the differencevben solfege and non-solfege
performances when stimuli were words was found éxtiree non-significant (p
= .058). No significant difference was found betwesmlfege and non-solfege

performances when verbal memorisation stimuli ciedi of letters.

5.4.1. Comparison of performance in experiments Aral C

Experiment A and experiments in the C series (G4, €C3) shared the same pitch
memorisation tasks but had different distractiosk$a Within each one of these
experiments separately, no difference was foundvdmt solfege and non-solfege
performances, in either the memorisation or th&atiion task, apart from Experiment
C3: in C3, when the distraction task consisted had arithmetical comparison of
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consonant numbers in pairs of words, solféege stdbjgere found to be more likely to

yield higher Note span scores.

The general design adopted in Experiment 3, acegrthh which each participant was
tested on a pseudo-random selection of three ar éaperiments out of the seven
available, had secured an adequate number of iparits in each experiment
separately: the minimum number of participants m experiment was 41, for
experiments C1, C2 and C3 and the maximum 55, kpeiment A. This approach,
however, did not control for the number of subjgetsticipating in combinations of
experiments; this restriction, along with the fewt most score distributions were non-
normal, hindered repeated-measures analysis of fdata participants who had been
tested across several experimental conditions. dere although sample sizes justified
conducting mixed ANOVA in each pair of tests, faample on data from A and C1, A
and C2, A and C3 and so on, using Note span asvitin-subjects variable and
solfege group as the between-subjects variable,irtbquality of solféege and non-
solfege group sizes, combined with the lack of imHroup normality and the violation
of the homogeneity of variance assumption in tret waajority of the cases, would have

rendered the resulting F statistics extremely ugiéd.

For these reasons\ scores were used again (see Chapter 3.3), refpirggdahe
difference between Span scores in two experimémt&xample, if Note span achieved
in Experiment C1 was subtracted from Note spanexeh in Experiment A, the
resultingA score Aaci) would indicate whether or not the subject hadgrered better

in one of the two tasks; a negative value wouldcaig that Note span had been higher
in C1, a positive value would indicate that Notarsjmad been higher in A and a value
of zero would indicate that the subject had remeastbéhe same total amount of notes
in both experiments.

A scores were calculated for the following combioragi of Note span scores:
Aac1 = Note span A - Note span C1 (N = 19)

Aac2 = Note span A - Note span C2 (N = 22)

Aacs = Note span A - Note span C3 (N = 22)

Ac31 = Note span C3 - Note span C1 (N = 16)

Acs32 = Note span C3 - Note span C2 (N = 19)
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Ac12 = Note span C1 - Note span C2 (N = 14)

Although sample sizes were still insufficient, eacte of these scores was entered as
an outcome variable in simple regression analysiisgubootstrap samples, with solfége
group as the predictor variable with two leveldféesge and non-solfége; all regression
results were found non-significant, suggesting thatchange in Note span scores did
not depend on whether or not the participant had sslfége in recall.

Mean scores for each group (solfege, non solfege t@night solfege) in each
experiment were also plotted, in order to acquimmae spherical view of the data
gathered from all experiments; the lines in FighrE8 represent Mean scores achieved

by each group in Experiments A, C1, C2 and C3:

Mean Note span scores (full sample)

12 4
10+
c
§ -@- Solfege
o 97 - Non-solfege
3 Taught solfége
8 -
7 |
6
A C1 Cc2 C3

Figure 5.18: Mean Note span scores achieved by participanthénexperiment. Note that the above
graph shows full sample means, rather than meangafticipants who completed all four experiments;
therefore sample sizes are equal to sample sizeadh experiment separately, minus all zero-scoring

participants in the distraction task.

" Simple regression results for each analysis stgigrean be found in Appendix 5.
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The lines in Figure 5.18 agree with non-significeegression findings in all cases but
those which involved data from Experiment C3: meeores for the solfege group in
this experiment appear higher compared to the akpeeriments, especially the lower-
scoring C2. Solfege subjects appear to have peedroetter than the other groups in
C3, a finding consistent with regression analyssilts in C3 (see section 5.3.3.6); they
also appear to have performed better in C3 as @pgrompared to performance in the
other Experiments. Another interesting point enmegdgirom Figure 5.18 was that the
taught solfege group means follow the same patisrthe non-solfege group means
rather than that of the solféege group; this is magparent in the difference in means
between Experiments A, C1 and C3, as the mean $ipate of all three groups appears
to have dropped in C2 compared to C1. The samdusians can be drawn from the
line graph depicting the amount of subjects in eaqteriment scoring less than 70% (9

notes) in Note span, as shown in Figure 5.19:
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Figure 5.19: Percentage frequency of participants remembeesg than 9 notes out of 12 in experiments
A, C1, C2 and C3.

Figure 5.19 indicates that, as suggested by Fi§ut8 and the results of regression
analysis in 5.3.3.6, solfege participants perforrbetter in C3 compared both to the

other experiments and to the other groups, as there no solfege participants that
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remembered less than 9 notes in C3, while the otiage group had its biggest
population with a Note span of less than 9 notethéxsame experiment. The exact
opposite appeared to happen in Experiment C2, ichwthe non-solfége group had
zero participants scoring below 70% in Note spahijenvat the same time the solfege
group had its highest percentage of below-70% Npten subjects in C2; it is also
interesting to note that zero non-solfége participdad a Note span of less than 9 in
Experiment C1 as well. Taught solfege group appagasn to yield a pattern closer to
the non-solfege group than to the solfege grougsé&Hindings suggest that, although
solfege knowledge groups yielded relatively simiexte span scores, in absolute terms,
within the same experiment, there were differenoesveen groups in the way Note
span fluctuated across experiments; the fact thatcores did not corroborate this
finding could be attributed to the extremely smalmple sizes available for

comparisons.

It is also interesting to see how scores in therabfon task changed across
experiments; since the 70% threshold was adopteth@distraction task throughout
Experiment 3, it is useful to see the percentagesalfiege, non-solfége and taught
solfége participants scoring below the 70% thresholExperiments A and C (Figure
5.20):

Distraction task below 70%

~
o
|

(o2}
o
I

a
o
I

N
o
I

-@- Solfege
- Non-solfége
Taught solfeg

w
o
I

D

Frequency (%)

N
o
I

=
o
I

o

>

C1 c2 C3

Figure 5.20: Percentage frequency of participants scoring b&o% correctly in the distraction task in

each experiment.
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Figure 5.20 indicates that both the solféege andrnbe-solfége groups presented a
similar pattern of results regarding the distribatof participants in high (70% or over)
and low (below 70%) scorers in the distraction tdsks important at this point to note
that, in each of the four experiments, participdrad to perform a different distraction
task; in Experiment A the distraction task was #&clpicomparison task, in C1
participants had to determine alphabetical priantyairs of letters, in C2 participants
had to determine alphabetical priority of lettergairs of nonsense syllables and in C3
participants had to compare the number of consenianpairs of words. Despite the
differences in the nature of distraction tasks, éesv, subjects appeared to produce
similar patterns of high and low scorers in eacheexnent; the fact that for both the
solfege and the non-solfége groups C2 had the towstscorers and C3 the least,
suggested that performance in the distraction task affected by factors like the
difficulty of the task overall and perhaps the idifity of the simultaneous performance
of the two tasks. This called for an alteratiotha experimental design, so that subjects
would be ‘forced’ to perform over 70% in the disfian task; the Unsworth et al (2005)
Aospan experiment, on which all experiments in Hastion were modeled, provides a

possible solution to this problem (Unsworth e28i05).

Apart from pictorial representation of the data tbservation of the actual percentage
values showing the frequency of participants sgphbalow 70% in the distraction task
can also lead to useful remarks: Table 5.26 dispthgse frequencies for the solfege
and the non-solfége groups; taught solféege dat waritted because of the limited

sample size.

Occurrence of Total task correct scores below 70%
A C1 C2 C3
Solfége 7.4% 26.3% 30% 11.1%
Non-solfége 18.2% 31.3% 43.8% 5.9%

Table 5.26:Percentage frequency of participants scoring b&1e% in the

distraction task in each experiment.
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The values in Table 5.26 reveal that Experiments &l C2 had produced a
considerable amount of low-scoring participantsthwa minimum of 26.3% and a

maximum of 43.8%, the tasks including alphabeticdering in C1 and C2 appeared to
pose serious difficulties to participants, compadveth to the music distraction tasks of
Experiments A and B and to the consonant-countasi tof C3. This finding, too,

suggested the need to alter the presentation oflidieaction tasks in order to avoid
such poignant fluctuations in the data; relativelgble scores in the distraction tasks
would help towards a clearer interpretation of pmeseffects of the distraction task on

the memorisation and recall tasks.

5.4.2. Comparison of performance in experiments Aral B

Experiments A and B had the distraction task in mmm and differed in the nature of
the memorisation tasks: in Experiment A subjectsewasked to memorise pitch
sequences, in Bl letter sequences, in B2 nonseedble sequences and in B3
monosyllabic word sequences. Analysis of experialedaita yielded a significant
difference between the solfege and the non-solfggep in Syllable span scores in B2
(section 5.2.2.6) and a borderline non-significdifference between the two groups in
Word span scores (section 5.2.3.6).

A scores were also calculated for all combinatidrdigiraction scores; in order to
distinguish them fromA span scored\ distraction task scores are denotedBsscores:
ADag; = Total task correct A - Total task correct B1 (Ii25)

ADpp> = Total task correct A - Total task correct B2 (%)

ADpp3 = Total task correct A - Total task correct B3 (%)

ADg3; = Total task correct B3 - Total task correct B1{M7)

ADgs, = Total task correct B3 - Total task correct B2N8)

ADgj, = Total task correct B1 - Total task correct B2<N8)

Note thatA span scores between Experiments A and B were alotilated, as they
measured different entities; Experiment A span exowvere note span scores and
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Experiment B span scores were letter, syllableyard span scores. All scores in the

above calculations fakD scores were used as percentage values.

Although sample sizes were not sufficient, eachafnéeAD scores was entered as an
outcome variable in simple regression analysisgudiootstrap samples, with solfege
group as the predictor variable with two leveldféesge and non-solfege. All regression
results were found non-significahtyith the exception oADgsy: regression results for
ADggs; are presented in Table 5.27:

ADg3zpScores
B SE B B
Constant -3.97 3.49
Solfege knowledge 10.46 -0.11 -.58
R°= .28, p< .05
**p<.05s

a. Bootstrapped values. Significanceffas also based on bootstrap samples.

Table 5.27:Simple regression results fabDgs3, scores.

The value of Rindicates that solfége knowledge had a signifiedfect on the change
of Total task correct scores between Experimentai? B3. The value of beta shows
that participants belonging in the solfege groupenmore likely to perform better in
the music distraction task in B3 than in that in, B#, conversely, non-solfége
participants were more likely to perform worse e music distraction task in B3 than
in that of B2. Since the music distraction tasksreve&ery similar in the two
experiments, there were three plausible explanafionthis effect:

1. The difficulty solfege participants had met in tiiemorisation task in B2 (see
section 5.2.2.6) had had a negative effect on fheziiormance in the distraction
task as well.

2. Non-solfege participants had performed worse indis&graction task of B3 than
in that of B2 due to factors related to the perfange of the word or the syllable

memorisation task.

8 Simple regression results for each analysis stgigean be found in Appendix 5.
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3. A combination of the above.

A graphical representation of Total task correcrss across experiments helped on the

interpretation of regression results, as shownguie 5.21.:
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Figure 5.21: Percentage frequency of participants scoring b&10% correctly in the distraction task in

each experiment.

Figure 5.21 indicates that, in the solfége grobpreé was a consistent, relatively high
amount (20%) of participants yielding low scoreghe distraction tasks; on the other
hand, the non-solfege group appeared to have twetjasmall amount of low scoring

participants in B2, while their amount increasedBB Moreover, mean scores for the
distraction task in the two experiments were vdoge for high-scoring subjects in the
solfege and the non-solfege group (see Table FB83e findings, along with

significant regression results for Syllable spaorss in Experiment B2 suggested that
the differences between the two groups were atreshigher distraction task scores in
B2 by the non-solfége subjects, rather than thaxegllent performance in B3 solfége
participants. As mentioned previously, distractitasks were the same in all B

experiments; the reasons behind this change iroqmeaince by non-solfége subjects
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should therefore probably be traced in the natdirthe syllable memorisation task in

B2 and perhaps the different linguistic traits eaéerising the two languages.

Mean Total task correct scores of over-70% participnts

B2 B3
Solfege 87.44 89.41
Non-solfege 88.44 89.33

Table 5.28:Mean scores achieved in the distraction task Ioffggaants who had performed over the 70%
threshold.

Lastly, letter, syllable and word span scores ia #eparate experiments had only
revealed a significant difference between the gelfand the non-solféege groups in
Experiment B2, in which solfege participants appdato yield significantly lower
syllable span scores than non-solfege participakitaough different entities, letters,
syllables and words all constituted the sub-eleme@ftthe verbal component of the
experimental design; for this reason, it was careid plausible to compare letter,
syllable and word span in this context. The follogvih scores were calculated for all
combinations of span scores from experiments in@e:

Agz1 = Word span B3 - Letter span B1 (N = 17)

Agsz2 = Word span B3 - Syllable span B2 (N = 18)

Ag12 = Letter span B1 - Syllable B2 (N = 18)

Simple regression analysis was conducted using eaelof the abova scores as the
outcome variable and solfege group as the prediatith two levels: solfege and non-
solfege; bootstrap samples were used for the aralyl regression results were found
non-significant at p > .05due to the restrictive number of the samples, eweSpan
scores were also plotted in order to acquire a mspleerical view of the data. Figure
5.22 shows the change in the percentage of patitspn each experiment who scored

below 70% in the memorisation task:

° All regression results can be found in Appendix 5.
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Figure 5.22: Percentage frequency of participants scoring b&1o% correctly in the memorisation
task in each experiment.

Figure 5.22 does not reveal any new evidence regardemorisation performance in
the verbal tasks; the most prominent change inesca/as the one incurred in B2 by
solfege patrticipants, 75% of whom failed to rementhere than 70% of the nonsense
syllables in the memorisation task. It is importeminote that solfége and non-solfége
span scores in B1 and B2 were almost identicalgestghg that there was little
possibility that the significant change in B2 wasesault of a difference in language
skills; on the other hand, given the differencewsen the linguistic attributes of
phonemes and lexical morphemes, specified tessimgquired in order to interpret the
significant difference between the two groups. Hypothesis in B2 posited that the
difference between the groups would result from thterference of the pitch
comparison task using solfege syllables with thenorésation of nonsense syllables;
one way to provide further support for this hypailevould be to investigate whether
the significant result would be replicated in adition where the distraction task would
not involve pitches but digits or images: the reggiion of results would suggest that
low performance in the memorisation task stemmenhfa general difficulty of solfége
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subjects with memorising nonsense syllables, ratten from the interference caused

by the pitch comparison task.

5.4.3. Summary

Experiment 3 constituted a first step in the ingagion of the nature and function of
solfége note names in human memory and cognitithpugh further research is
required in order to extract more definitive resukgarding the musical and linguistic
characteristics of solfege syllables, certain casiohs emerged from the analysis,

which can serve as points of reference for futasearch projects:

1. Solfege and non-solfége participants did not appeamost cases, to produce
significantly different patterns of results in alhge terms, compared within
each experiment separately; the plotting of meamesg however, revealed that
there might be distinct underlying patterns forregoup across experiments. In
order to test this efficiently, a different sampliapproach would be required:
instead of recruiting participants so as to maxéntlse number of subjects per
experiment, a matrix of meaningful experiment camabibns should be
constructed in order to maximise the number of igpants tested in each
combination.

2. On the basis of the longitudinal examination preub# the previous point,
both verbal and musical distraction tasks shouldebésed so that they include
more target-specific stimuli, even if these are eagactly identical across
languages. An example from the verbal tasks woeldhanging the word task
from a consonant-counting task presented withinftamework of words, to a
semantic distinction task, in which subjects woblkl required to determine
whether or not, for example, two words belong ie same category (e.g. dog —
cat, dog — chair), or to pick the irrelevant wordnh a set of three (e.g. dog — cat
— straw).

3. Despite the piloting that had taken place in otdetefine stimulus durations for
the experiments, mean Note span scores in expeismrdeand C were very close
to maximum (minimum Note span = 84.31% in C3 by tloa-solfége group).
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This finding revealed the need for further pilotiagd possible extension of the
number of pitch stimuli, in order to avoid ceilieffects.

4. In order to corroborate and interpret the significdifference between the
solfege and non-solfége groups in B2 syllable spam®re extensive
investigation of solfége participants’ syllable spaould be required. A possible
way to test the validity of the recorded effect asdelationship with the use of
solfége names in the distraction task, it woulduleful to compare Syllable
span scores in experiments with different distoactiasks; if the effect did not
persist when the nature of the distraction chandked, effect could more
definitively be attributed to the interference olfége names with memory for
phonemes.
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Chapter 6 Conclusion

6.1. General remarks and conclusion

The present research constituted an ambitious §itsp towards a contemporary
approach of solfége as a pitch labeling systenthAdargest part of the extant literature
on solfége mainly addressed its pedagogical vatderaplications, this study aimed to
illuminate the conceptual and cognitive implicasoof using solfege syllables for
labeling pitches, adopting an empirical approachorder to achieve this, the use of
solfege syllables was compared to the use of lei@@nes throughout the study; the
selection of letter names was made purely on tisesha their widespread use across
countries and cultures and on the common charatitsrithey share with other music-
reading systems, such as the use of numbers, withilying any form of duality in
the range of music reading systems available. €search questions, which formed the
basis and determined the structure of the thegs: the following:
1. Does the early learning and use of solfege note esaraffect music
memorisation performance in adulthood?
2. Does the early learning and use of solfége noteesaaffect long-term retention
of memorised music in adulthood?
3. Does the use of solfege note names affect musicamsation performance
when solfege has been learnt during adulthood?
4. Does the use of solfege note names affect long-tetention of memorised
music when solfége has been learnt during adulthood
5. Is solfége different from other note-reading system terms of the interaction

taking place between note names and linguistic ehes?
The aims determined by the research questions andusions emerging from their

empirical examination within the framework of theegent study are going to be

addressed separately in the subsequent sections.
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6.1.1. Aim 1: To examine the effects of solfége usa a music

memorisation task performed by adult musicians.

Findings from Experiment 1 did not support hypo#sepredicting that solfége subjects
would yield different performance scores than nolfege subjects: solfege knowledge
and solfege use did not appear to affect performanores. On the other hand, analyses
showed that performance scores in the tonal andtthveal pieces were affected by the
instrument performed, with wind and string instruntnglayers appearing to be the most
competent memorisers compared to singers and fganisis study is the first to make
a direct comparison of memorisation performanceveeh musicians performing on
different instruments; the significant differenalisplayed between instrumental groups
offer a stimulating topic for further research hetfield. A partial explanation for the
differences in memorisation performance by diffenastruments in this study can be
possibly located on the time usually required torleand memorise a piece, as the strict
timeframe of the present study may have caused sopert memorisers from the
singer and the pianist groups to perform worse thémey had more time to learn the

piece.

Other factors affecting the memorised performaricthe tonal pieces appeared to be
the frequency with which subjects used to memanssic and the strategy adopted to
memorise the piece. High-frequency memorisers apdet have an advantage over
students who were not used to memorising music pierformance; furthermore,

subjects who used the ‘analytical’ strategy, inolgdstudying the piece mentally,

without performing the music on the instrument, duced better performances than
subjects using other strategies. The importancehefanalytical strategy has been
repeatedly supported in literature (Chaffin anddmrl997; Hallam, 1997; Williamon,

2002); it is interesting to note, however, thattipgrants’ responses regarding the
memorisation techniques used as well as the uselféige did not always correspond to
their actions as recorded in the practice and Irseakions. A similar finding has been
reported by Ginsborg (2002), in a study comparirggnorisation techniques of singers
with varying levels of expertise; the discrepantyhe present study was also followed
by a high percentage (80.65%) of participants mapgpthat they had never been taught
how to memorise music. This could indicate a gagveen theoretical knowledge and

314



Chapter 6 Conclusion

practical application: although most music studeisear aware, either due to intuition
or as a result of academic teaching, of the adgastaf analytical memorisation
strategies, they display difficulty in applying shiheoretical knowledge in their music
practice; this could be a call for instrumentaktears to put separate, specific emphasis

on memorisation as a key aspect of excellent npesiiormance.

Performance of the atonal pieces appeared affdayedthstrument type but not by
memorisation frequency; the memorising strategyt fed to better scores in the
performance of the atonal piece was the divisiothefpiece in smaller sections, also
known as chunking. The non-significance of the llefeamiliarity with atonal music
contradicted findings from studies investigating timportance of familiarity of the
stimulus in music memorisation, compared to othetdrs: the level of expertise on the
instrument has been found to be affecting perfooeanf tonal but not atonal music
(Knecht, 2003) and similar findings have emergennfistudies examining differences
between memorisation of culturally familiar or umiiar music (Demorest et al, 2008),
and tonal or modal music (Oura and Hatano, 200d¢sé& studies have shown that lack
of familiarity with the musical stimulus eliminatedifferences in memorisation
performance caused by differences in expertisethen present study, however, the
instrument performed appeared to be a more defnfactor than familiarity with the
stimulus or memorisation expertise, to the degrbes tcan be expressed by
memorisation frequency. The apparent overridingargnce of the type of instrument
performed in the memorisation performance of bottat and atonal music deserves to
be investigated further in a dedicated study; ideorto eliminate time limit as a
potential factor that might be affecting resultg,dlacing a disadvantage on competent
but slow memorisers, the differences between ingnt types in memorisation
performance would be better investigated via aresfagional study which would fully
record the adopted approach during a more extepdadd of time; this would allow
the extraction of safer conclusions regarding dssons behind these differences.
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6.1.2. Aim 2: To examine the effects of solfege use the long-

term retention of a pitch sequence by adult musicias.

The number of missing cases in tH& after 24-hours, performance of the task did not
allow rigorous analysis to be conducted on the;daimparison ofA scores, however,
revealed big differences in the numbers of solfegel non-solféege participants
performing better in the® compared to the 1 performance of the tonal piece:
between 15.2-21.5% more solfege participants tleemsolfege participants improved
in the 3% performancé. Although it could be argued that this differenarld be a
result of lower solfége scores in thi&derformance, rather than higher scores in fhe 3
analysis results showing that solfége and non-gelfgerformance scores were similar
renders this possibility highly unlikely. The matye of the frequency differencesAn
scores suggest that there could very possibly beraiine positive effect of solfege
knowledge and use in the long-term retention othpisequences; this could be
investigated further through a longitudinal studysolfége and non-solfege musicians,
so that any restrictions regarding the approaclptedobetween experimental sessions
would be neutralised between groups.

6.1.3. Aim 3: To examine the effects of solfége usa a music
memorisation task performed by adult musicians whohave

been taught solfége recently.

The data gathered in Experiment 2 violated sexassilimptions required for conducting
parametric tests, thereforescores were used in the analyses. This preclueiearate
analysis and comparison of each of the three pwedonce scores produced by each
participant before and after they had learnt selfégscores, however, revealed that
there was a significant effect of solfége on thangfe of score between th& dnd the
3" performance of the tonal piece, with subjects \Wad used solfége improving more
than controls. Although this pertained more to Amo. 4, regarding the long-term

retention of music, it still constituted a signdit effect of solfége use on

! The values of 15.21% and 20.5% represent the pege of subjects who performed better in te 3
performance using explicit and implicit solfége tbedge, respectively.
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memorisation, albeit in relative rather than absolerms. Some of the most important
findings in Experiment 2 were related to the preceklearning solféege in adulthood;
the reception of solfege classes was extremelytipesand students gave enthusiastic
feedback regarding the contribution of solfege @mihg their aural skills in general.
Moreover, most subjects who participated in thdég@ programme as part of the
experiment were able to use solfége as instructethé purposes of the experiment; as
fixed-do solfége is almost exclusively taught tovice musicians at a young age, the
present study was useful in showing that efficeaitege learning is both attainable and
beneficial during adulthood, even for students vare already proficient in music

reading.

6.1.4. Aim 4: To examine the effects of solfege use the long-
term retention of a pitch sequence by adult musicias who

have been taught solfege recently.

The hypotheses relative to this aim were uphelthenanalysis for Experiment 2; as
mentioned in the previous section, analysid @fcores revealed an increased likelihood
for solfége-using participants to improve their fpenance between the*'land &
performance of the tonal piece. As the study wascally based on observation, it
was not possible to determine the exact causeisfefffect; further testing would be
required in order to investigate whether the appal@ng-term advantage offered by
solfege in music memory has its roots in specifiaracteristics of solfege syllables,
which make them more durable over longer time-spansin the structure of the

process followed in learning and memorising a pigsiag solfege.
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6.1.5. Aim 5: To examine the differences between lgects
using solfege syllables and subjects using letterames,
regarding the extent and nature of interference beateen

verbal and musical tasks being performed simultanagsly.

Experiment 3 was useful in laying the groundwork tfte construction of a paradigm
which can be used to illuminate the function offagpé syllables as cognitive labels
within perception. Despite the inevitable restdos in the design of the experiments,
several useful findings emerged from analysis, @sapg from experiments
investigating the interference of music tasks ia themorisation of verbal elements.
Analysis revealed a significantly lower performanice solfége subjects when the
memorisation stimuli were nonsense syllables andoaderline non-significant
performance when memorisation stimuli were wordbilst no difference was found
when stimuli consisted of letters. Despite the efoentioned methodological
restrictions, these results can be explained bynibdel proposed in Chapter 1.2 for
solfege syllables: lower performance scores inntl@enorisation of nonsense syllables
could indicate the dissociation of solfége syllabfeom the syntactical category of
words, despite their clear-cut, exclusive corresigoice with specific elements of
reality — notes. On the other hand, the lack afificantly lower performance scores by
non-solfége subjects when the memorisation stinugie letters could indicate the
proposed absence of such strict correspondenceséetsignifier and signified in letter
names for notes: as letters have principally aebfit use than signifying pitches,
musicians who are taught music via letter nameshaoform automatic cognitive
representations of notes linked to their letter esnas a consequence, music does not
constitute interference in a letter-memorisati@kidurther testing is necessary in order
to corroborate these theories and define the emachanisms underlying the interaction
between solfege syllables, verbal elements anerletmes; using the present study as a
starting point, numerous experiments can be coeduct order to investigate these

effects further.

On the other hand, the significantly lower scoreghe music memorisation task by the
non-solfége subjects was ambiguous, as the distnatetsk included a letter-based task,

albeit presented within words. Once more, the desighe experiment and the need to
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produce comparable tasks for both the solfege lamahon-solfége groups restricted the
attempts to interpretation; the duplication of gigant results in conditions where the
subjects would be required to perform a purely wmaded or a purely letter-based task,

would help determine the cause of the effect.

6.2. Limitations

The present study set out to explore the role dfege in the context of music
memorisation practice, performed by highly-skilleusicians. More specifically,
Experiment 1 examined memorised performances bgents from ten different
countries, divided in five groups (Chapter 3.2.2.4khough all the stimuli used
belonged in the Western classical music traditiod were administered to students
playing instruments used in, but not limited tasttradition, the participants’ music
education background varied greatly according ®rthountry of origin. Moreover,
many of the participants were not primarily perfershof classical music, but instead
jazz, popular, or, in fewer cases, Eastern trasdfianusicians. Although time and
resources restrictions did not allow for a moreteymtic sampling of participants
across a variety of music cultures, the presenlysivas cross-cultural to the extent that
different pedagogical systems and different listignand performance preferences can
be known to form cultural variants. On the othendyathe cross-cultural factor in
Experiment 1 did not include musicians belonginglesively to a music culture other
than the Western; although there are parallels dmtwsolfége and other notation
systems, as, for example, the Indian sargam, aniriealpinvestigation of the
similarities between solfege and a system belongingn entirely different musical
tradition would require an entirely different desitp that of the present study in terms
of stimuli, participant selection and focus, whicbuld form the basis of a future

research project.

Apart from restrictions in participant selectionaimly imposed by practical factors,
another limitation of the study concerned the ranfrthe stimuli used in Experiments
1 and 2 (Appendix 2): in order to ensure participafiocus on the memorisation
process, the musical stimuli chosen for these é@xgerts were only average in terms of

their technical level. The decision to use the ehostimuli emanated from the need to
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limit the number of independent variables affectimgmorisation performance: in
addition to the screening of participants accordmgheir expertise on their instrument
or voice, the selection of relatively easy musieaterpts ensured that differences in
memorisation performance would not be a result ifferg@nces in the technical
command of the piece. This did not imply that theces were simplistic in terms of
structure and thematic content; on the contrasy firesented memorisation challenges
for most of the participants in the study (Chap®&g&1.1 and 3.2.1.2). Nevertheless, the
uniformity in the technical level of the pieces methat findings in Experiments 1 and
2 are necessarily confined to a given level of wmmiscomplexity and cannot be
generalised to memorising harmony or more complelyptonic structures. As the
present research was based on the study of safegeactised through overt or covert
singing and given the time restrictions in the gfudusical pieces containing more than
a single monophonic line could not be examinedgudie same methodological tools.
Automatically, this also restricted the range oihmogisation techniques studied: even in
the case of pianists, whose stimuli consisted wip& 2-part polyphony in order to
reflect the average technical challenge presentedcanonic piano pieces, the
methodology used in the study was not fit to maniteemorisation techniques other
than solféege; all other strategies referred tohm @analysis (Chapters 3.3 and 3.4) are
based on meta-musical and meta-linguistic inforamatierived from questionnaires and

recording transcriptions.

The patrticularities of piano music as opposed toaljostring and wind music had an
additional implication for data analysis, as pigiwere found to yield significantly
lower memorised performance scores than otheruim&ntalists (Chapter 3.3). This
was partly attributed to the fact that, on averam@nists had 92% more notes to learn
than other participants; as an inherent methodcébdirait of the study led to the
formulation of an entirely different hypothesis ithidlne one the experiment had set out
to explore (Chapter 3.4), the whole framework gbdthesis testing was revisited post-
analysis. As the present study was the first tolagpsolfége using a rigorous
quantitative approach, the original hypotheses wémated by intuition and anecdotal,
empirical evidence and were subsequently dispravechany occasions. Although the
formation of hypotheses had been necessary in éodé¢nem to function as ‘reference
points’, around which all testing revolved, mang@alary hypotheses and parameters

were revealed and tested during the experimentiltla® analytical process. As such,
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hypotheses in Experiments 1 and 2 can be viewedtiaspect, as starting points for a
rigorous study of solfege, rather than an end iembelves: instead of producing
absolute measurements of solfege contribution @ rtfemorisation process, in most
cases data analysis from the two experiments iflated certain more general aspects

of the incorporation of solfege in music memorigati

The complexities of incorporating specific memaima techniques into practice,
combined with the methodological approach adoptetie study, resulted in one of the
major ambiguities of the present research: althquagticipants were verbally instructed
to use certain techniques and also produced veepalrts of these techniques, it was
not possible to trace exactly what took place dutime 10-minute practice sessions.
The methodology of choice for monitoring cognitipeocesses in real time is brain
imaging: fMRI, MEG or EEG and PET are some of theshpopular methods used by
neuroscientists in order to detect changes in heatavity whilst performing given
tasks. The adoption of any of these methods atstaige of solfege research, however,
presented two basic problems:

1. The aforementioned methods are quite costly, ag riéguire the use of highly
sophisticated equipment and specialised staff. thag reason, it is highly
unusual to adopt such methods before the analygsbminary research data,
such as those presented in the previous chaptéishwwrovide the necessary
grounding for the formulation of specific hypotheséo be tested by
neuroimaging methods.

2. All neuroimaging scans have to be performed in datooy settings and
participating subjects need to be physically cotewdo scientific equipment,
ranging from the simple attachment of electrodesuojects’ heads in the case
of EEG to the enclosing of the whole body in an Mi&e. In Chapter 2.0, the
choice of a ‘naturalistic’ methodology for the peas study was argued over a
lab-based approach; philosophical and epistemabgionsiderations aside,
however, it would be impractical to design a bramaging study which would
monitor solfege use in different categories ofrunstentalists at this early stage
of research. Such methods are not suitable forctillete general, large-scale
phenomena, as the ones tackled in the present, dtuthare rather reserved to
locating the effects of cognitive activity duringexified periods of time. For

this reason, the lack of previous research in thkel fcombined with highly
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specialised neuroimaging data from subjects peifggnmusical tasks under
extremely unfamiliar circumstances would almosttaialy yield obscure and

inconclusive results.

Nevertheless, data from Experiment 2 could form lihsis of further neuroimaging
research in the future; the apparent change in meation performance taking place
after solfege instruction (Chapter 4.4.2) can khéar explored by monitoring neural
activity during the production of music using arat asing solfege syllables. Moreover,
the significant results in Experiment 3 (Chaptet.). would be best followed up by
examining the similarities and differences in thiaical image of the brain processing
linguistic, musical and solféege data; such a follgevstudy would also help clarify the

ambiguity created by contradictory data in Expentr&2 and C3 (Chapter 5.4).

6.3. Research implications and directions for furtier

study

The implications of the findings of the presentdstare mainly pedagogical, as solfége
is primarily a method of teaching and learning rau$he intention of this research was
not to re-ignite an obsolete debate around thetmefisolfége, its potential advantages
over other music learning systems or even draw eoisgns between the fixed- and
movable-do systems; rather, it aimed to offer aeraative perspective on a traditional
approach, away from the rigid, obsolete systemthefpast, aiming to show ways to
integrate solfége in a multi-dimensional, mixed{noets approach to music teaching,
from which musicians will benefit the most. Althduthe study focussed on the effects
of solfége on music memorisation, the process tége lessons, taking place within

the framework of the experiment, revealed the gatkeaf solféege to benefit musicians,

even the most advanced amongst them.

Moreover, the present research can constitute aioriant reference text for solfege
teachers; apart from confirming their dedicationthe specific method of educating
musicians, it is always useful to apply a methomhdp@ware of the potential variety of

its implications. Furthermore, the study showed thare were solfége subjects who
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were not comfortable with solfége and were reluctaruse it in the tasks: this attitude
indicates that, at least for some students, solfgge more a burden than it was a
necessity; such findings are very likely a call $oifége teachers to alter their approach
to teaching and exploit the vast variety of modeaching methods suggested by

modern pedagogy.

Certain useful conclusions from the experimentdguerto the work of instrumental
teachers as well: although there is already a ldrgdy of literature on music
memorisation, findings from the present study ulled the urgent need to link theory
to practice. As many students appeared to be agfdiee ‘correct’ answers regarding
memorisation strategies, but subsequently failedpioly them in their learning of the
pieces, it seems that instrumental and vocal teacteed to invest some time in putting
memorisation theory into action and perhaps everisiolg new ways to fruitfully

incorporate effective memorisation into everydaysimgractice.

Finally, despite their numerous methodological rresbns, the automated working
memory experiments provided useful insights inte thinction of pitch labels within
working memory, as well as a useful framework farttier research in the field.
Possible directions for future research could idelturther investigation of the nature
of solfége syllables, letter names and pitch labelgeneral; comparison between pitch
labels within visual and auditory working memory fousic; and the examination of

the level of integration between musical and vedbamnents in the case of pitch labels.
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Exercises with changes between Treble, Bass and Alto Clefs
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Solfege lessons questionnaire

1. Name:

2. Instrument (if more than one, please write them irorder of years of

experience, starting with the one that you are morexperienced on):

3.How would you rate the level of difficulty of thesolfege lessons overall?

a.Very difficult

b.Difficult

c.Neither difficult nor easy
d.Easy

e.Very Easy

4. Do you feel that you know solfege well enough to @t when reading/
practising an unfamiliar piece of music?
Yes No

5. If yes, would you use solfege when reading/practiay an unfamiliar piece of

music?
Yes No

6. Did solféege improve or help any aspect of your peomal music practice/
performance?
Yes No

7. If yes, what aspect was that and in what way did #ege hel?
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8. How would you feel about solfege instruction beinghcorporated in a
University curriculum?
a.Approve strongly
b.Approve
c.Neither approve nor disapprove
d.Disapprove
e.Disapprove strongly

9. How would you feel about solfége instruction beingcorporated in a school
curriculum?
a.Approve strongly
b.Approve
c.Neither approve nor disapprove
d.Disapprove
e.Disapprove strongly

10.Do you have any further comments regarding solfegand/ or solfége lessons?

Thank you for your time
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Solfege lessons feedback form

Please circle the appropriate answer or writeit in the space provided

1. How would you rate your solfege skills at this leu@

a. Extremely good

b. Good

c. Neither good nor poor
d. Poor

e. Extremely poor

2. Did you feel you had enough time to learn solfegdfieiently? Yes No

3. If no, could you give an estimation about how mucmore time you think
you would require in order to learn solfege more sasfactorily?

a.2-4 weeks

b.1 semester

c.1l year

d.more than 1 year

4. Did you feel that you have learnt the material coved in the lessons
sufficiently?
Yes No

5. If no, why do you think this happened?
a.Due to the teacher
b.Due to lack of individual practice
c.Due to other students’ response to the lessons

d.Other (please specify)

6. Did you feel that the teaching method employed irhe lessons was
appropriate?
Yes No
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7. If no, what do you think could be improved/ alterec®

a. the music /excerpts used

b. time management in the lessons
c. fewer people in the classroom

d. teacher’s attitude

e. Other (please specify)

8. How would you rate the level of difficulty of the Essons overall?

a. Very difficult

b.Difficult

c.Neither difficult nor easy
d.Easy

e.Very easy

f. Did you feel that solfége skills have contributedniimproving your level of
dealing with music overall?
Yes No

g. Do you have any further suggestions/comments regardj solfege lessons?

Thank you for your time
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Tonal stimuli — Pilot
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Atonal stimuli — Pilot
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Tonal stimuli — Main study
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Atonal stimuli — Main study
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Tonal pieces questionnaire —
Non-solfege participants

QUESTIONNAIRE

Please complete the following questionnaire by circling the appropriate answer or by
writing it in the space provided. All responses will be treated anonymously and

1.

2.

3.

confidentially.
Age:
Sex: Male Female
Degree Programme:
Year of study:

Instrument:

Instrument level: Grade____

How many years of instrumental lessons have you had date?
How many years in total have you been playing theastrument?

If you play another instrument/instruments in addition to the one you have
been tested on, please fill the table below as ampriate:

Other instrument(s) Years of playing | Years of lessong

10. How many years of music education have you had total?

11. In which country did your main music education take place?

12. Do you have absolute pitch?

a. Yes
b. No
c. ldon’t know
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13. How often do you memorise music for performance?
a. Always/ almost always

b. Often

c. Occasionally

d.

Never/ almost never

14. How important do you consider memorisation skillgo be for a musician?

a.
b.

Cc
d.
e

Extremely important

Important

Neither important nor unimportant
Unimportant

Extremely unimportant

15. How would you rate your memorisation skills:

oo

c
d.
e

Extremely good

Good

Neither good nor poor
Poor

Extremely poor

16. Have you ever been taught how to memorise music? Yes

17. If yes, who was it that taught you?

C.
d.
e
f

a. School teacher
b.

Private teacher
Conservatory teacher
University teacher
Friend/ colleague
Other (please specify)

No

18. Do you employ any particular strategies for memosing music (e.g.
repeating from beginning to end, dividing in sectias etc)?
a. Yes

b.
C.

No
| don't know

19.1f yes, please select from the list below the stragyy/strategies which you
employ most often:

a.

b.

C.

d.

Repeating many times from the beginning to end

Dividing in sections (chunking) and learning theeparately
Studying the music without the instrument, deterngrits structural

elements

Studying the music without the instrument, goingtigh the piece

mentally
Other (please specify)
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20.Please rate the difficulty of the items presentedddow by ticking the box
which best reflects your opinion:

Very Difficult | Neither Easy| Very
difficult difficult nor easy
easy

Memorising music in general i$

The piece | have just been asked
to memorise was, from a
technical point of view

The piece | have just been asked
to memorise was, from a
memorization point of view

21. Did you feel you had enough time to memorise thegre?

a. | had plenty of time

b. 1 had just about enough time
c. | needed a bit more time

d. I needed a lot more time

22. Do you think you would memorise the piece in a dérent way if you
weren’t told that you will be asked to perform it again later?

Yes No

23. If yes, what would you do differently?

24. Did the fact that you were being recorded affectqur overall performance?

Yes No

25. If yes, please circle the answer that best appliés you:

a.
. It made me self-conscious but did not criticallfeat my performance

b
C.
d.
e. Other (please specify)

It affected me very little

It made me self-conscious and was a source ofdigin from the task
It impaired my performance severely

Thank you very much
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Tonal pieces questionnaire —
Solfege participants

QUESTIONNAIRE

Please complete the following questionnaire by circling the appropriate answer or by
writing it in the space provided. All responses will be treated anonymously and
confidentially.

1. Age:

2. Sex: Male Female

3. Degree Programme;

4. Year of study:

5. Instrument:

6. Instrumentlevel: Grade
7. How many years of instrumental lessons have you hdd date?
8. How many years in total have you been playing theastrument?

9. If you play another instrument/instruments in addition to the one you have
been tested on, please fill the table below as ampriate:

Other instrument(s) Years of playing | Years of lessong

10. How many years of music education have you had total?
11.1In which country did your main music education takeplace?
12.Do you have absolute pitch?

a. Yes

b. No
c. I don't know
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13.When were you taught solfége for the first time?Age
14.Had you had any music lessons before you starteding solfege?Yes No
15. If yes, for how many years?

16. Do you automatically think of note names (e.g. doge, mi, fa etc) when
reading music?
a. Yes
b. No
c. Sometimes

17. Do you automatically think of note names (e.g. dog, mi, fa etc) when
playing/singing music?
a. Yes
b. No
c. Sometimes

18.Do you normally use solfége in your everyday musjaractice?
a. Always/ almost always
b. Often
c. Occasionally
d. Never/ almost never

19.Do you normally use solfege when memorising music?
a. Always/ almost always
b. Often
c. Occasionally
d. Never/ almost never

20. If your answer to the previous question was b, @r d, which are the
circumstances that make you use solfége when mensirig music? (circle as
many as apply to you)

f. 1 use solfege when I find music more difficult thaverage

g. | use solfege when | find music easier than average

h. 1 use solfége when there is time pressure

I. 1 use solfege when there is no time pressure

j. Other (please specify)

21.How often do you memorise music for performance?
a. Always/ almost always
b. Often
c. Occasionally
d. Never/ almost never
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22.How important do you consider memorisation skills ¢ be for a musician?
a. Extremely important
b. Important
c. Neither important nor unimportant
d. Unimportant
e. Extremely unimportant

23.How would you rate your memorisation skills:
k. Extremely good

l. Good

m. Neither good nor poor

n. Poor

0. Extremely poor

24.Have you ever been taught how to memorise music? Yes No

25. If yes, who was it that taught you?
a. School teacher
b. Private teacher
c. Conservatory teacher
d. University teacher
e. Friend/ colleague
f. Other (please specify)

26. Do you employ any particular strategies for memosing music (e.g.
repeating from beginning to end, dividing in sectias etc)?
a. Yes
b. No
c. I don't know

27. If yes, please select from the list below the stiegy/strategies which you
employ most often:
p. Repeating many times from the beginning to end
g. Dividing in sections (chunking) and learningrtheeparately
r. Studying the music without the instrument, detaing its structural elements
s. Studying the music without the instrument, goingptigh the piece mentally
t. Other (please specify)
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28.Please rate the difficulty of the items presentedddow by ticking the box
which best reflects your opinion:

Very Difficult | Neither Easy| Very
difficult difficult nor easy
easy

Memorising music in general i$

The piece | have just been asked
to memorise was, from a
technical point of view

The piece | have just been asked
to memorise was, from a
memorisation point of view

29.How did the fact that you were specifically askeda use solfége affect your
memorisation?
u. It had no effect on my memorization
v. It had a negative effect on my memorisation
w. It had a positive effect on my memorisation
X. Other (please specify)

30. If your answer to the previous question was b) oc), please explain your
response further:

31.Did you feel you had enough time to memorise the gie?
a. | had plenty of time
b. I had just about enough time
c. | needed a bit more time
d. I needed a lot more time

32. Do you think you would memorise the piece in a dérent way if you
weren’t told that you will be asked to perform it again later? Yes No

33. If yes, what would you do differently?

34.Did the fact that you were being recorded affect yar overall performance?
Yes No

35.1f yes, please circle the answer that best appli¢és you:
y. It affected me very little
z. It made me self-conscious but did not criticallfeat my performance
aa.lt made me self-conscious and was a source obdigin from the task
bb. It impaired my performance severely
cc. Other (please specify)

Thank you very much
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Additional questions for the atonal pieces —
All participants

1. How familiar are you with atonal music?
a. Very familiar
b. Familiar
c. Neither familiar nor unfamiliar
d. Unfamiliar
e. Extremely unfamiliar

2. How often do you practise/perform atonal music?
a. Extremely often/ often
b. Sometimes
c. Occasionally
d. Never/ almost never

3. Have you had any systematic experience of practigifperforming/learning
atonal music?
Yes No

4. If yes, what was the nature of this experience?
a. Seminar(s)
b. Masterclass(es)
c. Studying an atonal piece with an instrumentaié@dutor
d. Playing an atonal piece in an orchestra/ensemble
e. Other (please specify)

5. When you are asked to memorise an atonal piece ofusic, do you do it in
the same way as you memorise tonal music?
Yes No

6. If no, what do you do differently?
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Experiment 3 questionnaire —
All participants

QUESTIONNAIRE

Please complete the following questionnaire by circling the appropriate answer or by
writing it in the space provided. All responses will be treated anonymously and

confidentially.
1. Participant number:
2. Age:
3. Sex: Male Female
4. Dominant hand:  Right Left Ambidextrous | don’t know
5. Do you have absolute pitch? Yes No | don’t know
6. Degree Programme & Year / Position:

~

First study instrument:

8. How many years of instrumental lessons have you hdd date?
9. How many years in total have you been playing theastrument?

10.1f you play another instrument/instruments in addition to your first study

instrument, please fill the table below as appropate:

Other instrument(s) Years of Years of

playing lessons

Thank you for your time
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Sample practice transcriptions

Participant no. 31 (soprano, non-solfege), Tonatgi

PV 1:30. B.1 (piano), plays 2t, sings (aaa). Sam®2, then together. Then b.3 vo + pn,
only vo and corrects with pn, b.4 vo + pn, b.5 gren vo, 6-8 pn. Then vo only

(corrects with pn) 1-4, concentrates on passagegats, corrects with pn, for 2°. Then
the same system of studying for b.5-8. (4:30). ®layce all on pno. Sings start-end
from score, then by heart (perhaps periodicallk&pconcentrates on links (e.g. b.4-5).
Same system until the end, sings top-end startitigakord in the beginning.

Participant no. 91 (violin, solfége), Atonal piece:

Once rhythmic solfége top-end, then PV quite go@d Replays carefully top-end —
first tries to play singing solfége but abandonsrafirst few notes), plays 1-8, rhythm
solfege 1-4 several times and then plays 1-4 sktreras (probably starts memorising —
can be heard walking away while playing), triesitag simultaneously. Then plays b.5
carefully several times, 5-6 several t., 7-8, le8esal times carefully, (5’), sometimes
starting from different bars, possibly by heart andhetimes tries to start with solfege.

Participant no. 44 (flute, solfege), Atonal piece:

PV 40" — restart at b.5. Plays 1-2, tries by heeahnot, does solfége. 1-4 several times.
Then does solfége 5-6, very well (checks pitch Wliike), plays 5-6, then 1-6 + 7, link
6-8, starts from 5, gets confused and remembenstht solfege (cannot tell whether
solfége is from memory though, it helps her in somag). Plays again 5-8. (5’). Plays
top-end, begins solfege in b.1, plays again top@amtlagain solfege b.1. Does solfege
top-end.
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Transcription key

PV Prima vista (sight-reading)

1 1 minute

1" 1 second

b.1 bar 1

b.1-2 bars 1-2

1 bar 1

1-2 bars 1-2

t. times

VO voice

pn piano

(5). The fifth minute of the practice session.
, (5), meanwhile, the B minute of the practice session passes
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Scoring method

Pitch accuracy (per notes played)

Type of error

Penalty

Wrong note

- 1/12 for each semitone difference

Octave difference (single notes)

-2

Octave difference (2 or more notes)

see Transpositi

Transposition First note

- 1/12 for each semitone difference

(motifs/phrases) | Remaining notes

-P/2

Repeated erroneous motif

- 1/12 for each semitdferehce for
the £'time only

Notes of a motif in | Tonal piece

-P/2

wrong order Atonal piece

- 1/12 for each semitone difference

Inverted repeated motif

- 1/12 for each semitafferénce for
the first time in each bar only

Doubled wrong note

- 1/12 for each semitone diffiee only

for the ' note

Missing doubled notes

Impose penalty only in
Fluency/Structural accuracy, but not in

Pitch accuracy

Extra notes (within metre)

- 1/12 for each semitdifference from
the original note

Playing phrase from another part of the

piece in order to fill a gap in rhythm

Count as missing notes only, but not as

extra

Pianists: Switching melody from left to
right hand or the opposite

Ignore octave difference, impose

Transposition penalty

Correct note = + 1 pt
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Rhythm accuracy (per notes played)

Type of error

Penalty

Wrong value in 4/4 metre

- 0.25 for each semiqualiféerence

Wrong value in 6/8 metre

- 1/6 for each semiqual#erence up to
a crotchet, -1 for each dotted crotchet
difference.

Correct values within motif —

wrong positions

-P/2

Playing phrase from another part of the

piece in order to fill a gap in rhythm

Count as missing notes only, but not ag

extra

Extra notes

Impose penalty only in Fluency/
Structural accuracy, but not in Rhythm

accuracy

Correct note = + 1 pt
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Structural accuracy (per total bars)

Type of error Penalty
Correct bar(s), wrong position - 1 for the first athe sequence
‘Filling’ metre with | Tonal piece -0.75
wrong notes Atonal piece -1
Less beats in a bar in 4/4 metre - 0.25 for easticgeaver difference
Less beats in a bar in 4/4 metre - 0.25 for semvigudifferences

- 0.5 for quaver differences
- 0.75 for crotchet differences

- 1 for dotted crotchet differences

Wrong harmony — Tonal piece -0.1
Extra bars - 0.25 each
Extra trial beats - P/2

Correct bar, correct position = + 2 pts
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Fluency (per beats played)

Type of error Penalty
Appoggiatura -0.25
Out of tune, less than 5 notes total - 0.25 each
Out of tune, 5 or more notes in total - 1 per péras
Instant correction of one wrong note -0.25
Correction of one note with pause -0.5
Correction 2 notes -0.5
Correction 3 notes or more -0.75
Delay less than 0.5 beat -0.25
Delay less than 1 beat -0.5
Delay between 1-2.5 beats -1

Delay between or equal with 2.5-5 beats -2

Delay more than 5 beats -Udks— 1)/2
Ritenuto / Acccelerando - 0.25 %
Extra notes -0.75

Repeat note / motif

- 0.75 per note/motif

Restart

-0.75

Tempo change

- 2 per change

General looseness of rhythm

-1

Talk / Laugh

-2

Pianists: use of pedal

- 0.5 for the whole piece

Correct beat = + 1 pt
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Regression analysis results foA note span scores

B SE B B ]
R =.
Aact Constant - .33 43 nsoo
N =19
( : Solfége knowledge A3 75 .04*
B SE B B ]
R =.1
Aacz Constant - .60 68 ns 3
N =22
( : Solfége knowledge 1.43 87 .35*
B SE B B ]
R°=.00
Aacs Constant - .11 .89 ns
N =22
( : Solfege knowledge -.12 .93 -.03*
B SE B B ,
Aca1  [Constant 75.44 7.06 R ;S'lo
N =16
( ) Solfege knowledge 10.89 7.18 32*
B SE B B }
Acsz [ Constant 80.67 2.48 R 55'16
N =19
( ) Solfege knowledge 5.78 2.82 41*
B SE B B }
Aciz [ Constant .60 38 R ;S'lz
N = 14
( ) Solfege knowledge -1.16 12 - .35*
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Quantitative data

Regression analysis results foA distraction task

SCores
B SE B B ]
AD R =.01
21 MConstant 1.94 6.17 nSO
(N = 25)
Solfege knowledge - 3.67 7.20 -.11*
B SE B B ]
AD R =.
%2 Constant -6.18 3.67 n303
(N = 25)
Solfége knowledge 551 6.32 16*
B SE B B ]
AD R°=.1
2% MConstant - 157 3.32 . 0
(N = 25)
Solfége knowledge 8.51 5.52 31*
B SE B B ]
AD R =.
®3 Constant A1 4.72 nsoo
(N=17)
Solfége knowledge .05 6.63 - .00*
B SE B B ]
AD332 R°=.28
Constant - 3.97 3.49
(N =18) p<.05
Solfége knowledge 10.46 -011 - 53**
B SE B B ]
AD R°=.00
®2 [Constant 56 5.36 .
(N = 18)
Solfége knowledge 2.16 6.82 07
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Quantitative data

Regression analysis results foA verbal span

sScores
B SE B B ,
R°=.
Ags1 Constant -143 7.83 nSOO
N =17
( : Solfége knowledge -4.64 13.61 - .09*
B SE B B ,
R°=.2
Ags2 Constant -8.63 3.86 ns 0
N =18
( ) Solfége knowledge 20.44 10.55 45%
B SE B B ,
R°=.07
As12 Constant 0.86 11.57 nSO
N =18
( ) Solfége knowledge 14.64 13.30 27
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