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ABSTRACT

ENCODING STRATEGIES FOR PITCH INFORMATION

Mariko Mikumo

Department of Psychology, Faculty of Letters,

Konan Women's University, 1994

The purpose of this study was to investigate the encoding strategies for pitch informa-
tion of short melodies. "Encoding" refers to the establishment of codes which are more
likely to be stored in relatively permanent long-term storage. The encoding processes are

often assigned in the short—term memory.

A variety of mental representation models have been proposed for pitch structures (see
Hubbard & Stoeckig, 1992). Psychoacoustical models hypothesized that pitch could be
represented by a single dimension (e.g., Stevens, Volkmann, & Newman, 1937). Rule-
based models exploit some of the outward similarities between music and language (e.g.,
Deutsch, 1980 ; Deutsch & Feroe, 1981 ; Lerdahl & Jackendoff, 1983). In schematic
models, pitch is represented by some sort of music schema which consists of at least three,

or more dimensions (e.g., Krumhansl & Kessler, 1982 ; Lerdahl, 1988 ; Longuet-Higgins,
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1978 ; Shepard, 1982a,b). In connectionist model, harmonic relationship (musical chords)
are represented by nodes in a network (Bharucha, 1987 ; Bharucha & Stoeckig, 1986,
1987).

There are a lot of models of the mental representation for pitch structures, indicating that
any given music stimulus is likely to have multiple representations of pitch, and that, there—
fore, people would empldy multiple coding strategy in auditory modality for pitch se~
quences (West, Howell, & Cross, 1991). Various representations of pitch in these models
are sophisticated theoretical and conceptual representation for pitch structure, but are not
likely to be auditory imagery perceived from pitch information. Furthermore, it is possible
that auditory pitch information is encoded not only in auditory modality, but also in visual
or kinesthetic modality ; namely that multimodal representations based on intermodal
coordination are employed to encode auditory pitch information. Therefore, in the present
study, the encoding strategies for pitch information in short melodies were investigated, in
terms of not rule~ or schema~based representations but imagery—-based multimodal repre—

sentations.

Posner (1973) proposed concerning codes in memory that (a) there are at least three
types of codes, visual, verbal, and motor (Bower, 1972b) ; (b) each code endures, and is
not a transient residual of stimulation ; (c) people differ in their propensity to use each type
of code ; (d) these codes are parts of separate memory systems that can be examined in

isolation in the laboratory. In this study all four points were experimentally demonstrated.

"When you memorize and retain a melody, what types of strategies do you use to encode
pitch information ?" The preliminary questionnaire data indicated that the subjects used
one or more of the following several strategies : (a) a verbal encoding strategy, in which

each pitch in a melody was labeled with the name of a musical note, and this code was
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rehearsed and stored in memory ; (b) a sensory (auditory) encoding strategy, in which
pitches in a melody were retained in memory as auditory information ; that is, by singing,
whistling, humming, mental rehearsal of pitches, and so on ; (c) a visualizing strategy, in
which pitches were visualized in their image, as a melodic contour, on a keyboard, or on a
staff notation ; or (d) a motor encoding strategy, in which an auditory melody was encod-
ed by the movement of the fingers as if playing the piano. Some subjects reported that
they used two or three strategies simultaneously. The questionnaire data presented several

important implications, which were investigated in Experiments 1 to 9 in this study.
The findings of these experiment are described below.

When the subjects were asked to memorize and retain the pitch information in short
melodies, the performance of the highly musically trained subjects was consistently better
than that of the untrained subjects, because the former subjects could listen analytically to
the musical series, with considerable attention to the internal relationships among their
components (i.e., pitch interval), and because they employed their own strategy effectively
or were motivated to try to employ several strategies at the same time to encode pitch
information. Under ordinary conditions, their dominant and effective strategy of encoding
the pitches of tonal melodies was verbal rehearsal of note names. When this verbal encod-
ing strategy was employed, pitch or pitch intervals could be retained accurately for a long

time (Experiment 1).

The neuropsycological evidence that the highly musically trained subjects use verbal
encoding strategy for tonal melodies was found in Experiment 3-3, in which the tonal
melodies, which are actually non-verbal stimuli in themselves but are "note name—-evok-

ing" stimuli, would be processed as verbal stimuli in the left hemisphere. The preferential
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left hemisphere lateralization found in the highly musically trained subjects would be due
to the cognitive "linguistic" structure of tonal melodies, which implies the likelihood that
pitches are encoded as verbal labels (note names) and that the processing of musical tasks
involves sequential programs most analogous to those of language and speech. On the
other hand, the atonal melodies would be processed as non-verbal stimuli in the right
hemisphere. In Experiment 3-4, the stimuli were the melodies sung with note names at
accurate pitches, so that the subjects were given the verbal codes at the same time and it
was not necessary for them to encode pitches as verbal code (note names) by themselves. In
this experiment, the highly musically trained subjects could retain the pitches not only in
tonal melodies but also in atonal melodies as verbal codes ; when there was a possibility
that the pitches were encoded as note names, these melodies were processed in the left
hemisphere. However, the less well musically trained subjects could not encode pitches as
note names, even when the pitches in a melody and their verbal codes were given at the
same time, and they therefore processed tonal and atonal melodies as non—verbal stimuli in

the right hemisphere.

The ability to encode pitch information as verbal labels would be closely related to the
ability to detect a 50-cent deviated tone out of a melody, because the 50—cent deviated
tone from an equal-temperament scale is the most difficult pitch to categorize into a note
name on a chromatic scale. Although the ability depends considerably on experience or
training in music, it was found that even those who were less well trained in music had
acquired the ability to some extent as their age increased. Moreover, the later the deviated
tone appeared in the melody, the greater the accuracy with which it was detected. In the
detection of a deviated tone out of a melody, the subject gradually constructs an internal
cognitive framework (scale schema) upon hearing the tones from the beginning of the

melody. This cognitive framework plays an essential role in the perceptual interpretation of
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each succeeding tone, and the subjects can detect a deviated pitch out of a melody by refer—
ring to the framework. In this experiment, the subjects would constructed the diatonic scale
schema upon hearing the tonal melodies, so that the detection of a deviated tone out of the

tonal melodies was more accurate than out of the atonal melodies (Experiment 2).

Since it was difficult for the less well musically trained subjects to encode pitches as
note names, they attempted to encode pitches as acoustic pitch codes through humming or
mental rehearsal of pitches, and this was also true for the highly trained subjects with atonal
melodies. In this case, they tended to listen globally to the pitch sequences on the basis of
the total configuration ; the melodic contour was the dominant and effective cue for encod-
ing pitch sequence (Experiment 1). Melodic contour is the other property as important as
pitch or pitch interval in terms of melody recognition, and there is an assumption that

various visual and auditory contours are perceived in broadly similar ways.

In Experiment 4, the auro-visual intermodal relationships based on visual representa—
tions were investigated. It was found that the less well musically trained subjects employed
a visualizing strategy in which an auditory contour (auditory imagery) was visualized as a
visual contour (visual imagery), and that visualization of auditory imagery as melodic
contours would be to some extent an effective strategy for them to retain pitch sequences.
Their internal visual representations of melodic contour roughly reflect the auditory pitch
intervals. In stead of melodic contour, the highly musically trained subjects visualized pitch
information as staff notations, in which notes appeared at accurate positions on a staff,
especially for tonal melodies. That is, the visual distance between notes in their internal
representations precisely reflect the auditory pitch intervals. Visualization of auditory
imagery as staff notations would be an effective strategy to encode the pitches of melodies.

The evidence that the highly musically trained subjects precisely tracked their internal
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visual representations of notes on a staff, especially for tonal melodies, and that the less
well trained subjects roughly tracked their internal visual representations of melodic con-
tour, while employing visualizing strategy was obtained in the study of eye movements

(Experiment 5).

In Experiment 6, it was found that subjects employ two or three codes at the same time
rather than just one to memorize or retain pitches. For example, pitch rehearsal of auditory
information along with note names (dual coding) and, to a greater extent, at the same time
visualizing the staff notation (triple coding) were the most effective strategies for the
highly musically trained subjects with tonal melodies. Pitch rehearsal along with visualiz-
ing the melodic contour (dual coding) was effective strategy for the highly musically
trained subjects with atonal melodies and for the less well trained subjects with both tonal

and atonal melodies.

In Experiment 7, the intermodal auro—motor coordination based on spatio—motor repre—
sentations was investigated. It was found that piano majors effectively employed an exter—
nal motor encoding strategy, in which auditory information was encoded as finger move-
ments analogous to playing the piano. The motor encoding strategy was stable or robust
against interference and time decay ; that is, the effects of finger movements became
stronger as mélody length and retention interval increased, and this was especially true
when interference stimuli were interpolated during the retention interval, because the more
challenging the situation became, the greater the efforts of the subjects to reduce the latency
and to make elaborative and rapid finger movements. Some subjects could employ this
external spatio-motor representation (motor encoding strategy) effectively on their own,

while others could not employ it independently of verbal rehearsal of note names.
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In Experiment 8, it was found that, when pitches of melodies were encoded, the visuo—-
spatial representation (i.e., visual image of spatial configurations) for pitch information
were more accurate in the compatible spatial directions related to the motor system used in
playing the instrument (internal spatio-motor representations). Piano majors would have
spatial images in which the right and upper directions are compatible with higher pitch.
For violin majors, the forward direction is compatible with higher pitch. For violoncello
majors, the lower and backward directions are compatible with higher pitch. For vocal
music majors, the right, lower and backward directions are compatible with higher pitch.
For less well musically trained subjects, the upper direction is compatible with higher
pitch.

The evidence that while encoding pitches subjects who are highly trained in playing the
instrument precisely tracked their internal visuo—~spatial representations in the compatible
spatial directions related to the motor system used in playing the instrument was obtained in

the study of eye movements (Experiment 9).

An attempt is made to interpret these results in relation to Paivio's dual-coding theory,

the levels—of—processing theory, and Baddeley's working memory model.

As described in Chapter 1 and Experiment 6, Paivio (1969, 1971, 1978, 1986) proposed
the dual-coding theory, the essence of which is that there are two basic independent but
interconnected systems for the representation and processing of information. The verbal
system deals with linguistic information and stores it in an appropriate verbal form, while
the nonverbal system carries out image-based processing and representation. Within the

two systems there are associative structures. Both systems have basic representational units
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that are linked to one another by referential connections : Logogens for the verbal system
and Imagens for the nonverbal system. Both the Logogens and Imagens are further divided
into sub-systems (i.e., visual, auditory, kinesthetic, gustatory, and olfactory) which process

either verbal or nonverbal information in the different modalities (modality—specific).

Considering the findings in Experiments 1, 4, and 6, for example, the dual-coding by
pitch rehearsal along with note names is consistent with Paivio's theory, because pitch
rehearsal would be an auditory Imagen and note names would be a auditory Logogen. If the
triple~coding by visualizing staff notation along with pitch rehearsal with note namés is
consistent with the Paivio's theory, staff notation must be a visual Imagen, pitch rehearsal
must be an auditory Imagen, and note names must be a auditory Logogen. Furthermore, the
dual-coding by visualizing melodic contour along with pitch rehearsal would be considered
the operation of a single system in Paivio's theory, because the melodic contour would be a
visual Imagen and pitch rehearsal would be an auditory Imagen, and both codes would be

together in a nonverbal system.

The results regarding explicit motor representations found in Experiment 7 provide
some evidence supporting important views proposed in the levels—of-processing theory.
The greater the degree of challenge in terms of melody length, ISI duration and interfering
stimuli, the greater the efforts of the subjects to reduce the latency and to make elaborative
and rapid finger movements. This finding supports the view that cognitive (conscious)
effort is used for encoding (e.g., Battig, 1979 ; Jacoby & Craik, 1979 ; Lockhart, Craik, &
Jacoby, 1976). It was also found that the finger movements gradually became more appro-
priate, accurate and rapid during the retention interval. This finding supports the view of a

continuum of rehearsal operations running from the minimal processing necessary to repeat
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a word continuously to various types of elaborative processing involving either further
enrichment of one item or associative linkage of several items (Craik, 1979), and the view
that the encoding process gradually spreads and becomes richer and more elaborative
(e.g., Anderson & Reder, 1979 ; Craik & Tulving, 1975 ; Lockhart, Craik, & Jacoby, 1976).
Thus, the more the subjects rehearsed elaborative tapping, the greater the recognition per-
formance became (e.g., Rundus, 1971, 1977, 1980 ; Rundus & Atkinson, 1970 ; Rundus,
Loftus, & Atkinson, 1970).

Comparison of the motor rehearsal rate with the verbal and visual rehearsal rates re—
vealed that the former is somewhat faster than the verbal rate, followed by the visual rate
(e.g., Landauer, 1962 ; Norman, 1976 ; Rayner, 1978 ; Sternberg, Monsell, Knoll, &
Wright, 1980 ; Thomas, Hill, Carroll, & Garcia, 1970 ; Vaughn 1983 ; Warren, 1969).
When subjects are motivated to attempt to encode pitch information, the greater the
number of times and faster the code is rehearsed, the deeper and more elaborately the code
is processed. Motor encoding with finger movements might be relatively deep level of
processing requiring much encoding effort at the first stage (it becomes gradually automati-
cally), followed by verbal encoding with note names and, finally, visual encoding with
melodic contour, which is a relatively shallow level of processing requiring less encoding

effort (see Experiment 1).

Baddeley (1986, 1990) proposed the working memory model. The working memory
system consists of three components, the most important of which is the central executive.
The articulatory loop and the visuo—spatial sketch pad are subordinate systems.

The articulatory loop, in which verbal rehearsal occurs, consists of a passive phonologi-

cal store and an articulatory control process. Originally a passive phonological store is
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directly concerned with speech perception. The neuropsychological evidence indicates
that it is an auditory short-term store in which the processing is at a phonological level,
and meaningful sounds, continuous speech and visually presented materials are not proc-
essed. An articulatory suppression task has little effect on the storage of phonological mate-
rial. An articulatory control process is linked to speech production. An articulatory sup-—
pression task effectively prevents the use of "inner voice" or subvocal rehearsal.

Based on these properties of the phonological store and the articulatory control process,
the short-term store of pitch information with acoustic level (auditory imagery), in which
'raw' pitch is mentally rehearsed, might be analogous in function to the phonological store,
and the verbal rehearsal of note names (at accurate pitches) might be analogous to subvocal
"singing" in the articulatory control process. Logie and Edworthy (1986) presented a find-
ing that memory for tone sequences involves both mechanisms ; a phonological store and
articulatory control process.

The visuo-spatial sketch pad specialized for spatial and/or visual coding was defined
by Baddeley (1986) as "a system especially well adapted to the storage of spatial informa-
tion, much as a pad of paper might be used by someone trying for example to work out a
geometric puzzle." As found in this study, visualizing of pitch information was based on
visual representations of melodic contour or staff notation , or visuo—spatial representations
which were closely related to external or internal spatio—motor representations. The evi-
dence that subjects tracked precisely their visuo—spatial image while visualizing pitch
information was obtained by analyzing eye movements. These results are accounted for

well by the visuo-spatial sketch pad concept.
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Diversified Fields in the Psychology of Music

Since the mid-1970's, there has been remarkably progress in the study of music percep-
tion and cognition, reflecting the rapid pace of developments in cognitive psychology.
Recent advances in computer technology have enabled investigators to generate various
complex sound stimuli precisely. It has become possible to investigate such issues as audi—
tory pattern analysis, the attentional mechanisms in music, and memory for musical infor-
mation, and so on, with the stimuli control for strict experimentation (Deutsch, 1982a).
Thus, the employment of generative approaches and theories has been progressively re-
fined. At present, there are such diversified fields as pitch class (tone chroma) and octave
similarity, absolute pitch, perception and cognition of pitch and harmony, processing of
tonal and atonal pitch structures, rhythm and tempo, timing and dynamics, timbre of musi-
cal instruments, grouping and attentional mechanisms, music understanding and memory,
music and space (representations and interactions) tuning, intonation and consonance,
Vsegregation and integration of tones, musical expectancy, singing voice, music perform-
ance (expression and style, technical and expressive musical skill acquisition, motor
aspect), ability and training, musical education, prenatal audition, development and musi-
cal perception and cognition, musical creativity and cultural factors, ethnomusicology,
cognitive musicology, brain function, psychophysiological or neuropsychological correlates
of musical activities, aesthetic and affective response, emotional response to music, con—

cert hall acoustics, and computer simulation of musical processing.
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Music and Language

The similarity and discrepancy of music between speech has been noted in a number of
contexts (see Repp, 1991 ; Sundberg, Nord, & Carlson, 1991). There are clear behavioral
analogies between music and language (Gates, Bradshaw, & Nettleton, 1974). Both are
composed of sequences of discrete sounds ; vocal production and auditory reception are
primary in both. Both use arbitrary visual symbols to note salient aspects of the sound
pattern. In addition, in both skills reading of the text at speed requires many years to devel-
op, and it is reasonable to suppose that the music reader, like the language reader, increases
his coding efficiency through attention to structures in the text.

However, the most radical difference between music and language or speech is that
linguistics is directly related to the effect of the communicative message. Language is large-
ly a stable referential symbolic system that represents our knowledge. Lexical items are
symbols that exist not only by themselves in phonological terms, but also as representatives
for their referents. These lexical-referential linkages are fixed and the combination rules
are constant and universal for all languages (Aiello, 1994 ; Marin, 1982). Therefore, when
one encounters unfamiliar language, one cannot store the words as not only semantic but
also acoustic codes, and the words produce no visual images and arouse no feelings or
emotion.

On the other hand, music consists of a few non-referential items that are combined
according to the prevailing stylistic rules of harmony, melody, timbre, rhythm, or musical
form (Marin, 1982). Since each of these factors does not correspond to a specific or fixed
representation, we understand the musical message or meaning with our own mode, that is,
there are individual differences. Music, even unfamiliar music, is likely to evoke some
internal intermodai representations by arousing some feeling or emotion, and the pitch

information can be encoded as some codes.
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Music has a hierarchical structure which consists of several levels similar to those in
language. Umemoto (1990) proposed four musical dimensions that have corresponding
levels of perception and cognition. They are : (1) Music as sound (pitch, loudness, timbre,
duration, and pitch class), which corresponds to discrimination or identification of tone ; (2)
Music as an object of perception (melody, harmony, and rhythm), which corresponds to
pattern or contour recognition, coding of tones in terms of a scale, and so on ; (3) the struc—
ture of music (theme and its development), which corresponds to comprehension of the
structure ; and (4) the meaning or content of music (idea, title, and script), which corre~
sponds to cognition and empathic understanding of the piece as a whole. Marin (1982)
arranged musical deficiencies in a hierarchical order from a neuropsychological perspec—~
tive, and distinguished disorders of the psychological, categorical, perceptual, lexico~

symbolic, and programmative types.

Historical Background in the Study of Memory

1. Multi-store model

Prior to the recent remarkable progress in the study of music perception and cognition,
cognitive psychology as an approach based on the information processing framework
emerged in the 1950's. The information processing approach is partly based on a computer
analogy. Information is handled in a sequence of stages ; in each stage a specified function
is performed, and the information then proceeds to the next stage for a different kind of
processing.

Several memory theorists have attempted to describe the basic architecture of the
memory system. According to the Atkinson-Shiffrin model (Atkinson & Shiffrin, 1968,

1971), there are three types of memory stores ; the information from the environment is
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initially received by and held very briefly in the sensory stores, some is attended to and
processed in the short-term store, and some is transferred to the long—~term store.

Sensory memory holds information in a relatively raw, unprocessed form for an ex-
tremely short period. Most of the research which has been conducted on the sensory stores
has concentrated on the visual and auditory modalities, which are the most important ones
in our everyday lives. Neisser used the term iconic memory to describe visual sensory
memory, or the brief persistence of visual impressions that "makes them briefly available
for processing even after the stimulus has terminated" (Neisser, 1967, p.15). So far as the
iconic store is concerned, the classic demonstration of its existence was provided by Sper-
ling (1960). It is now generally accepted that information in iconic storage decays within
approximately 500 msec.

There is also evidence for a transient store in the auditory modality. Neisser coined the
term echoic memory as the auditory equivalent of iconic memory. Echoic memory is as—
sumed to consist of relatively unprocessed auditory input, which persists after the sound
disappears. Darwin, Turvey, and Crowder (1972) estimated that the duration of unattended
auditory information in echoic storage is approximately 4 or 5 sec. Massal;o (1970, 1972)
used a masking technique, and concluded that echoic memory lasts about 250 msec. In
another research, the duration was estimated to be about 100 msec (e.g., Deatherage &
Evans, 1969 ; Efron, 1970).

Short-term memory (STM) refers to the small amount of information that we keep in an
active state for a brief period. It includes the information that we are currently attending to,
processing, and rehearsing to ourselves, However, the capacity of STM is extremely limit—
ed. A large proportion of materials is forgotten in STM after a few seconds' decay. Long-
term memory (LTM) refers to a huge, relatively permanent kind of memory which has

enormous capacity and contains a wide variety of information.
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2. Limitations to multi-store models

The Atkinson-Shiffrin multi-store model served an important function historically. It
was the first theory of memory which provided a systematic account of the structures and
processes comprising the memory system. Although the conceptual distinctions between
the three different kinds of memory stores still have conceptual utility, there are serious
limitations to the multi-store model, in which both the STM and LTM are assumed to be
unitary and to operate in a single, uniform fashion.

The short—term store was formerly held to accept only acoustically coded information.
For example, Sperling (1960) had shown that the fading visual icon was rapidly translated
into an auditory form. The most definitive experiment on this translation was conducted by
Conrad (1964). Conrad presented letters visually in a memory span experiment, and found
a strong tendency for people to make recall errors attributable to acoustical confusion. The
results provide strong evidence that the short—term storage operates in an auditory mode.
Similar finding was found by Wickelgren (1965). It was generally considered that only the
long~term store could maintain semantic information. For example, Kintsh and Buschke
(1969) found, in their experiment concerning the serial position, that the material in STM is
coded in terms of its acoustic or sound characteristics, whereas that in LTM is coded in
terms of its semantic or meaning~related characteristics.

However, not all storage in STM is in an acoustic format ; there is ample indication that
verbal information is retained, at least to some extent, in visual form. Evidence that the
short-term store holds visual codes has been found by several researchers (e.g., Kroll,
1972, 1975 ; Kroll & Kellicutt, 1972 ; Kroll, Parks, Parkinson, Bieber, & Johnson, 1970 ;
Parkinson, 1972 ; Parkinson, Parks, & Kroll, 1971 ; Salzberg, Parks, Kroll, & Parkinson,
1971). Some experiments revealed that shadowing interfered less when the to-be-remem-
bered letter was presented visually rather than acoustically. This suggests that visually

presented letters are not recoded into pure acoustic information. The accuracy of response
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of deaf subjects is negatively affected by visual similarity of letter stimuli, resulting in
recall errors attributable to visual confusion. This suggests that the deaf subjects retain
letters in terms of their visual printed shapes (e.g., Conrad, 1972 ; Locke & Locke, 1971).
That deaf subjects can retain verbal items in a code represented in their sign-language
symbols has also been demonstrated (Bellugi, Klima, & Siple, 1975). The deaf have alter-
natives to the usual acoustic STM coding. In addition, there is evidence for the presence of
semantic information in STM. Shulman (1970, 1972) found that some short~term confu-
sions follow semantic patterns, indicating STM storage of semantic information. There is
evidence for articulatory coding as well (Levy, 1971 ; Peterson & Johnson, 1971).

Another weakness of the approach in the multi—store model concerns the role of re-
hearsal, which is the cycling of information through memory. The model assumes that the
major means by which information is transferred to LTM is via rehearsal in STM. In fact,
while the amount of rehearsal is often relevant to LTM (Rundus & Atkinson, 1970), several
researchers found that the amount of rehearsal in STM was not always related to the proba—

bility of recall from LTM (Craik & Watkins, 1973).

3. Levels-of-processing theory

Craik and Lockhart (1972) proposed a level-of—processing approach, in which there are
a number of different levels of processing ranging from shallow (sensory or physical
analysis of a stimulus) to deeper (more complex or semantic analysis). The by—product of
all this analysis is a memory trace. If the stimulus is analyzed at a very shallow level, then
that memory trace will be fragile and may be quickly forgotten. However, if the stimulus is
analyzed at a very deep level, then that memory trace will be durable and will be remem-
bered. |

They also discussed the role of rehearsal. There are two different kinds of rehearsal. One

is maintenance rehearsal, which simply repeats and maintains an item at a shallow acoustic
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level in STM, and cannot influence LTM. The other is elaborative rehearsal, which enriches
and supplements the item with extra meaning at a deeper level, making it more likely to be
stored in LTM ; that is, deeper levels of analysis produce a more elaborate, longer, and
stronger memory trace (e.g., Craik & Lockhart, 1972 ; Craik & Tulving, 1975 ; Craik &
Watkins, 1973).

The level-of—processing theorists emphasized encoding ; that is, how items are placed
into memory. They have indicated that encoding process which takes place at the time of
learning have a major impact on subsequent long-term memory and the process is impor—
tant.

Furthermore, Craik (1979) proposed that when a stimulus is processed at a deep level for
a long period, this stimulus is encoded distinctively. Distinctiveness describes the extent to
which a stimulus is different from the other memory trace in the system. Eysenck (1979)
also argued that long—term memory is affected by distinctiveness of processing as well as
by the depth and elaboration of processing. In other words, memory traces which are dis—
tinctive or unique in some way will be more readily retrieved.

The major criticism of the levels—of—processing theory comes from Eysenck (1978),
Jenkins (1974), and Baddeley (1978). The problem is caused by the lack of any independ-
ent or objective measure of processing depth. It seems intuitive that we can define physical
encoding as "shallow" and semantic encoding as "deep". The future success of the levels—
of—processing theory may depend upon finding a way to measure the critical feature, depth

of processing.

4. Mental representations and dual-coding theory
Many of the proposed methods for improving memory involve the use of imagery, or
mental pictorial representations for things that are not physically present. Although the

hidden and covert nature of cognitive processes makes them extremely difficult to exam-
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ine, the study of imagery, using new and more rigorous experimental methods, has begun to

flourish again in recent years.

Representations may be divided into the two categories of the external representations,
which we use in everyday life, and the internal or mental representations. The external
representations may be divided into two broad classes of pictorial and linguistic classes,
and the mental representations can be divided along similar lines into analogical and propo-
sitional representations. Although there are several forms of analogical representations
(e.g., auditory, olfactory, tactile or kinetic images), the prime analog representation is a
visual image. Analogical representations are nondiscrete, can present things implicitly, are
organized by loose rules of combination, and are concrete in the sense that they are tied to a
particular sense modality (modality-specific). Propositional representations are language-
like representations which capture the ideational content of the mind, irrespective of the
original modality in which that information was encountered. They are discrete, explicit,
organized by strict rules, and abstract.

Many theorists claim that information is stored in analog code, which is a representation
that closely resembles the physical object (e.g., Kosslyn, 1980 ; Cooper & Shepard, 1973 ;
Shepard & Metzler, 1971). Some of the characteristics of mental images are the phenome-
non that they can be mentally rotated and scanned, with preservation of relative size and
shape, in ways analogous to such operations on physical objects. Several dissenters believe
that we store information in terms of abstract descriptions of objects or propositions ;

storage is verbal rather than visual or spatial (Pylyshyn, 1973).

In a study of how imagery influences memory, Paivio (1969) obtained the result that
people recall more concrete words (e.g., apple, house) than abstract words (e.g., idea, truth),

indicating that concrete words encourage imagery. Paivio (1978) explained the result using



a dual-coding hypothesis in which there are two distinct systems for the representation and
processing of information. A verbal coding system deals with linguistic information and
stores it in an appropriate verbal form, and it is specialized for sequential processing to the
serial nature of language. A separate nonverbal (or imagery) coding system carries out
image-based processing and representations that correspond to concrete objects
(Bower,1972a). Although the two systems are independent, they are connected to each
other and can cooperate with each other. Evidence for separate verbal and non-verbal
systems has been observed in patients suffering unilateral damage to the temporal lobes
(Paivio, 1971).

The hypothesis maintains that superior memory for words with high imaginability arises
because they .are readily encoded in both the imaginal and verbal systems, whereas words
with low imaginability are likely to be encoded only in the verbal system. Highly imagina-
ble words are better remembered because they are represented in the memory as two types
of representations rather than one. Paivio (1986) also proposed that both the verbal (Logo-
gens : the concept comes from Morton's (1969) theories of word recognition) and nonverbal
(Imagens) systems are further divided into sub-systems (i.e., visual, auditory, kinesthetic,
gustatory, and olfactory) which process either verbal or nonverbal information in the differ-

ent modalities (modality—-specific).

5. Working memory model

When the multi-store model fell into disfavor, as described above, Baddeley and Hitch
(1974) proposed the concept of the working memory. In essence, the unitary short-term
store was replaced by a multi~component working memory system consisting of three
components : a modality-free central executive which has limited capacity and has two
subordinate components, an articulatory loop which holds information in a phonological
(speech-based) form, and a visuo—spatial scratch pad (sketch pad) which is specialized for

spatial and/or visual coding.
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The articulatory loop is organized in a temporal and serial fashion, and its capacity is
determined by temporal duration. Baddeley (1986) proposed a revised version of the
working memory model. He drew a distinction between a passive phonological store which
is directly concerned with speech perception and an articulatory control process which is
linked to speech production. The visuo-spatial sketch pad is defined as a system especially
well adapted to storage of spatial information (Baddeley, 1986), as Baddeley and Lieber-
man (1980) found that spatial coding was more important than visual coding in a variety of
tasks. While the revised working memory model is probably a refinement of the original
model, it is unfortunate that there has been so little clarification of the role played by the
central executive. It is claimed that the central processor is modality—free and used in

numerous processing operations, but its precise functioning still remains unclear.

Encoding and Representations

The purpose of this study was to investigate the encoding strategies for pitch informa-
tion of short melodies. "Encoding” refers to the establishment of codes which are more
likely to be stored in relatively permanent long—term storage. The encoding processes are
often assigned in the short-term memory.

Several authors (e.g., Bower, 1967 ; Tulving & Watkins, 1975) have suggested that the
memory trace can be described in terms of its component attributes. This viewpoint is quite
compatible with the notion of encoding elaboration. The trace may be considered the record
of encoding operations carried out on the input ; the function of these operations is to
analyze and specify the attributes of the stimulus. An encoded unit is unitized or integrated
on the basis of pas.t experience, just as the target stimulus fits naturally into compatible

context at encoding. An integrated or congruous encoding thus yields better memory per-
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formance, first, because a more elaborate trace is laid down and, second because richer
encoding implies greater compatibility with the structure, rules, and organization of seman-
tic memory. This structure, in turn, is drawn upon to facilitate retrieval processes (Craik &

Tulving, 1975).

To acquire effective encoding processes for verbal materials, there are many types of
strategies, such as a elaborative rehearsal, use of imagery, enactment of verbal instructions,
utilizing semantic relations between list items to integrate them into organized memory
units, and using various mnemonic devices (including chunking, grouping, organization,
mediators, first-letter technique, narrative technique, substitution method, rhymes, and

external memory aids, and so on).

A variety of mental representation models have been proposed for pitch structures.
These models fall into one of three classes of models (see Dowling, 1991 ; Krumhansl,
1990, 1991 ; Hubbard & Stoeckig, 1992 ; West, Howell, & Cross, 1991) ; (a) psychoacous-
tical, (b) rule-based, and (c) schematic / connectionist approaches. Psychoacoustical
models hypothesized that pitch could be represented by a single dimension (e.g., Stevens,
Volkmann, & Newman, 1937). Rule-based models exploit some of the outward similarities
between music and language. In language, there are a limited number of letters that can be
combined to form valid words, and words that can be combined to form grammatical sen—
tences. In music, there a limited number of tones (12 tones in a chromatic scale) that can be
combined to form melodies and accompanying harmonies. Deutsch (1980) and Deutsch and
Feroe (1981) presented a hierarchical model represented by pitch alphabets. Lerdahl and
Jackendoff (1983) developed an extensive generative grammar of music founded on four
sets of rules ; group_ing structure, metrical structure, time-span reduction, and prolongation
reduction. In schematic models, pitch is represented by some sort of music schema which

consists of at least three, or more dimensions ; Longuet-Higgins' key regions model (1978),
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Shepard's double-helix model (1982a,b), Rectangular representation of the multidimen-
sional scaling analysis of interkey distances (Krumhansl & Kessler, 1982). Lerdahl's model
(1988) is designed to capture essentially the same feature of musical pitch as Shepard's
(1982a,b) topological model, but is more symmetry on pitch structure. Connectionist model
of the representation of harmonic relationship was introduced by Bharucha (1987) and
Bharucha and Stoeckig (1986, 1987). In this model musical chords are represented by
nodes in a network.

There are a lot of models of the mental representations for pitch structures as described
above, indicating that any given music stimulus is likely to have multiple representations of
pitch, and that, therefore, people would employ multiple coding strategy in auditory modal-
ity for pitch éequences (West, Howell, & Cross, 1991). Shepard (1982a) suggests that for
musically sophisticated listeners, pitch should be encoded by three dimensions ; height,
position in the circle of fifths, and chroma. These three dimensions are all in auditory
modality (though they are visualized as a figure on a sheet : helical configuration of tones,
with pitch height as the vertical dimension and the chroma circle as the projection onto the
horizontal plane). However, when pitch sequence is presented auditorily, do subjects actual-
ly encode the pitches with the mental representation of the helical configuration with the
chroma circle ? The helical configuration with the chroma circle is a sophisticated theoreti—
cal and conceptual representation for pitch structure, but is not likely to be auditory (or
visual) imagery perceived from pitch information. Even though a rule-based or schematic /
connectionist model might offer us a complete description of how musical representation
might be accomplished, it is not clear that such an understanding or such a representation
would necessarily include the subjective elements of imagery so commonly reported
(Hubbard & Stoeckig, 1992). Furthermore, it is possible that auditory pitch information is
encoded not only in auditory modality, but also in visual or kinesthetic modality, namely
that multimodal representations based on intermodal coordination are employed to encode

auditory pitch information.
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Therefore, in the present study, encoding strategies for pitch information in short melo-
dies were investigated, in terms of not rule- or schema-based representations but imagery-

based multimodal representations.

For a time in the 1970' and early 1980', the imagery—propositional debate was very
controversial. During the period, Posner (1973) presented the conclusions concerning
codes in memory that (a) there are at least three types of codes, visual, verbal, and motor
(Bower, 1972b) ; (b) each code endures, and is not a transient residual of stimulation ; (c)
people differ in their propensity to use each type of code ; (d) these codes are parts of
separate memory systems that can be examined in isolation in the laboratory. In this study

all four of the points were experimentally demonstrated.

Outline of the Following Experiments

1. Preliminary experiment and its implications

The purpose of this study was to investigate encoding strategies for pitch information of
short melodies. First of all, a simple preliminary experiment was carried out. Subjects were
instructed to make recognition judgments as to whether an 8-tone standard melody and an
8-tone comparison melody were the same or different in pitch. The subjects were then re—
quired to answer the following question ; when you memorized and retained the melodies,
what types of strategies did you use to encode the pitch information ?

The preliminary questionnaire data indicated that the subjects used one or more of the
following several strategies : (a) a verbal encoding strategy, in which each pitchin a
melody was labeled with the name of a musical note, and this code was rehearsed and

stored in memory ; (b) a sensory (auditory) encoding strategy, in which pitches in a melody
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were retained in memory as auditory information ; that is, by singing, whistling, humming,
mental rehearsal of pitches, and so on ; (c) a visualizing strategy, in which pitches were
visualized in their image, as a melodic contour, on a keyboard, or on a staff no‘tation ; or
(d) a motor encoding strategy, in which an auditory melody was encoded by the movement
of the fingers as if playing the piano. Some subjects reported that they used two or three
strategies simultaneously.

The questionnaire data obtained in this simple experiment presented several important
implications, which were investigated in the subsequent experiments. There may be two
rehearsal modes, that is, pitch rehearsal which is direct and relatively unprocessed pitch
representation and verbal rehearsal of musical note names (Experiment 1). It is possible
that visual imagery, which is analogous to auditory information, is used to encode pitch
information (Experiment 4). These pitch encoding strategies obtained in the preliminary
experiment were not entirely independent of each other, and were sometimes inter—relat—
ed. This observation implies that a dual- or a triple—coding strategy may be used to memo-
rize or retain pitches (Experiment 6). It is possible that the employment of finger move—-
~ ments analogous to playing the piano may be an effective strategy for piano players to
encode pitches, because this external motor representation is likely to be resistant to chal-
lenging situations (Experiment 7). On the keyboard of a piano, higher pitch keys are placed
on the right and lower pitch keys are placed on the left. Piano players may have an image
of a spatial configuration in which the right direction is compatible with higher pitch, and
the left with lower pitch. It is possible that there are specific spatial directions for pitch
corresponding to spatial motor images during playing of an instrument (Experiment 8).

In Experiment 2, the ability to detect a 50—cent deviated pitch from an equal-tempera-
ment scale out of a melody was investigated. This ability is closely related to the ability for
verbal encoding of bitch information. In Experiment 3, the relationship between the ability

for verbal encoding of pitch information and cerebral hemispheric dominance was investi-
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gated. Experiments 5 and 9 were designed to investigate whether subjects show eye
movements corresponding to tracking of their visuo—-spatial images while encoding pitch

information.

2. Encoding strategy and distractor paradigm

The methodology used in the following experiments was influenced by that of Slobo-
da's experiments (1976). One means of attempting to investigate the nature of the encoding
processes is to interfere with them by causing concurrent stimulation or activity which
engages in similar processing mechanisms (distractor paradigm).

The purpose of the distractor task is to prevent rehearsal. A distractor task leads to
increased incidence of forgetting, if it involves processing of stimuli that are similar to the
to—be-remembered materials (e.g., Corman & Wickens, 1968 ; Wickelgren, 1965). In the
experiments of Reitman (1971, 1974) and Shiffrin (1973), it was found that distractor tasks
involving verbal skills were more likely to disrupt retention of verbal forms than were non-
verbal distractor tasks such as signal detection. Furthermore, the distractor task is much
more effective if it presented in the same modality as the to-be-remembered materials
(e.g., Proctor & Fagnani, 1978). The distractor paradigm is also accounted for by a mecha-
nism of release from proactive inhibition (e.g., Keppel & Underwood, 1962 ; Wickens,‘

1972 ; Wickens, Born, & Allen, 1963).

The purpose of Sloboda's experiment (1976) was to investigate a code in a visual
memory task. The visual stimulus was six notes on a staff, and was presented in a two-field
tachistoscope. In each trial, the visual stimulus was presented for 2.0 sec, and the subject
was then required to recall the notes on a staff. Three types of interfering material (speech,
tonal music, and atbnal music) were prepared for auditory presentation, and presented as

the interference condition. It was hypothesized that if musicians coded the visual notes as
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pitches, then they would suffer greater interference from the tonal or atonal musical input
in the auditory modality than from the speech input, whereas if they coded the visual notes
as note names, then they would suffer greater interference from the speech input. The re—
sults were interpreted to indicate that either the musicians did not encode visually presented
notes by their note names or pitches, or that they can carry on concurrent activities with the

same code simultaneously.

The purpose of the present study was to investigate the types of strategies used to
encode the pitch information in short-term memory. Therefore, comparing Sloboda's exper—
iment, the stimuli were presented auditorily instead of visually, and the subjects were re-
quired to produce recognition responses instead of recall responses. Although a distractor
paradigm was employed in Sloboda's experiment, it is possible that the distractors did not
interfere with the subjects' coding processes effectively, because, the distoractors may not
have been similar to their predictable coding strategies, or the modality of distractors were
different from that of the to—be-remembered stimuli.

Therefore, in the present experiments, interfering stimuli which more effectively inter—
fere with the subjects' coding processes than those used by Sloboda were introduced. Tones
or note names, whose rate was the same as that in the standard melody, were interpolated
auditorily during the retention interval (Experiments 1, 6 and 7), instead of the continuous
music or speech used as background interference by Sloboda.

In Experiments 1 and 4 to 9, to investigate the type of encoding strategies, several
kinds of distractors were prepared and interpolated during the retention interval between the
standard and comparison stimulus. Distractors interfere with the operation of the codes
which are used to acquire the pitch information of the standard stimulus and are maintained
or rehearsed. From the disruptive effects of distractors on the recognition performance, the

type of encoding strategy employed during retention interval can be inferred.

39



CHAPTER 2

EXPERIMENTAL TESTS OF
VERBAL ENCODING STRATEGY FOR PITCH

EXPERIMENT 1
Verbal Encoding Strategy and Pitch Rehearsal Strategy

Method
Results and Discussion

EXPERIMENT 2
| Detection of Deviated Pitch out of Tonal and Atonal Melodies

EXPERIMENT 2-1 Method
Results and Discussion
EXPERIMENT 2-2 Method and Results

EXPERIMENT 3

Cerebral Hemispheric Dominance for
Various Types of Melodies

EXPERIMENT 3-1 For Western melodies
Method
Results and Discussion
EXPERIMENT 3-2 For Japanese melodies
Method
Results and Discussion
EXPERIMENT 3-3 For tonal and atonal melodies
Method
Results and Discussion
EXPERIMENT 3-4 For tonal and atonal melodies
' along with note names
Method
Results and Discussion

40



EXPERIMENT 1

Verbal Encoding Strategy and Pitch Rehearsal Strategy

In Deutsch's experiment (1970), subjects were required to judge whether two tones,
separated by a 5-sec interval, were the same or different in pitch. The tones were of the
same pitch in half the trials, and differed by a semitone in the other half. Results showed
that when six extra tones were interpolated during the 5—sec retention interval, the error rate
was 32.3 %, even though the subjects were required to ignore the interpolated tones. In
contrast, when six spoken numbers were interpolated instead of tones, the error rate was
only 5.6 %, even though the subjects were required to recall the numbers. Similar results
have been obtained in other studies ; whereas only a minimal decrement in pitch recogni-
tion was found after a retention interval filled with a sentence, noise or a series of numbers,
considerable disruption was found when several tones were interpolated (e.g., Massaro,
1970 ; Wickelgren, 1966).

On the other hand, Siegel (1974) found that, if the subjects were able to encode pitch
verbally ; i.e., to label tones with the musical note names and to store them in memory,
pitch recognition did not drop significantly even after a 15-sec delay filled with interfering

tones. Verbal encoding thus aided retention over a longer time span.

These results indicate that pitch information is subject to interference caused specifically
by other tones, and that only when some effective strategies can be employed to encode
pitch information will it be retained in memory. Therefore, the purpose of Experiment 1,

with distractor paradigm (Umemoto, 1984 ; Umemoto, Takeda, Arimoto, & Kondo, 1976),
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was to investigate whether subjects could employ verbal encoding as an effective strategy
to encode pitches of tonal and atonal melodies (Mikumo, 1989a,b, 1990b, 1992d), instead

of only one tone, as in the experiments described above.

Method

Subjects

Twenty-six female subjects (average age, 21.3 years ; age range, 20-23 years) who
were undergraduates majoring in music constituted the highly musically trained group
(Group H). Each had had at least 12 years of formal musical training, with an average of
15.7 years (range, 12-19 years).

Twenty-six female subjects (average age, 20.6 years ; age range, 18-23 years) who
were undergraduates majoring in literature or science constituted the less well musically
trained group (Group L). None were currently playing a musical instrument, and their

musical experience on an instrument averaged 3.8 years (range, 0-5 years).

Materials
Each trial involved a standard series followed by an interfering stimulus and then by a

comparison series. Both the standard and the comparison series consisted of six different
tones taken from an equal-temperament scale, which ranged from G,(196.0 Hz) to
G,(784.0 Hz). The duration of each tone was 1.0 sec (900msec with 100-msec silence). In
this experiment there were 64 trials. Half of the them (32) were tonal melodies in a major
key and were high in tonal melodic structure, according to conventional Western rules.

The other half(32) were atonal melodies, which were low in tonal melodic structure(®,
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Half of the comparison series were exactly the same as the standard series, and the other
‘half were divided into four types that were different from the standard. Transposition (T)
was obtained by transposing the standard series by two semitones (higher or lower), pre—
serving both the exact pitch intervals and the contour®. Contour—preserving comparison
(C) was obtained by changing one of the pitches by two semitones (higher or lower),
preserving the contour of the standard, so that the exact pitch intervals were not preserved.
Exchanging comparison (E) was obtained by exchanging the order of two successive
pitches of the standard, so that both the contour and the pitch intervals were a little diffgrent
from those of the standard. Retrograde comparison (R) was obtained by reversing the
order of pitches of the standard, so that the contour and the pitch intervals were not com-
pletely preserved.

Four types of interfering stimuli were interpolated during the retention interval between
the standard and the comparisbn series. "Pause" (P) was a blank retention interval. "Inter-
fering Melody" (IM) was composed of 12 tones (range, G,~G;), having either a tonal or
an atonal structure. "Series of Nonsense Syllables" (NS) consisted of a meaningless series
of 12 speech sounds. "Series of musical Note Names" (NN) consisted of a series of 12
words chosen randomly from seven note names (Do, Re, Mi, Fa, Sol, La, Si). Both the
series of nonsense syllables and the series of note names were delivered in a monotonous
female voice. Each of four interference types consisted of 16 stimuli, having a total dura-
tion of 12 sec (Figure 1-1).

The tones were generated by an NEC PC-8801 MK2 computer, and were recorded on
tape and played over high—-quality sound reproduction equipment. All tones were adjusted
to be equal in loudness (approximately S0dB SPL), and were presented via two loudspeak-

CrIS.
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Procedure

The subjects were instructed that this was an experiment on memory for melodies, and
that, on each of the 64 trials, they would first hear a warning signal, then a first melody,
which was followed by an interfering stimulus, and then a second melody. The subject's
task was to judge whether the two melodies were the same or different in pitch, indicate
their judgments by writing "S"(Same) or "D"(Different) on an answer sheet, and rate their
decision on a 5-point confidence scale with responses of "very sure yes (or no)", "fairly
sure yes (or no)", "unsure yes (or no)", "fairly unsure yes (or no)", "very unsure yes (or
no)".

As described above, four types of interfering stimuli were prepared. The subjects were
required that, when the interfering stimulus was a pause or a melody, they should listen to
it, and when the interfering stimulus was a series of nonsense syllables or of note names,
they should shadow the sounds one by one. The experimenter emphasized that the sub—
jects were to respond "different", even to exact transpositions of the first melody, and that
they should not employ a tapping strategy analogous to playing the piano. The subjects
were given feedback on four practice trials for each of the interfering stimulus types. The
intervals between the standard stimulus and the first interfering sound, and between the last
interfering sound and the comparison stimulus, were each 1.0 sec, and the next trial began 7
sec after the comparison stimulus.

In this experiment, there were 32 tonal and 32 atonal trials. In both types of melodies, 8
trials were run in each type of interfering condition, in half of which (4 trials), the
comparison series were exactly the same as the standard series, and in the other half (4
trials), the comparison series were different from the standard series (T, C, E, R). The four
types of interference conditions were mixed, and the order of presentation of all 64 trials

was randomized.
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Figure 1-1.
Examples of standard, comparison, and interference conditions used in this
experiment. Filled notes in comparison stimulus sets indicate that their
- pitches were different from those located at the corresponding serial posi-
tions in the standard stimulus sets.
Notes.

Interference conditions

(P : Pause, IM : Interfering Melody, NS : series of Nonsense Syllables,
NN : series of musical Note Names).

Comparison stimuli
(T : Transposition,
R : Retrograde).

C : Contour-preserving,
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Results and Discussion

In this experiment three response measures were calculated : the recognition probability
for each type of interference condition (Figure 1-2), the false-alarm rate for each type of
comparison (Figure 1-3), and the receiver—operating characteristic (ROC) curve (Figure 1~

4).

First, the recognition probability data (hit rate minus false—alarm rate [Woodworth &
Schlosberg, 1954]) were analyzed in a three—-way analysis of variance [ 2 Groups X 2
Melody Types X 4 Interference Conditions ], with repeated measures on the second and
third factors. There were significant main effects of Group, Melody Type, and Interference,
[ F(1,50)=150.8, p<.001 ; F(1,50)=64.9, p<.001 ; F(3,150)=7.06, p<.001 ], and there was a
marginal interaction of Group X Melody Type X Interference [ F(3,150)=2.47, p=.063 ].
These results are shown in Figure 1-2, in which the main effect of Group indicates that
the performance of Group H was consistently superior to that of Group L, and the main
effect of Melody Type indicates that both Groups H and L performed better with the tonal
than with the atonal melodies. The marginal interaction among the three factors indicates
that there might have been differences in the disruptive effects of the interference condi-
tions in the performance of the two groups.

As shown in Figure 1-2, recognition performance of Group H for the tonal melodies
was significantly (by Newman-Keuls Method) more disrupted by shadowing the series of
note names than by the Pause (p<.01), or by shadowing the series of nonsense syllables
(p<.05). This finding suggests that Group H used a verbal encoding strategy, in which
each pitch in a tonél melody was labeled with a note name, and that these codes (note

names) were rehearsed. For atonal melodies, recognition performance of Group H was
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Figure 1-2.

Mean probability of correct recognition (hit rate minus false-alarm rate)
in the four interference conditions (P, IM, NS, NN) for both tonal and
atonal melodies.

Notes.
P : Pause, IM :Interfering Melody, NS :series of Nonsense Syllables,

NN : series of Note Names.
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significantly more disrupted by listening to the interfering melody than by Pause (p<.05).
This finding suggests that the subjects used a pitch rehearsal strategy, in which they
attempted to retain the pitches in the melody as acoustic information ; that is, by humming,
whistling, singing, mental rehearsal of pitches and so on. These subjects reported that a
verbal encoding strategy would be ineffectual for an atonal melody. Only very specific
information about pitch is extracted from atonal melodies encoded at the material level of
tones. The pitches and intervals of atonal melodies seem especially hard to learn (cf.
Dowling, 1982, 1988).

On the other hand, the recognition performance of Group L for both the tonal and the
atonal melodies was significantly worse than that of Group H even in the Pause condition,
and there were no significant differences in disruptive effects for the different types of
interference conditions. This finding suggests that these subjects could not use any effec-

tive strategies for pitch encoding of the melodies.

Second, the false—alarm data were analyzed in a three-way analysis of variance [ 2
Groups X 2 Melody Types X 4 Comparison Types ], with repeated measures on the
second and third factors. There were significant main effects of Group and Comparison
Type, [ F(1,50)=36.3, p<.001 ; F(3,150)=29.3, p<.001 ], and there were significant inter-
actions of Group X Comparison Type, and Group X Melody Type X Comparison Type,
[ F(3,150)=7.90, p<.001 ; F(3,150)=3.07, p< .05 ], but there was no significant main effect
of Melody Type. These results are shown in Figure 1-3, in which the interaction of
Group X Comparison Type is shown. For Group H, significant differences (by Newman-
Keuls Method) in false—alarm rate were found between Contour—preserving and Exchang—
ing comparisons, Contour-preserving and Retrograde comparisons, Exchanging and
Retrograde compaﬁsons, and Contour-preserving and Transposition comparisons (p<.01).

For Group L, significant differences were found between Transposition and Exchanging
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comparisons, Contour—preserving and Exchanging comparisons (p<.05), Transposition and
Retrograde comparisons, Contour—preserving and Retrograde comparisons, and Exchang-
ing and Retrograde comparisons (p<.01). The false-alarm rate of the former of each pair
was higher than that of the latter. Namely, Group L had many more false alarms in Trans-
position than had Group H.

These findings suggest that the subjects in Group L were unable to discriminate a dif-
ference between the standard and the transposition, even though they were asked to reject
the exact transposition of the standard, that is, pitch or key was not effective cue. In other
word, they could use only the contour as a cue for melody recognition.

The subjects in Group H were able to use not only contour but also pitch intervals as
effective cues for melody recognition. Cuddy, Cohen, and Miller (1979) have also shown
that if the sequence to be transposed is embedded in a tonal context, it is easier to recognize
than when in a non-tonal context. In the present experiment, stimuli would be somewhat
easy for Group H, so that even with atonal melodies the false—alarm rate was rather low in
transposition.

These interpretations suggest that contour and pitch intervals are independently handled
as different features (Edworthy, 1985), and moreover, suggest that contour recognition is
dominant over pitch intervals recognition. These results are consistent with the findings of
Deutsch (1977), Dowling (1971, 1972, 1978), Dowling and Fujitani (1971), Idson and
Massaro (1978), Kallman and Massaro (1979), and Sloboda (1978). They also suggest that
whereas the subjects in Group L tended to listen global, the subjects in Group H were able
to listen more analytically. This is consistent with the findings of Bever and Chiarello

(1974) and Mikumo (1987a, 1988).
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Figure 1-3.
Mean false-alarm rate for four comparison melodies (T, C, E, R) for
both tonal and atonal melodies.
Notes.
T : Transposition, C : Contour—preserving, E : Exchanging,
R : Retrograde.
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Figure 1-4.
Receiver Operating Characteristic (ROC) curve for recognition
memory for tonal and atonal melodies.
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Third, Figure 1-4 shows the ROC curve calculated by using a 5—point confidence scale,
in which the "Same" judgment and the "Different" judgment each had five levels of re-
sponse. The data were thus divided into 10 categories, plotting the hit rate of Same-Differ-
ent decisions for each of the false-alarm rates. In addition, the discriminability indices (d’)
were calculated for two types of melodies for the two groups (Group H: tonal melodies,
d'=2.44 ; atonal melodies, d'=1.74. / Group L: tonal melodies, d'=1.12 ; atonal melodies,
d'=0.64). It was evident from the d’ and the ROC curve data that the discrimination in the
Same-Different decisions of the Group H was consistently better than that of Group L,
and both Groups H and L had more discrimination for tonal than for atonal melodies.
Listeners were better able to detect alternations in tonal than in atonal melodies (cf. Dewar,

Cuddy, & Mewhort, 1977).

It may be concluded that the less well musically trained subjects tended ’to listen global-
ly to the musical series on the basis of the total configuration or Gestalt (i.e., melodic
contour : cf. Dowling, 1994). Although they performed somewhat better with tonal than
with atonal melodies, they were unable to use any effective strategy to encode pitches of
these melodies.

On the other hand, the highly musically trained subjects could listen analytically to the
musical series, with considerable attention to the internal relationships among their compo-
nents (i.e., pitch intervals). When the series had a tonal structure, the subjects were able to
use a verbal encoding strategy. Pitch information is mapped onto a relatively small set of
highly overlearned alphabets. Although these differ from one culture to another, the use of
such alphabets appears to occur cross—culturally (Deutsch, 1982c). Tonal sequences are
coded and retained as hierarchies of structures, each of which is associated with a given

pitch alphabet (Deutsch & Feroe, 1981).
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Siegel (1974) proposed that possessor of absolute pitch attempted to use a verbal encod-
ing strategy when the pitches belonged to different categories of note name. However, the
results obtained in Experiment 1 showed that when the tones were serialized in an atonal
structure, it was difficult even for the highly trained subjects to use a verbal encoding

strategy even when each pitch in the melody belonged to a different category of note name.

In this experiment, one of four interference conditions was interpolated during the reten—
tion interval, and all of the results were interpreted relative to the control condition P
(blank-interval). This is based on the view that forgetting in short-term memory comes
about through both a decay in time and interference from the presentation of other material
(e.g., Lindsay & Norman, 1977 ; Massaro, 1970 ; Norman & Bobrow, 1975 ; Wickelgren,
1967, 1973). In Experiments 4, 6, and 7 as well, a blank—interval control condition was
interpolated during a retention interval to remove the disruptive effects of the time decay
and to clear the disruptive effect of the interference.

In the results of this experiment, a ceiling effect was found in Group H with tonal
melody, indicating that remembering a 6-tone melody was rather easy for the highly
trained subjects. To investigate encoding strategies for pitches of melodiés, which involve
various information regarding contours and pitch intervals, an appropriate melody length
would be more than 8 tones (cf. Edworthy, 1985 ; Mikumo, 1987a, 1988, Mikumo &
Umemoto, 1988 ; Umemoto & Mikumo, 1988, 1989). In the following experiments except
for Experiment 2, 8-tone melodies were employed as stimuli.

In the second analysis, it was found that, contour is easier to extract from melodies than
is pitch or pitch interval information but contour is not easier to retain (cf. Dowling, 1982).
Therefore, according to the level-of—processing theory (Craik & Lockhart, 1972), use of
contour would revéal processing at shallow level and use of pitch intervals that at deeper

level in terms of melody recognition. Moreover, when subjects perceive an auditory
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contour, a visual contour would be perceived at the same time ; that is, they would visualize
an auditory contour as a visual contour. This point is discussed in more detail in Experi—
ment 4.

Subjects in Group H reported that they employed verbal encoding strategy ; in most
cases the verbal codes were accompanied by corresponding pitch codes. It is possible that
two codes are employed at the same time to encode pitches. This point is discussed in more
detail in Experiment 6.

To provide appropriate musical note names for the particular pitches (the encoding of
pitch information as verbal labels) indicates that pitches separated by more than a semitone
are categorized into different verbal labels (note names). The possession of the verbal
labels increases the likelihood of the categorical information being extracted and stored
(Sloboda, 1985). The employment of verbal encoding strategy for pitch information would
be closely related to categorical perception for musical intervals. This point was investi—

gated in Experiment 2.
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(1) These stimuli were chosen from 100 original melodic series, each composed of six
tones, by 20 university students using the scales of "Tonality~feeling" described in
Hoshino (1985), and Hoshino and Abe (1981, 1984). Abe(1987), Abe and Hoshino (1985),
and Erickson (1984) investigated tonal centering. Boltz (1989) investigated the effects of

tonal relationships on melodic completion.

(2) Contour refers to an ordinal representation of the intervals of a melody, which indi-

cates whether adjacént notes are higher or lower than one another (Jones, 1976).
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EXPERIMENT 2

Detection of Deviated Pitch out of Tonal and Atonal Melodies

In Experiment 1, it was found that highly musically trained subjects were able to encode
pitches in tonal structure as verbal labels (note names). The ability to assign different verbal
labels to the pitches, which were separated by more than one semitone, was closely related
to categorical perception.

Siegel (1974) proposed that possessors of absolute pitch had two distinct modes of pitch
processing : a sensory trace mode, in which they attempted to retain some sensory informa-
tion from tones for a brief time in memory, and a verbal mode, in which they attempted to
label tones with the names of musical notes and to store these in memory. In Siegel's exper—
iment, the subjects were presented with two tones, separated by a 5—sec interval, and they
were required to judge whether the second tone was higher or lower in pitch than the first.
The results indicated the operation of sensory coding when the two pitches were only one-
tenth of a tone apart, since verbal coding would have provided the same name for both
pitches. When the two pitches were separated by three—quarters of a tone, they belonged to
different categories of note names and were differentially labeled ; therefore, the verbal
labeling strategy was useful to subjects with absolute pitch.

Categorical perception of pitch intervals was demonstrated by Locke and Kellar (1973).
They presented subjects with triads (chords) in which the tuning of the middle pitch was
systematically varied from major (C, sharp=554 Hz) to minor (C, natural=523 Hz), passing
through several int&mediate pitches. The lower and upper pitches were always 440Hz(A,)

and 659 Hz(E,). The results indicated that almost all chords with middle pitch above 546
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Hz were heard as A major, while almost all chords with middle pitch below 540 Hz were
heard as A minor. The evidence suggests a category boundary at about 542 Hz. Whereas
musicians showed a clear peak in discrimination at the category boundary, non-musicians
did not show such clear evidence of categorical perception.

A number of experimenters have obtained category-scaling identification functions for
pitch intervals spaced at increments of 10 to 20 cents, over ranges of 2 to 5 semitones,
where the labels are the relevant intervals in the chromatic scale (e.g., Burns & Ward, 1974,
1978, 1982 ; Rakowski, 1976 ; Siegel & Siegel, 1977a,b ; Umemoto & Tokumaru, 1990).
In musically trained subjects, the form of the identification functions also shows very sharp
category boundaries (Burns & Ward, 1978) and high test-retest reliability, whereas in
musically untrained subjects, it shows large category overlap and poor test-retest reliability
(Siegel & Siegel, 1977a).

These results indicate that, the closer a pitch is to one in the equal-temperament chro-
matic scale, the more the pitch is assimilated to the category on the scale. Up to 50 cents
(one half semitone), the farther a pitch is from one in the equal-temperament chromatic
scale, the more the pitch is dissimilated from the category on the scale, and beyond 50 cents
up to 100 cents, the pitch is increasing assimilated into the next category on the scale. The

category boundaries are very sharp in highly trained subjects.

In Experimént 2-1, subjects were required to identify a deviated tone in a melody, in
which one tone was deviated by 50 cents either higher or lower in pitch from that in the
equal-temperament scale. Fifty cents is one halftone between semitones, and a 50-cent
deviated tone is in other words just a middle pitch between the two correct pitches above
and below it, which are categorized as successive semitones on the chromatic scale. As
described above, the category boundary tone is that at 50-cent deviation, and this tone is

the one most difficult to assimilate into either category, that is, it is difficult to categorize
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the deviated tone into a note name on the chromatic scale. Therefore, it is considered that
the ability to detect the tone with 50-cent deviation from a melody is the basis of the ability

to encode pitches as note names.

EXPERIMENT 2-1

Method

Subjects

Subjects of this experiment were third— and fifth-grade elementary school children,
first— and third-grade junior high school students, second-grade senior high school stu-
dents, and university students majoring in psychology or music. All the students except the
university students were divided into highly musically trained (Group H) and less well
musically trained (Group L) groups. Among elementary school children, junior high
school students, and senior high school students, those who had had at least four, six, and
eight years, respectively, of formal training in playing the piano were placed in Group H.
The remaining subjects at each education level were placed in Group L. Among the uni-
versity students, the music majors were placed in Group H, and the psychology majors in

Group L. The number of subjects in each group is shown below.

56



Total Group H Group L

Elementary school

3rd grade (E3) 73 14 59
5th grade (ES) 74 20 54
Junior high school
st grade (J1) 73 20 53
3rd grade (J3) 63 14 49
Senior high school
2nd grade (S2) 78 29 49
University
Psychology (U) 56 56
Music ()] 73 73
Materials

A total of 30 tonal melodies and 30 atonal melodies were composed (Mikumo, 1990a ;
Mikumo & Umemoto, 1990 ; Umemoto, Mikumo, & Murase, 1989) ; 16, 20, and 24 melo-
dies with lengths of 4, 5, and 6 tones, respectively, were prepared. In each melody, the pitch
of one tone was deviated by 50 cents either higher or lower from that in the equal-
temperament scale, and the remaining tones, which ranged from B, (246.94 Hz) to E,
(659.26 Hz), were taken from the scale. The serial position where the deviated tone was
placed in each melody was counterbalanced within melodies of each length. The duration
of each tone was 1.0 sec (900 msec with 100-msec silence), so that the lengths of the 4-,
5-, and 6—tone} melody were 4.0 sec, 5.0 sec, and 6.0 sec, respectively. The tonal melodies
were in a major key, and were high in tonal melodic structure according to conventional
Western rules, while the atonal melodies were low in tonal melodic structure, and both
types of melodies involved a wide variety of contours.

The tones were generated by an NEC PC-9801 26K sound synthesizer board installed in
an NEC PC-9801 VX personal computer, and they were recorded on tape with a VICTOR
digital audio tape recorder XDZ1100.
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Procedure

Subjects were instructed that this was an experiment on sense for a deviated pitch in a
melody, that the melodies consisted of four, five or six tones, and that all 60 melodies
without exception contained one deviated pitch from the equal-temperament scale. They
were required to identify the deviated tone in each melody and to indicate their judgments
by marking the position of the deviated tone in each melody on a test sheet, in which there
were 60 rows of black circles, each corresponding to one of the 60 test melodies ; the
number of black circles in each row corresponded to the number of tones in the correspond—
ing melody. Three practice trials with feedback were given to the subjects prior to the 60
trials, and the interval between trials was 10 sec. The order of presentation of all 60 trials
was randomized.

The melodies were played over high—quality sound reproduction equipment (CASIO
digital audio tape recorder DA-1). All tones were adjusted to be equal in loudness. and

were presented via two loudspeakers (SONY SRS-200).

Results and Discussion

The number of correct responses in subjects at each education level is shown in Figure
2-1, and that for tonal and atonal melodies in Groups H and L at each education level is
shown in Figure 2-2.

Correct response data were analyzed in a three—way analysis of variance [ 6 Grades X 2
Levels of Experience in music X 2 Melody Types ], with repeated measures on the third
factors. The six Grades are the education levels (E3, ES, J1, J3, S2 and U), the two levels

of Experience are Groups H and L, and the two Melody Types are the tonal and atonal
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melodies. There were significant main effects of Grade, Experience and Melody Type |
F(5,478)=40.75, p<.001 ; F(1,478)=294.29, p<.001 ; F(1,478)=848.34, p<.001 ]. There
were significant interactions of Grade X Melody Type, Experience X Melody Type, and
Grade X Experience X Melody Type [ F(5,478)=8.25, p<.001 ; F(1,478)=32.25, p<.001 ;
F(5,478)=5.88, p<.001 ].

The main effect of Grade indicates that the number of correct responses increased signif-
icantly with the education level, at all levels except that between J1 and J3 ; the signifi-
cance level of differences between E3 and E5, ES5 and J1, J3 and S2, and S2 and U was
p<.01. The main effect of Experience indicates that the number of correct responses in
Group H was consistently higher than that in Group L. The main effect of Melody Type
indicates that the number of correct responses with tonal melodies was higher than that with
atonal melodies. The interaction of Grade X Melody Type indicates that, with tonal melo-
dies, the differences among Grade in the number of correct responses were the same as
those described above, whereas, with atonal melodies, the number of correct responses
increased significantly with the education level, at all levels except those between ES5 and
J1 and between J1 and J3 ; the significance level of differences between E3 and ES, J3 and
S2, and S2 and U was p<.01. The interaction of Experience X Melody Type indicates that
the difference between Groups H and L in the number of correct responses was larger with
tonal melodies than with atonal melodies.

The results suggest that the ability to detect the deviated tone in each melody depended
considerably on experience or training in music. However, the result that there was no
significant interaction of Grade X Experience suggests that even those who were less well
trained in music acquired ability to some extent as their age increased. Moreover, the sub-
jects in both Groups H and L showed greater accuracy in detection of the deviated tone out
of a tonal melody than out of an atonal melody, and the improvement with age was more

marked with tonal melodies than with atonal melodies.
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In further analysis (Mikumo & Umemoto, 1990), it was found that, the later the deviated
tone appeared in the melody, the grater the accuracy with which it was detected, although
university music majors, could even detect a deviated tone placed at the third or fourth

serial position in the melody.

If a pitch deviates from the tone in an equal-temperament scale, and can not be catego-
rized in a permissible pitch range labeled with a note name, the pitch will be recognized as
a deviated pitch. It would be rather difficult to judge whether a pitch is deviated from the
equal-temperament scale without any accompanying referential tones, because the judg-
ment would require absolute pitch. In the detection of a deviated tone out of a melody, the
subject gradually constructs an internal cognitive framework (scale schema) upon hearing
the tones from the beginning of the melody. This cognitive framework plays an essential
role in the perceptual interpretation of each succeeding tone (Shepard, 1982a), and the sub-
jects can detect a deviated pitch out of a melody by referring to the framework.

In this experiment, the diatonic scale schema would be constructed hearing tonal melo—
dies, so that the detection of a deviated tone out of a tonal melody was more accurate (e.g.,
Krumhansl, 1979). Musically trained subjects are much more sensitive to the tonal scale
structure than are untrained subjects (Krumhans! & Shepard, 1979). One might say that
trained subjects can abstract the structural properties from a tonal melody, and that one
effect of training is to enhance the importance of the tonal scale system in the information

processing of melodies.
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EXPERIMENT 2-2

The results of factorial study with 25 variables in the music tests of Wing (1948), Drake
(1954), Seashore (1919) and Seashore, Lewis, & Saetveit (1960), Sherman-Knight (1977),
Musical Aptitude Profile (1965), a test of absolute pitch, and the new test of detection of
pitch deviation described in Experiment 2-1, are shown in Table 1. Subjects were 64
female university students, 22 of whom were music majors. The results revealed that the
test of pitch deviation was one of components of the primary factor, in which other tests
were also highly loaded ; these included chord analysis, chord pitches, memory for melody
(Wing) ; thythm and memory for melody (Seashore) ; pitch interval, thythm, memory for
melody, reading staff notation (Sherman—Knight) ; phrasing test (MAP) ; and absolute
pitch. Therefore, the ability to detect a deviated tone from the equal-temperament scale out
of a melody was confirmed to be a component of the most important factor in music cogni~

tion (Mikumo, 1990a ; Mikumo & Umemoto, 1990 ; Umemoto, 1993).
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Table 1

Varimax Rotated Factor Matrix for 25 variables in the music tests of Wing,
Drake, Seashore, Sherman—Knight, Musical Aptitude Profile, Absolute Pitch,

and Detection of pitch deviation.

Variable Communality | Factor 1 | Factor 2 | Factor 3 | Factor 4 | Factor 5 | Factor 6
1 WG1 653 586 285 .188 —.001 297 325
2 WG2 660 579 340 .096 201 400 .008
3 WG3 735 685 483 074 120 —.103 043
4 WG4 660 264 717 142 018 —.099 -.215
5 WG5 730 316 756 105 -.023 178 J22
6 WG6 642 348 663 .070 073 —.234 J24
7 WG7 .760 253 .789 .164 141 134 .099
8 DR1 .746 —.364 —.698 -.211 —.247 =135 048
9 DR2 761 =117 100 —.065 -.125 238 -.813
10 SE1 764 J11 —.009 .059 117 845 -.147
11 SE2 442 075 —.003 144 .636 105 001
12 SE3 464 557 220 -.251 104 153 089
13 SE4 541 -.119 332 114 -.318 116 521
14 SE5 524 —.207 149 177 660 .082 -.041
15 SE6 635 409 351 —.028 545 —.169 137
16 SK1 398 305 215 496 .060 —.035 —-.087
17 SK2 .786 767 321 241 —.156 —.074 -.086
18 SK3 742 736 .286 .059 131 263 171
19 SK4 790 821 170 275 —.099 .038 038
20 SK5 687 566 270 .505 019 .194 022
21 MA1 617 A37 147 515 191 —.281 -.157
22 MA2 605 -.011 ~-.039 715 165 032 255
23 MA3 539 157 232 .650 117 146 .051
24 AP1 811 852 146 .193 013 —.089 -.139
25 DV1 .846 710 383 433 056 —.039 -.053
Contribution 661 234 158 .094 062 059 054
Wing Test
WG1 —chord analysis, WG2-pitch change, WG3-—memory,
WG4 —rhythmic accent,  WG5—harmony, WG6 —intensity, WG7—phrasing.
Drake Test
DR1-—tonal memory, DR2-—rhythm.

Seashore Test

SE1-pitch, SE2-loudness, SE3—rhythm, SE4—time, SE5—timbre, SE6—tonal memory.
Sherman—Knight Test
SK1-—timbre of instruments, SK2-selective attention to a melody of designated instrument 1,
SK3-—rhythm identification,

SK5—ensemble identification.

Musical Aptitude Profile Test

Musical sensitivity : MAI—phrasing,
Absolute Pitch Test—AP1.
Detection of Pitch Deviation Test—DV1.

MA2—balance,
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EXPERIMENT 3

Cerebral Hemispheric Dominance for Various Types of Melodies

The purpose of Experiment 3 was to investigate the effects of the level of musical expe-
rience and the associated encoding or processing strategies on cerebral hemispheric
dominance in the processing of stimulus melodies.

There have been many studies designed to investigate the relation of each cerebral
hemisphere to the processing of musical materials, but the results were not consistent with
each other, as described below : Musical stimuli are processed in the right hemisphere
(Damasio, Almeida, & Damasio, 1975 ; Kimura, 1964, 1967, 1968, 1973 ; Mckee, Hum-
phrey, & McAdam, 1973 ; Milner, 1962 ; Shankweiler, 1966 ; Spellacy, 1970). During the
detection of some tones from a familiar melody, the right hemisphere is dominant (Gates &
Bradshaw, 1977a,b). There is no cerebral hemispheric dominance for Western melodies
among highly musically trained subjects (Gordon, 1970). Singing ability is related to the
right hemisphere (Bogen & Gordon, 1971). Recognition of musical chords is also related to
the right hemisphere (Gordon, 1978 ; see Gordon, 1980, 1983). If a serial or sequential
processing strategy is employed, the stimuli are processed in the left hemisphere, but if a
parallel or simultaneous processing strategy is employed, the stimuli are processed in the
right hemisphere (Cohen, 1973 ; Ohgishi, 1978). In the analytic processing strategy,
stimuli are processed in the left hemisphere, while in synthetic processing strategy, they
are processed in the right hemisphere (Locke & Kellar, 1973). A verbal processing system,
which is specializéd for speech and abstract information, may be primarily a left hemi-

sphere function, while a visual processing system, which is more adept with spatial and
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concrete information, might be predominantly associated with the right hemisphere (Bower,
1970). In subjects well trained in music, a quite familiar musical stimulus is processed by
the analytical processing strategy in left hemisphere, whereas, in subjects less well trained
in music, musical stimulus is processed by the global processing strategy in the right

hemisphere (Bever & Chiarello, 1974).

In Experiment 3, all subjects underwent a Numerals Test prior to each experiment. In
this test, pairs of numerals were presented to a subject dichotically, employing the Broad-
bent technique (Broadbent, 1954) with Kimura's modifications (Kimura, 1961, 1963). Each
trial consisted of three pairs of aurally presented numerals from 1 to 9 delivered in a male
voice, with the two different numerals in the pair arriving at the two ears simultaneously
(Figure 3-1). After each trial (total of six numerals), the subject was asked to report all the
numerals he had heard, in any order he liked. A total of 28 trials (168 numerals) were
presented to each subject, so that maximum score for each ear was 84. If the score for the
right ear was significantly higher than that for the left ear, the left hemisphere was consid-

ered to be dominant for the verbal stimuli.

Left Ear Right Ear
A T 5
-
\ 05sec 1/

Figure 3-1.
Paradigm for dichotic presentation of numerals : Two numerals in each of
three pairs are presented simultaneously for 1.0 sec to each ear, and three

pairs are presented in succession separated by 0.5-sec silence.
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EXPERIMENT 3-1

Cerebral hemispheric dominance for Western melodies

Method

Subjects

The highly musically trained group (Group H) consisted of 14 female subjects (average
age, 21.0 years ; age range, 19-22 years) who were undergraduates majoring in music.
Each had had at least 12 years of formal training in playing the piano, with an average of
13.6 years (range, 12-17 years).

The less well musically trained group (Group L) consisted of 14 female subjects (aver—
age age, 20.4 years ; age range, 19-22 years) who were undergraduates majoring in educa-

tion or psychology. None were currently playing a musical instrument, and their musical

experience on an instrument averaged 1.1 years (range, 0-2 years).

All subjects in Groups H and L were determined to be right—handed using the 10-item
questionnaire developed by Hatta & Nakatsuka (1975), and none had hearing difficulties of
which they were aware. Moreover, in the results of the Numerals Test, the score for the
right ear in each subject was higher than that for the left ear, and, in both groups it was

found that the left hemisphere was the dominant hemisphere for verbal stimuli.

Materials and Procedure
Eighty melodies were chosen from etude books for violin, and the tones of the melodies

were generated by an NEC PC-8801 MK2 computer (Mikumo, 1987b, 1991b). Each |
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melody was major or minor, and was a four-bar motif with the tempo arranged to be 6.0
sec in duration. After a warning signal of two binaural tones, two of the melodies
matched for key, rhythm and pitch range were presented simultaneously, one to each ear,
using a SONY dual-channel tape recorder and SENNHEISER stereo headphones
(HD414x). After presentation of the dichotic melodies, these two melodies and two addi-
tional melodies were presented binaurally, in succession with intervals of 3.0 sec. These
four binaural melodies were also matched for key, rhythm and pitch range, from G,
(196.0Hz) to G, (784.0Hz). Kimura (1964) and Gordon (1970) technique was employed in
Experiment 3 (Figure 3—2).

The subjects were instructed to select the two dichotic melodies from among the four
binaurally presented melodies and to check the two corresponding boxes on an answer
sheet during the 15.0-sec interval between trials. The positions of the two original melo-
dies among the four choices were counterbalanced between trials and between subjects.
Two practice trials with feedback were given to the subjects prior to the total of 18 test
trials. Maximum score for each ear was 18. Each channel of the tape recorder was set at a
comfortable standard volume. In half of the subjects in each group, the headphone chan-
nels were reversed so that any remaining asymmetries in the tape or apparatus were coun-

terbalanced.

Results and Discussion

Recognition probability data were analyzed in a two-way analysis of variance [ 2
Groups X 2 Ears ], with repeated measures on the second factor. There was a significant
main effect of Group [ F(1,26)=5.61, p<.05 ], but there was no significant main effect of

Ear, and no significant interaction of Group X Ear. The results are shown in Figure 3-3.
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The main effect of Group indicates that the performance of Group H was superior to that of
Group L, but in both groups there was no difference between the scores for the two ears.
These results suggest that there was not cerebral hemispheric dominance for Western

melodies in either group, and are consistent with the findings of Gordon (1970).

The purpose of this experiment was to investigate whether musical experience had an
effect on cerebral hemispheric function for processing melodies. There were two points for
improvement in this experiment. One of them was the degree of familiarity with the stimuli,
specifically, to what extent the subjects in each group were familiar with melodies such as
those used in this experiment. Even the subjects in Group L must have often come across
these sorts of tonal melodies. To investigate the effect of musical experience, it would be
necessary to employ stimuli which are quite familiar to one group and quite unfamiliar to
the other. This point was investigated in Experiment 3-2.

The other point for improvement was the quality of the melodies. In this experiment,
these Western melodies included two musical factors: pitch and rhythm. In a lobectomy
study (Milner, 1962) with the Seashore Test of Musical Ability (1919, 1960), Milner found
that the right hemisphere was considerably concerned with Melody and Timbre subtests
and somewhat concerned with Pitch and Loudness subtests, but was little concerned with
Time and Rhythm subtests. From this point of view, it would be considered that the non-
superiority of either ear observed in this experiment is due to the rhythmic aspect rather
than pitch aspect. When the subjects selected the correct melodies from among the four
choices, they would notice the rhythmic patterns unique to each of the dichotic pairs rather
than the pitch differences. To investigate the effect of musical experience on cerebral
hemispheric dominance for melodies, it would be necessary to control the factors of melo~

dies. This point was investigated in Experiments 3-3 and 3-4.
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WARNING SIGNAL
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: \35. v
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3s. [V A i
Figure 3-2.

Paradigm for dichotic presentation of melodies : Two melodies are
presented simultaneously for 6.0 sec to each ear (dichotically) fol-

lowed by four successive melodies presented to both ears (binaurally),
each separated by 3.0-sec silence.
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EXPERIMENT 3-2

Cerebral hemispheric dominance for Japanese melodies

Method

Subjects

The highly trained group in Japanese music (Group J) consisted of six Japanese female
subjects (average age, 21.4 years ; age range, 20-23 years). Each had had at least 7 years of
formal training in playing the koto with an average of 8.7 years (range, 7-11 years).

The less well trained group in Japanese music (Group F) consisted of six foreign female
subjects (average age,22.3 years ; age range, 21-24 years). They have been in Japan for 4
years at most (average years, 2.8 ; range, 1-4 years), and none were interested in Japanese
music.

All subjects in Groups J and F were right-handed, and none had hearing difficulties.
Moreover, in the results of the Numerals Test, the score for the right ear in each subject was
higher than that for the left ear, and, in both groups it was found that the left hemisphere

was the dominant hemisphere for verbal stimuli.

Materials and Procedure

Eighty melodies were chosen from Japanese folk song books, and the tones of melodies
were generated by a personal computer (Mikumo, 1987b, 1991b). Each melody consisted
of a Japanese scalé, and was a four—bar motif with the tempo arranged to be 6.0 sec in

duration. Other aspects of the method were the same as those described in Experiment 3-1.
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Results and Discussion

Recognition probability data were analyzed in a two—way analysis of variance [ 2
Groups X 2 Ears ], with repeated measures on the second factor. There was a significant
main effect of Group [ F(1,10)=5.95, p<.05 ], and there was significant interaction of Group
X Ear [ F(1,10)=32.98, p<.001 ]. The results are shown in Figure 3-4. The main effect of
Group indicates that the performance of Group J was superior to that of Group F, and the
interaction of Group X Ear indicates that the score for the right ear was significantly higher
than that for the left ear in Group J (p<.01 by Newman-Keuls method), whereas the score
for the left ear was significantly higher than that for the right ear in Group F (p<.05).

These results suggest that, for Group J, the left hemisphere was dominant for Japanese
 melodies, whereas for Group F, the right hemisphere was dominant for Japanese melodies.
That is, the melodies familiar to the subjects in Group J were processed in their left hemi-
sphere, whereas, the melodies unfamiliar to the subjects in Group F were processed in their
right hemisphere, indicating that the subjects in each group employed different types of
encoding or processing strategies for Japanese melodies. The subjects in Group J might
employ the analytical processing strategy for the familiar melodies, and the subjects in
Group F might employ the global processing strategy for the unfamiliar melodies. Howev-
er, from these results, information concerning encoding or processing strategies cannot be
obtained. In Experiments 3-3 and 3-4, the relationship between cerebral hemispheric

dominance and encoding strategy for melodies was investigated.
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Mean probability of correct recognition for the right and left ears in Groups
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EXPERIMENT 3-3

Cerebral hemispheric dominance for tonal and atonal melodies

Method

Subjects

Thirteen female subjects (average age, 21.8 years ; age range, 20-23 years) who were
undergraduates majoring in music constituted the highly musically trained group (Group
H). Each had had at least 13 years of formal training in playing the piano with an average
of 15.8 years (range, 13-19 years).

Thirteen female subjects (average age, 21.7 years ; age range, 20-23 years) who were
undergraduates majoring in domestic science constituted the less well musically trained
group (Group L). None were currently playing a musical instrument, and their musical
experience on an instrument averaged 2.4 years (range, 0-4 years).

All subjects in Groups H and L were right—handed, and none had hearing difficulties of
which they were aware. Moreover, in the results of the Numerals Test, the score for the
right ear in each subject was higher than that for the left ear, and, in both groups, it was

found that the left hemisphere was the hemisphere dominant for verbal stimuli.

Materials and Procedure
Fifty-six tonal melodies and fifth-six atonal melodies were prepared (Mikumo, 1993b).
Both the tonal and atonal melodies consisted of eight tones taken from an equal-tempera—

ment scale, which ranged from G,(196.0 HZ) to E, (659.26 HZ). The tonal melodies were
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in a major key, and were high in tonal melodic structure, according to conventional West~
ern rules, whereas the atonal melodies were low in tonal melodic structure. Both types of
melodies involved a wide variety of contours. The duration of each tone was 700 msec
(600 msec with 100-msec silence), so that the length of the 8-tone melody was 5.6 sec.
All tones were generated by an NEC PC-9801 26K sound synthesizer board installed in an
NEC PC-9801 DA computer.

After a warning signal of two binaural tones, two of the melodies were presented simul-
taneously, one to each ear, by a DENON digital audio dual-channel tape recorder (DTR-
80P) and DENON stereo headphones (AH-D410). After the dichotic melodies, these two
melodies and two additional melodies were presented binaurally, in succession with inter—
vals of 3.0 sec. The dichotic and binaural pairs were arranged using a CANOPUS Sound
Master/V with sampling frequency of 16 KHz. Two practice trials with feedback were
given to the subjects prior to a total of 12 test trials, so that the maximum score for each ear

was 12. Other aspects of method were the same as those described in Experiment 3-1.

Results and Discussion

Recognition probability data for Groups H and L were analyzed in a two—way analysis
of variance [ 2 Melody Types X 2 Ears ], with repeated measures on both factors. In Group
H (Figure 3-5(a)), there was a significant main effect of Melody Type [ F(1,12)=28.69,
p<.001], and there was a significant interaction of Melody Type X Ear [ F(1,12)=37.62,
p<.001 ]. The main effect of Melody Type indicates that the performance was better with
tonal melodies than with atonal melodies. The interaction of Melody Type X Ear indicates
that, in tonal melodies, the score for the right ear was better than that for the left ear

(p<.01), whereas in atonal melodies, the score for the left ear was better than that for the
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right ear (p<.01).

The results suggest that the tonal melodies were processed significantly better in the left
hemisphere than in the right, whereas, the atonal melodies were processed significantly
better in the right hemisphere than in the left. It was well recognized that the left hemi-
sphere is specialized with respect to verbal abilities, and the right hemisphere is adapted to
non-verbal tasks (cf. Brbwn, 1979 ; Corballis & Beale, 1976 ; Gardner, 1964 ; Gazzaniga
& LeDoux, 1978 ; Geschwind & Levitsky, 1968 ; Lebrun & Zangwill, 1981 ; Norman,
1986 ; Scheid & Eccles, 1973 ; Sperry, 1982 ; Springer & Deutsch, 1985). Moreover, as
found in Experiment 1, for Group H, with the high tonal structure, the pitches were readily
encoded as their note names, whereas with the low tonal structure, they were not as readily
encoded. Therefore, the results for Group H in Experiment 3-3 are interpreted that the tonal
melodies, which are actually non-verbal stimuli in themselves but are "note name-evok-
ing" stimuli, would be processed as verbal stimuli in the left hemisphere, and the atonal
melodies would be processed as non-verbal stimuli in the right hemisphere. Thus, when the
subjects in Group H memorize the tonal melodies, they would employ the verbal encoding

strategy with note names.

In Group L (Figure 3-5(b)), there were significant main effects of Melody Type and Ear
[ F(1,12)=13.85, p<.01 ; F(1,12)=6.37, p<.05 ]. There was no significant interaction of
Melody Type X Ear. The main effect of Melody Type are consistent with the findings as
observed in Group H. The main effect of Ear indicates that, in both melodies, the score
for the left ear was better than that for the right ear. The results suggest that the tonal and
atonal melodies were processed better in the right hemisphere than in the left. Therefore,
the results for Group L in this experiment suggest that the tonal and atonal melodies would

be processed as non—verbal stimuli in the right hemisphere.
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EXPERIMENT 3-4

Cerebral hemispheric dominance for tonal and atonal melodies

along with note names

Method

Subjects

The same subjects as those in Experiment 3-3 were employed.

Materials and Procedure

Fifty—six tonal melodies and fifth—six atonal melodies were prepared (Mikumo, 1993b).
Both the tonal and atonal melodies consisted of eight tones along with note names. These
melodies were constructed as follows : Twelve pitches sung with note names at accurate
pitches in a professional female voice were first recorded (A,=220.00, B,=246.94,
C,=261.63, D,=293.66, E,=329.63, F,=349.23, G,=392.00, A,=440.00, B,=493.88,
C,=523.25, D,=587.33, E;=659.26 Hz). Each of them was then cut to 600 msec, and eight
pitches were chosen and were arranged serially, separated by 100 msec, for either tonal or
atonal structure. These melodies, and then the dichotic and binaural pairs, were arranged
using a CANOPUS Sound Master/V with sampling frequency of 32 KHz. Other aspects of

the method were the same as those in Experiment 3-3.
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Results and Discussion

Recognition probability data for Groups H and L were analyzed in a two—way analysis
of variance [ 2 Melody Types X 2 Ears ], with repeated measures on both factors. In Group
H (Figure 3-6(a)), there were significant main effects of Melody Type and Ear |
F(1,12)=13.31, p<.01 ; F(1,12)=99.36, p<.001 ], and there was no significant interaction of
Melody Type X Ear. The main effect of Ear indicates that the score for the right ear was
better than that for left ear for both melody types.

The results suggest that the tonal and even atonal melodies were processed significantly
better in the left hemisphere than in the right. The stimuli in this experiment were the
melodies sung with note names at accurate pitches, so that the subjects were given the
verbal code at the same time and it was not necessary to encode pitches as verbal codes
(note names) by themselves. Therefore, the subjects could encode pitches not only in tonal

melodies but also in atonal melodies as verbal codes (note names).

In Group L (Figure 3-6(b)), there was a significant main effect of Melody Type [
F(1,12)=22.89, p<.001 ]. When the melodies were given with note names, there was no
difference between the scores for the two ears, i.e., there was no difference between the
performance of the two hemispheres. This findings would suggest that the subjects at-

tempted to use the verbal codes given, but they could not utilize them satisfactorily.
In Experiments 3-3 and 34, it was found that in the subjects in Group H, for not only

tonal melodies but also atonal melodies, when there was a possibility that the pitches were

encoded as note names, these melodies were processed in the left hemisphere.

78



These findings are accounted for well by a conclusion proposed by Seamon (1973) and
Seamon and Gazzaniga (1973), that, when stimuli are encoded verbally and the codes are
rehearsed, the left hemisphere is dominant for the processing, whereas, when the stimuli are
encoded by the use of imagery, the right hemisphere is dominant for the processing ; that is,
varying the encoding strategy can produce reversal of the dominant hemisphere for the
stimuli (cf. Hatta, 1982 ; Silverberg, Bentin, Gaziel, Obler, & Albert, 1979 ; Silverberg,
Gordon, Pollack, & Bentin, 1980 ; Yoshizaki, 1986). This phenomenon resembles the

shifts found when visual material is coded verbally (Cohen, 1977).
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EXPERIMENT 4

Representations of Melodic Contour and Staff Notation

In Experiment 1, it was found that melodic contour was a dominant cue for melody
recognition. Many subjects, especially subjects less well trained in music, are likely to
encode the pitch sequence of a short melody as a melodic contour. On the assumption that
various visual and auditory contours are perceived in broadly similar ways, there is a possi—~
bility that subjects would visualize an auditory contour (auditory imagery), which may be
acquired from the pitch sequence of the stimulus, as a visual contour (visual imagery).
Some highly musically trained subjects reported (Chapterl) that they imaged staff notation
rather than melodic contour. The purpose of Experiment 4 was to investigate whether the
visualizing strategies were employed to encode pitches. This intermodal analogy may be
achieved by regarding the visual abscissa as auditory time and the visual ordinate as the
pitch height of the tone.

In the preliminary demonstration (Chapter 1), subjects reported that the visualization of
auditory imagery as visual imagery of contour or notation did not occur simultaneously but
successively ; they did not image the total configuration of the contour or notation at the
same time, but from the left to the right of the configuration little by little, analogous to
reading a staff notation. Subjects also reported that, to retain their images, they either re-
hearsed the visual image or, once the visual image was constructed (Hebb (1968) proposed
that eye movements are supposed to be necessary for image construction), they tracked or

scanned it (e.g., Kosslyn, 1973, 1975, 1980 ; Neisser, 1967).
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Considering these subjects' reports, in Experiment 4, a visual tracking task was prepared,
which is analogous to tracking the visual image, and was interpolated during the retention
interval between standard and comparison melodies (Mikumo, 1993a). Subjects were re—~
quired to judge whether the standard and comparison melodies were the same or different
and to track the visual task. The visual tracking task included some lure patterns, there-
fore,it was hypothesized that the subject's involuntary matching between visual task-
tracking and mental image—-tracking would occur during the retention interval (see Brooks,
1968). Thus, facilitation by the correct visual patterns and disruption by the lure patterns®
of the recognition performance compared to that in the control condition of blank-retention
interval patterns would imply that the subjects had retained accurate visual representations
for auditory information, and that the visualizing strategy is effective for encoding pitches

of melodies.

Method

Subjects

Twelve female subjects (average age, 22.4 years ; age range, 19-24 years) who were
undergraduate and graduate students majoring in music constituted the highly musically
trained group (Group H). Each had had at least 15 years of formal training in playing the
piano, with an average of 16.2 years (range, 15-19 years).

Twelve female subjects (average age, 21.8 years ; age range, 19-23 years) who were
undergraduate and graduate students majoring in education or psychology constituted the
less well musically trained group (Group L). None were currently playing a musical in-
strument, and theirh musical experience on an instrument averaged 3.4 years (range, 0-5

years).
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Materials

Each trial involved a standard series followed by a retention interval and then by a
comparison series. Both the standard and comparison series consisted of eight tones taken
from an equal-temperament scale, which ranged from A, (220.0 Hz) to E; (659.26 Hz).
The duration of each tone was 700 msec (600 msec with 100—msec silence), so that the
length of the 8—tone series was 5.6 sec.

For this experiment, three lists were prepared ; one list was used for one visual condition
described below, and each list involved 32 trials. Half of them (16 trials) were tonal melo-
dies in a major key, and were high in tonal melodic structure according to conventional
Western rules. The other half (16 trials) were atonal melodies, and were low in tonal
melodic structure were used. Both types of melodies involved a wide variety of contours.
Half of the comparison series were exactly the same as the standard series, and the other
half were different from the standard.

Either of two visual tracking conditions, Staff Notation and Melodic Contour, was inter—
polated during the retention interval between the standard and the comparison series. The
Staff Notation consisted of a series of eight musical notes on a staff without a G clef, and
was presented on a computer display. The eight notes appeared successively from the left to
the right with a constant space interval of about 2.5 cm on the staff (line interval : 2.0 cm).
The Melodic Contour was an ascending and descending pattern of melody, and was repre—
sented as eight circles with a diameter of 0.5 cm connected by seven line segments™®, which
also appeared successively from the left to the right on the computer display.

Each visual tracking condition included four patterns. "Pause"” pattern (P) indicates a
blank retention interval. "Same" pattern (S) indicates that the movement of the notes or
circle was exactly.the same as that of the 8-tone standard series ; the visual distances

between the notes or circles exactly corresponded to the auditory pitch intervals. "Con-
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tour—preserving" pattern (C) was obtained by changing one of the pitches by two semitones
(higher or lower), so that the exact melodic intervals were not preserved, but with preserva-
tion of the contour of the standard series ; the visual distances between the notes or circles
were somewhat different from the auditory pitch intervals. "Retrograde" pattern (R) was
obtained by reversing the order of pitches of the standard series, so that neither the melodic
intervals nor the contour were completely preserved ; the visual distances between the
notes or circles were completely different from the auditory pitch intervals.

In the visual tracking task, the eight notes or eight circles appeared successively with a
constant duration of 500 msec® in a series, and the series (4.0 sec) was repeated three times
during the retention interval. Therefore, each trial involved a 5.6-sec standard series fol-
lowed by a 2.0- sec interval, a 12.0~sec visual tracking task, a 2.0-sec interval, and then a
5.6-sec comparison series.

The tones of the standard and comparison series were generated by an NEC PC-9801
26K sound synthesizer board installed in an NEC PC-9801 DA personal computer, record—
ed on tape, and presented over high—quality sound reproduction equipment (DENON digi-

tal audio tape recorder DTR-80P).

Procedure

Each subject sat in front of a personal computer and wore headphones, and all tones
were adjusted to be equal in loudness. In half of the subjects began, the Staff Notation
condition preceded the Melodic Contour condition, and in the other half the Melodic
Contour condition preceded the Staff Notation condition. The subjects were instructed that
this was an experiment on memory for melodies, and that in each of the 32 trials in each
visual condition, they would first hear a trial number, then a first melody (standard series),
followed by a visual tracking task in which 24 notes or circles would appear corresponding

to three times the 8—tone first melody, and then a second melody (comparison series). The
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subjects were required to judge whether the two melodies were the same or different in
pitch, and to indicate their judgments by writing "S" (Same) or "D" (Different) on an
answer sheet. The subjects were also instructed that they should track the movement of
notes or circles presented during the retention interval but should not employ any motor
encoding strategy analogous to playing the piano. The second condition was performed
thirty minutes after the first condition. Three practice trials with feedback were given to the
subjects prior to the 32 trials ; the interval between trials was 15 sec.

In each visual tracking condition in this experiment, there were 16 tonal trials and 16
atonal trials. In both types of melodies, four trials were run for each pattern. The four pat—
terns (P, S, C, R) of the visual condition were alternated, and the order of presentation of all
32 trials was randomized. As described above, for this experiment, three lists were pre—
pared, and each list involved 32 trials. These lists were counterbalanced between subjects to
minimize the differences among the trials in each pattern under the two visual conditions in

difficulty.

Results and Discussion

The results in Groups H and L are shown in Figure 4. Recognition probability data (hit
rate plus correct rejection rate)v were analyzed in a four-way analysis of variance [ 2
Groups X 2 Visual Conditions X 2 Melody Types X 4 Visual Patterns ], with repeated
measures on the second, third and fourth factors. There were significant main effects of
Group, Melody Type and Visual Pattern [ F(1,22)=38.49, p<.001 ; F(1,22)=64.20, p<.001 ;
F(3,66)=4.00, p<.05 ]. There were significant interactions of Group X Melody Type, Group
X Visual Pattern and Group X Visual Condition X Visual Pattern [ F(1,22)=4.52, p<.05 ;
F(3,66)=4.75, p<.01 ; F(3,66)=2.74, p<.05 ]. The main effect of Group indicates that the

86



performance of Group H was consistently superior to that of Group L. The main effect of
Melody Type indicates that the recognition probability with tonal melodies was higher than
that with atonal melodies. The main effect of Visual Pattern indicates that there were signif-
icant differences among the recognition probabilities in four visual patterns.

To obtain detailed results concerning the interactions in the four-way analysis present-
ed above, recognition probability data for Groups H and L. were analyzed in a three-way
analysis of variance [ 2 Visual Conditions X 2 Melody Types X 4 Visual Patterns ], with
repeated measures on all three factors. For Group H, there was a significant main effect of
Melody Type [ F(1,11)=70.52, p<.001 ], and there was a marginal interaction of Visual
Condition X Visual Pattern [ F(3,33)=2.49, p=.076 ]. For Groub L, there were significant
main effects of Melody Type and Visual Pattern [ F(1,11)=13.53, p<.01 ; F(3,33)=6.29,
p<.01]. The interaction of Group X Melody Type in the four-way analysis indicates that
the difference between the performance with tonal and atonal melodies in Group H
(p<.001) was greater than that in Group L (p<.01). The marginal interaction of Visual
Condition X Visual Pattern in Group H indicates that, when Staff Notation was interpolated
during the retention interval, the performance for C was significantly lower than that for S
(p<.01), R and P (both p<.05), whereas, when Melodic Contour was interpolated, there
were no significant differences among the visual patterns (by Newman-Keuls method). The
main effect of Visual Pattern in Group L indicates that, the performance for R was signifi-

cantly lower than that for C, S, and P (all p<.05).

The results suggest that, for Group H in Staff Notation condition, visual tracking of S
pattern somewhat facilitated the recognition performance, whereas tracking of C pattern
significantly disrupted the performance compared to that with the control pattern of P ; S
was compatible with the subject's visual image but C was incompatible with it. The results

imply that the subjects had retained an accurate representation of staff notations ; that is, the
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visual distance between notes in their internal representations precisely reflected the audito~
ry pitch intervals of the standard melodies. Visualization of auditory imagery as staff nota—
tions would be an effective strategy to encode the pitches of melodies. Although R was
completely different from the standard series, the performance was as good as that in P,
implying that the subjects would be diverting attention away from the R pattern and
employing not visualization but another strategy. More detailed evidence for this hypothe-
sis was obtained in the study of eye movements in Experiment 5.

For Group H in Melodic Contour condition, compared to the control pattern of P, there
were no significant differences among the four visual patterns, i.e., the performance was not
influenced by any visual tracking patterns in Melodic Contour. This result implies that
these subjects had not retained visual representation of melodic contours as used in this
experiment, and that in these subjects visualization of auditory imagery as melodic contours

would be an ineffectual strategy to encode pitches.

On the other hand, for Group L in both visual conditions, the recognition performance in
S and C patterns were somewhat better than, or were as good as, that in the control pattern
P, whereas tracking of R pattern significantly disrupted the performance compared to that
in P pattern ; S and C patterns were compatible with the subject's visual images but R
pattern was completely incompatible with it. The similarity of the recognition performance
in both visual fracking conditions would imply that the subjects abstract the melodic con-
tour from the note sequence in the Staff Notation condition. These results imply that, in
both visual tracking conditions, the subjects had retained visual representations of melodic
contours but with decreased accuracy, since their performance was not influenced by the C
visual tracking pattern ; that is, the visual distance between notes or circles in their internal
representations roughly reflected the auditory pitch intervals of the standard melodies.

Visualization of auditory imagery as melodic contours would be to some extent an effective
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strategy for encoding pitches of melodies. The findings support the view that untrained
subjects do not find contour recognition much more difficult than trained subjects (e.g.,
Bartlett & Dowling, 1980), but find pitch interval recognition more difficult (e.g., Cuddy &
Cohen, 1976 ; Bartlett & Dowling, 1980).

Davies and Jennings (1977) reported that musically unsophisticated listeners can make
fairly accurate drawings of the contours of melodies they have just heard.

The findings in Experiment 4 are consistent with those in Experiment 1 : whereas the
subjects in Group H were able to encode pitches as accurate notes on a staff, the subjects in
Group L encoded the pitch sequence as a contour. It is quite evident that there is an inter—
modal analogy between the perception of pitch relationships and that of relationships in
visual space.

In this experiment, some subjects muttered the pitches or the note names to themselves
in a whisper during the visual tracking task. It was hypothesized that some subjects would
attempt to employ a dual encoding strategy ; for example, a pitch rehearsal or verbal encod-
ing strategy along with the visual encoding strategy. This hypothesize was investigated in
Experiment 6.

Visual imagery is identified as one component of a working memory system (cf. Badde-
ley, 1986, 1990 ; Baddeley & Lieberman, 1980). Baddeley (1986) proposed that an eye
movement system may be used to rehearse and maintain the image ; therefore the purpose

of Experiment 5 was to investigate the eye movement system during a visual tracking task.
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(3) In this case, visual task—tracking interferes with mental image—tracking. The concep-
tual design of this task is similar to that of Brooks's image scanning task, in which a visual

task is proposed to interfere with a visual image (Brooks, 1968).
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PROBABILITY

RECOGNITION

(4) Melodic Contour was designed to consist of not only seven line segments but also
eight small circles, which appeared as the corners of the melodic contour corresponding to
the eight notes. The circles were included because Baker and Loeb (1973) have provided
some support for the importance of corners in visual perception ; they recorded eye
movements and found that their observers fixated for longer periods on the corners of the

patterns than on the other parts.

(5) Various durations were presented in the preliminary experiment, and subjects re-

sponses indicated that 500 msec was the most appropriate duration for visual tracking.

% %
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_ . e STAFF NOTATION
O CONTOUR
80| @@% 80}
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P S C R P S C R

VISUAL TRACKING PATTERN

Figure 4.
Mean probability of correct recognition (hit rate plus correct rejection
rate) for the four visual tracking patterns (P, S, C, R) in Staff Notation and
Melodic Contour conditions in Groups H and L.

Notes.
P : Pause, S : Same (as the standard series),

C : Contour-preserving, R : Retrograde.
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EXPERIMENT 5

Eye Tracking of Visual Representations

Baddeley (1986) obtained evidence that concurrent eye movements had a considerably
disruptive effect on performance in the formation and utilization of a visuo-spatial image.
Therefore, Baddeley proposed the possibility that eye movements reflect a process involved
in rehearsing or maintaining the image, in a way analogous to that in which articulation is
assumed to maintain the phonological short-term trace. His result would be indirect evi-
dence that the eye movement system is used to rehearse and maintain the visuo-spatial
image. Hebb (1968) has proposed that eye movements have an essential organizing func-

tion in visuo—spatial image.

In Experiment 5, in which the method was almost the same as that in Experiment 4, the
eye movements during the retention interval between the standard and comparison melo—
dies were recorded using an eyemark recorder. The visual tracking task interpolated during
the retention interval was prepared as the external representation analogous to tracking the
visual image which would be constructed by the auditory information of the standard
melody. There is a reciprocal relationship between the processing of external (percepts)
and internal (imagery) stimuli (Marks, 1973). Subjects were required to make a recognition
judgment of melodies and to track the visual task. The visual tracking task included some
lure patterns, therefore, it was hypothesized that the subject's involuntary matching between
the visual task—tracking and mental image—tracking would occur during the retention inter-

val (cf. Brooks, 1968). Thus, accurate visual tracking in response to the correct visual
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patterns, and deviated, confused or backward visual tracking in response to the lure visual
patterns® would imply that the subjects had retained accurate visual representations for

auditory information, and that they precisely tracked their visual image during visualizing.

Method

Subjects

Six female subjects (average age, 21.9 years ; age range, 19-23 years) who were under—
graduate and graduate students majoring in music constituted the highly musically trained
group (Group H). Each had had at least 15 years of formal training in playing the piano,
with an average of 16.9 years (range, 15-19 years).

Six female subjects (average age, 22.1 years ; age range, 20-24 years) who were under~
graduate and graduate students majoring in psychology constituted the less well musically
trained group (Group L). None were currently playing a musical instrument, and their
musical experience on an instrument averaged 2.5 years (range, 0-4 years).

All subjects had good eyesight without glasses or contact lenses. None of the subjects

were those employed in Experiment 4.

Materials

Each trial involved a standard series followed by a retention interval with a visual track-
ing task and then by a comparison series. Both the standard and comparison series consisted
of eight tones. For this experiment, two visual tracking conditions were prepared, and each
condition involved 12 trials. Half of them (6 trials) were tonal melodies in a major key, and
the other half (6 triéls) were atonal melodies. Of the comparison series, half were exactly

the same as the standard series, and the other half were different from the standard.
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Either of two visual tracking conditions was interpolated during the retention interval.
The Staff Notation condition consisted of a series of eight musical notes on a staff. The
eight notes appeared successively from the left to the right on a computer display. The
Melodic Contour condition was an ascending and descending pattern of melody, and
consisting of eight circles with a diameter of 0.5 cm connected by seven line segments®,
The eight circles and the seven line segments also appeared successively from the left to the
right on a computer display.

Each visual tracking condition included three patterns. "Same" pattern (S) indicated that
the movement of the circle was exactly the same as that of the 8-tone standard series ; the
visual distances between the notes or circles exactly corresponded to the auditory pitch
intervals. "Contour—preserving" pattern (C) was obtained by changing two pitches, but
preserving the contour of the standard series ; the visual distances between the notes or
circles were somewhat different from the auditory pitch intervals. "Retrograde" pattern (R)
was obtained by reversing the order of pitches of the standard series ; the visual distances
between the notes or circles were completely different from the auditory pitch intervals.
The order of presentation of all 12 trials in each condition was randomized.

In the visual tracking task, the eight notes or circles appeared successi\}ely with a con-
stant duration of 500 msec® in a series, and the series (4.0 sec) was repeated twice during
the retention interval. In the series, the subjects first saw one note or circle, followed by
notes or circles which were added one by one until they saw eight notes or circles ; a brief
blank interval was then interpolated, and the series was then repeated. Each trial involved a
5.6-sec standard series followed by a 2.0-sec interval, an 8.0-sec visual tracking task, a

2.0-sec interval, and then a 5.6—sec comparison series.
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Procedure
Each subject sat in front of a personal computer and wore the head unit® of an eye

mark recorder (NAC Eye Mark Recorder model EMR-600() ; the distance between the
computer display and the elliptical mirror unit was about 80 cm. All tones were adjusted to
be equal in loudness (approximately 50 dB SPL), and were presented via a loudspeaker.
Subjects were instructed that this was an experiment on memory for melodies, and that in
each of the 12 trials in each visual tracking condition, they would first see a trial number,
then hear a first melody (standard melody), followed by a visual tracking task in which 16
notes or circles would appear corresponding to twice the 8-tone first melody, and then a
second melody (comparison series). The interval between trials was 15 sec. The subject's
task was to judge whether the two melodies were the same or different in pitch and to
answer orally. The subjects were also instructed that they should track the movement of
notes or circles, but should not employ any motor encoding strategy analogous to playing
the piano. After fine adjustments were made to the head unit, the eyeball movement charac—
teristics for the individual subject were calibrated®. Three practice trials with feedback
were given to the subjects prior to the 12 trials in each condition. The other aspects of the

method were the same as those in Experiment 4.

Results and Discussion

In this experiment, the subjects were to judge whether the standard series and the
comparison series were the same or different in pitch ; however, the purpose of this exper—
iment was not to analyze the recognition probability, but to investigate the eye movements

during the retention interval.
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In the three patterns of two melody types in each condition, the eye-fixation duration on
each of 16 notes or 16 circles in the pattern corresponding to twice the 8—tone standard
series were measured. In each visual pattern, the fixation durations on eight notes or circles
in the latter half were available, because at the early stage of the retention interval, the
subjects' eye movements were not stable. In Figures 5-1 and 5-2, the average duration of
fixation as a function of the serial position in the latter half of each pattern is shown in each
group. The data were obtained from the subject's dominant eye. The samples of eye track—
ing data in the latter half of each pattern for the subjects in Groups H and L are also shown
in Figures 5-3 and 5-4. Fixation durations of more than 100 msec with visual angles of
less than 2.0 degree are marked by circles, and sequential fixations are connected by
straight lines ; no attempt has been made to preserve the original saccadic path. The num-

bers shown in parentheses in the text below correspond to those in Figures 5-1 to 5-4.

Either of the visual tracking conditions (Staff Notation or Melodic Contour) was interpo-
lated during the retention interval, while the subjects attempted to encode the pitches of the
standard series. When the 8 notes or 8 circles appeared at compatible points which were
consistent with the subject's internal visual representations, it was hypothesized that it
would be easier to track and fixate them, therefore, the fixation durations on them would
be longer, and there would be not marked differences among them. The notes or circles ap-
peared with a constant duration of 500 msec at each point, so that the fixation duration on
each point would be 500 msec at most. On the other hand, when some notes or circles ap-
peared at incompatible points which were inconsistent with the subject's internal visual
representations, it was hypothesized that either it would be difficult to track and fixate
them for a long duration, or, if the subjects showed a response to the novelty of the points,
then the fixation durations would be rather longer on the unexpected points than on the

others or backward tracking to the unexpected points would occur.
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For the subjects in Group H, in the Staff Notation condition (Figure 5-1), as a control
trial, eight notes were presented successively with a constant duration of 500 msec on a
staff without the standard and comparison melodies. The fixation duration on each of them
was about 250 msec.

For tonal melodies, in S (No.1, 2), in which all eight notes appeared at the exact posi-
tions on a staff as the pitches of the standard series, there were not marked differences
among the fixation durations on the eight notes. The duration on each of them was about
420 msec and was considerably longer than in the control trial, indicating that it was easy to
track and fixate all eight notes which appeared at expected positions.

In C, in which the fourth and sixth notes (No.3) or the second and fifth notes (No.4)
appeared at incorrect positions on a staff, the fixation durations were longer on these two
notes than on the others, indicating that the subjects were responding to the novelty of the
unexpected positions at which these two notes appeared. The eye tracking data (Figure 5-3)
revealed back-tracks® to the unexpected notes. The fixation durations on these two notes
included the re—fixation (back—track) duration. The results support the finding obtained in
Experiment 4 that recognition performance was disrupted by C pattern.

InR (No.5, 6), in which all eight notes appeared at incorrect positions on a staff, there
were not marked differences among the fixation durations on the eight notes. The duration
on each of them was about 160 msec (No.5) or 200 msec (No.6) and was shorter than in the
control trial, indicating that it was difficult to fixate all eight notes which appeared at
unexpected positions. The eye tracking data (Figure 5-3) revealed more unstable and
confused tracking (zigzag-track) in R than in the control trial. However, the recognition
performance in Experiment 4 was not markedly disrupted by R pattern, implying that the
staff notation which consisted of incorrect eight notes was so different from the standard
series that the subjects showed little concern about the precise positions where all eight

notes appeared. That is, since visualizing staff notation was interfered with R pattern, they
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might switch to another encoding strategy in a different modality.

For atonal melodies, in S (No.7, 8), there were not marked differences among the fixa—
tion durations on all eight notes. The duration on each of them was about 370 msec. In C, in
which the third and seventh notes (No.9) or the fifth and seventh notes (No.10) appeared at
incorrect positions on a staff, the fixation durations were longer on these two notes than on
the others. The eye tracking data (Figure 5-3) also revealed back-tracks to the unexpected
notes with atonal melodies. In R, there were not marked differences among the fixation
durations on all eight note (No.11) or on the third to eighth notes (No.12). The duration on
each of them was about 170 msec and was shorter than in the control trial. In S, C and R,
the fixation duration was consistently shorter than that with tonal melodies, but the pattern
was similar to that with tonal melodies.

These findings indicate that the subjects in Group H could visualize pitches as accurate
notes on a staff to encode pitches, and that they precisely tracked the internal visual repre—
sentations of notes. The visual distances between notes in their internal representations

precisely reflect the auditory pitch intervals of the standard melodies.

On the other hand, in the Melodic Contour condition (Figure 5~2), as a control trial,
eight circles connected by line segments were presented successively with a constant dura-
tion of 500 msec, without the standard and comparison melodies. The fixation duration on
each of them was about 290 msec and was somewhat longer than that in the Staff Notation
condition.

For tonal and atonal melodies, in S (No.1, 2, 7, 8), the visual distances between circles
were exactly the same as the auditory pitch intervals. In C, the fifth and sixth circles (No.3),
the third and seventh circles (No.4), the third and sixth circles (No.9), or the second and
sixth circles (No.10) appeared at somewhat deviated points from the exact points, and the

visual distances between circles were somewhat different from the auditory pitch intervals.
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In R (No. 5, 6, 11, 12), the visual distances between circles were completely different from
the auditory pitch intervals (No. 5, 12) or were somewhat similar to the auditory pitch
intervals (No. 6, 11).

In S, C and even R with tonal and atonal melodies, there were not marked differences
among the fixation durations on all eight circles in the pattern, and the duration on each of
them was about 300 msec, although in R with atonal melodies it was somewhat shorter than
in the other patterns. This would indicate that, whichever of these patterns appeared on the
computer display, the subjects could track well (Figure 5-4) and fixate the circles to the
same extent as in the control trial ; the subjects depended not on visualization of pitches as
the melodic contour but on another strategy in a different modality, although in atonal
melodies they somewhat depended on representations of melodic contours to encode pitch-
es. These results support the finding obtained in Experiment 4 that recognition performance
was not facilitated or disrupted by any pattern of visual tracking task in the Melodic Con-

tour condition.

For the subjects in Group L, in the Staff Notation condition (Figure 5~1), as a control
trial, eight notes were presented successively with a constant duration of 500 msec on a
staff, without the standard and comparison melodies. The fixation duration on each of them
was about 220 msec and was somewhat shorter than that in Group H.

For tonal and atonal melodies, in S (No.1, 2, 7, 8), there were not marked differences
among the fixation durations on the eight notes. The duration on each of them was about
300 msec for tonal melodies (No. 1, 2) and about 270 msec for atonal melodies (No.7, 8),
and somewhat longer than that in the control trial. In C, the fourth and sixth notes (No.3),
the second and fifth notes (No.4), the third and seventh notes (No.9), or the fifth and sev-

enth notes (No.10) appeared at incorrect positions on a staff, but there were not marked
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differences among the fixation durations on all eight notes, and they were almost the same
as those in S pattern. In R, the fixation durations on the second to eighth notes were con-
siderably shorter, when the melodic contour formed by the note sequence in the visual
tracking task was completely different from that of the standard melody (No. 5, 11) ; the
duration on each of them was less than 200 msec. However, when the melodic contour
formed by the note sequence in the visual tracking task was similar to that of the standard

melody (No. 6, 12), the fixation durations were relatively longer.

On the other hand, in the Melodic Contour condition (Figure 5-2), as a control trial,
eight circles were presented successively with a constant duration of 500 msec connecting
line segments without the standard and comparison melodies. The fixation duration on each
of them was about 290 msec and was almost the same as that in Group H.

For tonal and atonal melodies, in S (No.1, 2, 7, 8), there were not marked differences
among the fixation durations on all eight circles. The duration on each of them was about
320 msec. In C, the fifth and sixth circles (No.3), the third and seventh circles (No.4), the
third and sixth circles (No.9), or the second and sixth circles (No.10) appeared at somewhat
deviated points from the exact points, but there were not marked differences among the
fixation durations on the eight circles, and they were almost the same as those in S pattern.
In R (No.5, 6, 11, 12), the fixation durations on the second to eighth circles (No.5, 6, 12) or
on the fourth to eighth circles (No.11) were considerably shorter. The duration on each of

them was less than 200 msec.

In Group L, for either visual tracking condition with either melody type, there were not
marked differences among the fixation durations on all eight notes or circles in S, C or R.
The similarity of the fixation data in both visual tracking conditions would imply that the

subjects abstract the melodic contour from the note sequence in the Staff Notation condi-
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tion. The fixation durations on each note or circle in S and C were almost the same, indicat—
ing that in C pattern, in which the notes or circles appeared at somewhat deviated positions
from the standard melody, the subjects showed little concern about the small positional
deviations. On the other hand, the fixation durations on each note or circle were considera—
bly shorter in R than in S and C, indicating that the subjects' eye movements were consid—
erably disrupted by R pattern, in which the notes or circles appeared at completely different
positions from the standard melody. In both visual tracking conditions, the eye tracking
data in S and C patterns revealed smooth tracking movements, but that in R pattern re-
vealed zigzag tracks (Figures 5-3 and 5-4). Therefore, it was found that the subjects in
Group L depended considerably on the visualization of pitches as the melodic contour, and
that they roughly tracked their internal visual representations of the melodic contour. The
visual distances between notes or circles in their internal representations roughly reflect the
auditory pitch intervals of the standard melodies. These results support the finding obtained
in Experiment 4 that recognition performance was disrupted by R patterns in either visual

tracking condition.

Goolsby (1989) reviews the procedures and equipment used in previous eye movement

studies in music reading. When reading music, eye movements determine what portion of

the music notation is made available for cognitive processing by the reader, eye movements
determine the order in which this music notation is made available to the reader, and eye

movements determine the duration that this information is made available to the reader (

McConkie, 1983).
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Footnotes (3) (4) and (5)

see Experiment 4.

(6) The head unit, which is mounted on the subject's head, consists of an Eye Mark
Sensor unit for the detection of eye marks of both eyes, a Field Shooting Camera Head for
shooting of field view, an Elliptical Mirror Unit for collection and focusing of the light-
emitting diode (LED) light image reflected from the eyeball, and a Goggle Unit which
holds this head units.

(7) The system employs both an X-Y coordinate separated optical system with a rota-
tional ellipsoidal mirror and a special scanning MOS sensor for unique eye mark detection.
It can sample the eye mark data of both eyes at the resolution of 0.17-degree minimum
angle readout at the sampling frequency of 600 Hz. It has a high—quality sensor to detect

subject's head motion.

(8) Calibration is required to eliminate the measurement distortion due to differences

between subjects and optical distortion.

(9) More direct evidence has been obtained in studies of eye movements during reading.
Carpenter and Just (1977) noted that, in reading ambiguous sentences, the subjects' eyes
often back-tracked to precisely the source of ambiguity. The result was interpreted as

indicating that the subjects had retained an accurate spatial representation of at least the last

few words.
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Figure 5-1.

Average duration of fixation for Groups H and L as a function of the serial

position in the latter half of each pattern in the Staff Notation condition. In the

visual tracking task, black notes indicate that their positions are deviated from

the exact points.

102




Staff Notation

Al Fixation Duration
Standard Visu _
Melody Tracking Task ® Group H
O Group L
Tonal
Z msec
C g 500}
g 400}
p o (=]
3 © o © —® z 300
o © te [~ © © e
[ s
& 200
E 100 1 1 1 1 1 1 1 1
. 1 2 3 4 5 6 7 8
SERIAL POSITION
Tonal
Z msec
C S 500
é 400 |
4 O—x—© o *—o —o S . 300}
oo T o PN é
£~ 2 © Pt
= 2001
E 100 [ [ L 1 1 [ L [
= 1 2 3 4 5 6 7 8
SERIAL POSITION
Tonal
Z msec
R E 500}
g 400 |
a
S == o z 300}
o [») - [] 9
°© bd : 200}
E 100 H [l 1 1 1 1 L [
. 1 2 3 4 5 6 7 8
SERIAL POSITION
Tonal
Z msec
R g soo}
g 400}
a
6 09 o o > 9 o z 300} W
s | =t o —— =)
o - —e o
H = ./‘\.\'_.———.\N
= 200
E 100 1 1 1 1 1 L L ]
. 1 2 3 4 5 6 7 8
SERIAL POSITION

103




Staff Notation
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Melodic Contour
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Figure 5-2.
Average duration of fixation for Groups H and L as a function of the serial
position in the latter half of each pattern in the Melodic Contour condition. In
the visual tracking task, black circles indicate that their positions are deviated
from the exact points.
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Melodic Contour
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Melodic Contour
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Melodic Contour
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Staff Notation
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Figure 5-3.

Samples of eye tracking data in the latter half of each pattern for subjects in
Groups H and L in the Staff Notation condition. Fixation durations of more than
100 msec with visual angles of less than 2.0 degree are marked by circles, and
larger circles indicate that subjects fixated on the points for a longer duration.
Sequential fixations are connected by straight lines. Fixations are numbered to
show the order of occurrence on the scanpath. In the visual tracking task, black
notes indicate that their positions are deviated from the exact points.
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Melodic Contour
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Figure 5-4.

Samples of eye tracking data in the latter half of each pattern for subjects in
Groups H and L in the Melodic Contour condition. Fixation durations of more

than 100 msec with visual angles of less than are marked by circles, and larger

circles indicate that subjects fixated on the points for a longer duration. Sequen-

tial fixations are connected by straight lines. Fixations are numbered to show the

order of occurrence on the scanpath. In the visual tracking task, black circles
indicate that their positions are deviated from the exact points.
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EXPERIMENT 6

Acoustic, Verbal, and Visual Codes

In Experiment 1, highly musically trained subjects reported that they encode pitches of
atonal melodies as acoustic pitch codes by humming or mental rehearsal of pitches, where—
as they encode pitches of tonal melodies as note names accompanied by corresponding
pitches rather than as merely note names in 2 monotone. Thus, it is quite possible that they
employ a dual coding strategy to encode pitches of tonal melodies. Furthermore, in Exper—
iment 4, it was observed that some subjects rehearsed pitches or note names along with the
pitches of the standard melody during the visual tracking task. They reported that they often
visualized pitch information as melodic contours or staff notations, which were almost
always accompanied by pitch rehearsal or verbal rehearsal of note names along with
pitches. These findings suggest the further possibility that when subjects employed a visual-
izing strategy it was a dual or triple coding strategy, such as melodic contour accompanied

by pitch rehearsal (dual) or staff notation accompanied by pitch rehearsal with note names

(triple).

Bennett, Hausfeld, Reeve, and Smith (1978) reported that musicians may be able to use
any or all of pitch, naming or visual codes, depending on the situation at any time : thus,
when one code is assessed as likely to be ineffective, another alternate process is switched
in. Furthermore, subjects would be motivated to attempt to engage in covert rehearsal

(Muter, 1980) with multi-code sets.

119



In Experiment 6, some multi~distractor sets were prepared to interfere with the opera—
tion of such multi-code sets. The type of encoding strategy employed during the retention
interval was inferred from the disruptive effects of the multi-distractor sets on the recogni-
tion performance. The inference was made under the assumption that a distractor which
has high similarity to the encoding strategy would have considerable disruptive effect on

the recognition performance.

Method

Subjects

Thirty—three female subjects (average age, 20.2 years ; age range, 18-22 years) who
were undergraduates majoring in music constituted the highly musically trained group
(Group H). Each had had at least 12 years of formal training in playing the piano, with an
average of 14.8 years (range, 12-19 years).

Fifty-two female subjects (average age, 20.3 years ; age range, 18-22 years) who were
undergraduates majoring in literature, education, or domestic science constituted the less
well musically trained group (Group L). Their musical experience on an instrument aver-

aged 4.2 years (range, 0-6 years).

Materials

Each trial involved a standard series followed by a retention interval and then by a
comparison series. Both the standard and comparison se;ies consisted of eight tones taken
from an equal-temperament scalé, which ranged from A, (220.0 Hz) to E, (659.26 Hz).
The duration of each tone was 700 msec (600 msec with 100-msec silence), so that the

length of the 8—tone series was 5.6 sec.
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For this experiment, three lists were prepared, and each list involved 96 trials. In half of
them (48 trials), tonal melodies in a major key which were high in tonal melodic structure
according to conventional Western rules were used. In the other half (48 trials), atonal
melodies which were low in tonal melodic structure were used. Both types of melodies
involved a wide variety of contours. Half of the comparison series were exactly the same as

the standard series, and the other half were different from the standard.

Twelve types of interfering stimuli were interpolated during the retention interval
between the standard and the comparison series. "Pause" (P) was a blank retention interval.
"Series of musical Note Names" (NN) consisted of a series of eight words chosen randomly
from seven note names (Do, Re, Mi, Fa, Sol, La, Si). The series were delivered in a monot-
onous pitch in a female voice. "Interfering Melody" (IM) was composed of eight tones
taken from an equal-temperament scale, which ranged from A, (220.0 Hz) to E, (659.26
Hz) having either a tonal structure (for a tonal trial) or an atonal structure (for an atonal
trial). "Staff Notation" (SN) consisted of a series of eight musical notes ranged from A, to
E on a staff without a G clef, and the eight notes constituted tonal or atonal melody. On a
computer display, the eight notes appeared successively from the left to the right with a
constant space interval of about 2.5 cm on the staff (line interval : 2.0 cm). "Melodic
Contour" (MC) was an ascending and descending pattern of melody, and was represented
as eight circles with a diameter of 0.5 cm connected by seven line segments, which also
appeared successively from the left to the right on the computer display. "Interfering
Melody + Note Names" (IM+NN) was an 8-tone interfering melody sung with note names
at accurate pitches in a female voice. "Interfering Melody + Staff Notation" (IM+SN) was
an 8-tone interfering melody presented with staff notation ; each tone of a melody was
presented synchronously with each note appearing on the staff, with their pitches coinciding

exactly. "Interfering Melody + Melodic Contour" (IM+MC) was an 8-tone interfering
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melody presented with melodic contour ; each tone of a melody was presented synchro—
nously with each circle in the melodic contour, with their pitch intervals coinciding exactly.
"Note Names + Staff Notation" (NN+SN) was a series of eight note names presented with
staff notation ; each note name was presented synchronously with each note appearing on
the staff, with their pitches coinciding exactly. "Note Names + Melodic Contour"
(NN+MC) was a series of eight note names presented with melodic contour ; each note
name was presented synchronously with each circle in the melodic contour, with their pitch
intervals coinciding exactly. " Interfering Melody + Note Names + Staff Notation"
(IM+NN+SN) was an 8-tone interfering melody sung with note names at accurate pitches
and each tone of the melody was presented synchronously with each note appearing on the
staff, with their pitches coinciding exactly. "Interfering Melody + Note Names + Melodic
Contour" (IM+NN+MC) was an 8-tone interfering melody sung with note names at accu—
rate pitches ; each tone of the melody was presented synchronously with each circle in the
melodic contour, with their pitch intervals coinciding exactly.

Thus, NN, IM, and IM+NN were auditory stimuli, SN and MC were visual stimuli,
and IM+SN, IM+MC, NN+SN, NN+MC, IM+NN+SN and IM+NN+MC were auditory-

visual combination stimuli.

The series of Note Names (NN) was constructed as follows : Seven note names (Do, Re,
Mi, Fa, Sol, La, Si) delivered with monotonous pitch in a professional female voice were
recorded, and each of them was then cut to 600 msec with sampling frequency of 32 KHz.
Then, a serial arrangement consisting of eight note names separated by 100 msec was
constructed. If the NN was presented together with another interfering stimulus, it was

arranged to correspond to the other interfering stimulus.

Interfering Melody with Note Names (IM+NN) was constructed as follows : Twelve
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pitches sung with note names at accurate pitches in a professional female voice were
recorded (A,=220.00, B,=246.94, C,=261.63, D,=293.66, E,=329.63, F,=349.23,
G,=392.00, A,=440.00, B,=493.88, C,=523.25, D,=587.33, E;=659.26). Each of them was
then cut to 600 msec with sampling frequency of 32 KHz. Then, a serial arrangement
consisting of eight pitches separated by 100 msec was constructed for either a tonal or an
atonal structure. If IM+NN was presented together with another interfering stimulus, it was
arranged to correspond to the other interfering stimulus. These operations were performed

using a CANOPUS Sound Master/V.

The duration of each tone in an auditory stimulus was 700 msec (600 msec with 100-
msec silence), and the notes or circles in a visual stimulus appeared successively every 700
msec, and each series (700 msec X 8 = 5.6 sec) was repeated twice during the retention
interval. Therefore, each trial involved a 5.6-sec standard series followed by a 2.0-sec
interval, an 11.2-sec interfering stimulus, a 2.0-sec interval, and then a 5.6-sec compari-
son series.

The tones of the standard, comparison and interfering melodies were generated by an
NEC PC-9801 26K sound synthesizer board installed in an NEC PC-9801 DA personal
computer, recorded on tape, and presented over high—quality sound reproduction equipment

(DENON digital audio tape recorder DTR-80P).

Procedure

Each subject sat in front of a personal computer and wore headphones, and all tones
were adjusted to be equal in loudness. The subjects were instructed that this was an experi-
ment on memory for melodies, and that in each of the 96 trials, they would first hear a trial
number, then a first melody (standard series), which would be followed by an interfering

stimulus, and then a second melody (comparison series). The subject's task was to judge
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whether the two melodies were the same or different in pitch, and to indicate their judg~
ments by writing "S" (Same) or "D" (Different) on an answer sheet. The subjects were also
instructed that they should track the visual stimuli, but that they should not employ any
motor encoding strategy analogous to playing the piano. Three practice trials with feed—
back were given to the subjects prior to the 96 trials, and the interval between trials was 10
sec.

In this experiment, there were 48 tonal trials and 48 atonal trials. In both types of melo-
dies, 4 trials were run in each type of interference condition. The 12 types of interference
conditions were alternated, and the order of presentation of all 96 trials was randomized. As
described above, for this experiment, three lists were prepared, and each list involved 96
trials. These lists were counterbalanced between subjects, to minimize the differences

among the trials in each of the 12 interference conditions in difficulty.

Results and Discussion

Recognition probability data (hit rate plus correct rejection rate) for Groups H and L
were analyzed in a two~way analysis of variance [ 2 Melody Types X 12 Interference
Conditions ], with repeated measures on both factors. For Group H, there were significant
main effects of Melody Type and Interference Condition [ F(1,32)=149.86, p<.001 ;
F(11,352)=9.06, p<.001 ], and there was a significant interaction of Melody Type X Inter-
ference Condition [ F(11,352)=2.51, p<.001 ]. For Group L, there were significant main
effects of Melody Type and Interference Condition [ F(1,51)=86.08, p<.001 ;
F(11,561)=6.74, p<.001 ]. For both Groups H and L, the main effect of Melody Type indi-
cates that the subjects performed better with tonal than with atonal melodies, and the main

effect of Interference Condition indicates that there were significant disruptive effects in
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some of these 12 interference conditions. The interaction of Melody Type X Interference
Condition in Group H indicates that there were differences in the disruptive effects of the
interference conditions on the performance between the two melody types. There was no
significant interaction of Melody Type X Interference Condition in Group L, therefore, the
disruptive effects of the interference conditions on the performance with the tonal melodies

were the same as those on that with the atonal melodies.

Recognition performance in Group H for the tonal melodies is shown in Figure 6-1. In
the auditory interference conditions (Figure 6—1(a)), the recognition probability in IM was
lower than that in P (p<.05 by Newman Keuls method), that in NN was lower than that in P
(p<.01), and that in IM+NN was lower than those in P, IM (both p<.01), and NN (p<.05).
In the auditory-visual MC combination interference conditions (Figure 6-1(b)), the
recognition probability in MC was somewhat but not significantly lower than that in P,
while those in NN+MC and IM+MC were lower than that in P (both p<.01), and that in
IM+NN+MC was lower than those in P, MC (both p<.01), and NN+MC (p<.05). In the
auditory—-visual SN combination interference conditions (Figure 6-1(c)), the recognition
probability in SN was lower than that in P (p<.05), those in IM+SN and NN+SN were
lower than that in P (both p<.01), and that in IM+NN+SN was lower than those in P, SN
(both p<.01), and IM+SN (p<.05). Thus, in comparison with that in P, the recognition
probabilities in all interference conditions except for MC were significantly lower, and
those in IM+NN and IM+NN+SN were the lowest of all conditions. The significantly
lower recognition probability in the interference conditions compared to that in the control
condition P indicated that the recognition performance was significantly disrupted by the
interference condition, and it could be concluded that the subjects might have used the
same strategy as that incorporated in the interfering stimulus to encode pitches of the

standard melodies.
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These results raise the following suggestions : For the subjects of Group H, visualizing
melodic contours is not an effective strategy to encode pitches of tonal melodies. As was
also found in Experiment 1, the verbal rehearsal of note names is somewhat more effectual
than pitch rehearsal strategy through such processes as humming, whistling, or mental re—
hearsal of pitches. Visualizing staff notation is also somewhat effectual. In fact, however,
the subjects used dual or triple coding strategies rather than such single coding strategies.
Pitch rehearsal of auditory information along with note names (dual coding) or, to an even
greater extent, at the same time visualizing the staff notation (triple coding) were the most
effectual strategies by which the Group H subjects memorized and retained pitches of tonal

melodies.

Recognition performance in Group H for the atonal melodies is shown in Figure 6-2. In
the auditory interference conditions (Figure 6-2(a)), the recognition probabilities in NN
and IM were somewhat but not significantly lower than that in P, while that in IM+NN
was lower than that in P (p<.05). In the auditory—visual MC combination interference
conditions (Figure 6-2(b)), the recognition probability in NN+MC was somewhat but not
significantly lower than that in P, while that in MC was lower than that in P (p<.05), and
those in IM+MC and IM+NN+MC were lower than that in P (both p<.01). In the auditory-
visual SN combination interference conditions (Figure 6-2(c)), the recognition probabilities
in SN and NN+SN were somewhat but not significantly lower than that in P, while those in
IM+SN and IM+NN+SN were lower than that in P (both p<.05).

These results raise the following suggestions : For the subjects in Group H, a single
encoding strategy, such as verbal rehearsal of note names, pitch rehearsal of auditory
information, or visualizing staff notation, is not an effective strategy to encode pitches in
atonal melodies. As was also found in Experiment 1, the results of this experiment suggest

that it was difficult for the subjects to encode pitches in atonal structure as musical note
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names. It was also difficult for them to accurately visualize notes on a staff, unless the
pitches were identified as their note names. Although it was found in Experiment 1 that the
subjects used an auditory encoding strategy in which pitches in an atonal melody were re—
tained in memory as auditory information, in this experiment the auditory encoding strategy
was found to be ineffectual. This discrepancy is considered to be due to a difference in the
standard melody, which in Experiment 1 consisted of 6 tones and their pitches could be
encoded to some extent by pitch maintenance rehearsal of auditory information, but which
in this experiment consisted of 8 tones and their pitches might have been difficult to encode
by such pitch maintenance rehearsal. The subjects would have attempted to use pitch
rehearsal along with note names, which was found to be the most effectual strategy for
tonal melodies, but would have found it difficult to encode pitches in atonal structure
accurately by this strategy. Therefore, encoding of the pitches of atonal melodies depends
considerably on visualization of the melodic contour or an auditory-visual combination
strategy by pitch rehearsal along with visualization of the melodic contour. The recognition
performance was disrupted to some extent by the auditory—visual SN combination interfer—
ence conditions, because the subjects attempted to visualize the staff notation of even pitch-
es in atonal structure or would abstract melodic contours from note sequences on a staff.
Multi coding strategies obtained in Group H with both tonal and atonal melodies support
the findings that melodic intervals are encoded relatively well with tonal melodies (Bartlett
& Dowling, 1980), and that in short—term memory, contour is important when the tonal

context is week or confusing and not aided by meaningful tonal context (Dowling, 1982).

Recognition performance in Group L for the tonal melodies is shown in Figure 6-3. In
the auditory interference conditions (Figure 6-3(a)), the recognition probabilities in NN,

IM and IM+NN were somewhat but not significantly lower than that in P. In the auditory~
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visual MC combination interference conditions (Figure 6-3(b)), the recognition probabili—
ties in MC and NN+MC were somewhat but not significantly lower than that in P, while
that in IM+MC was lower than that in P (p<.05), and that in IM+NN+MC was lower than
those in P, MC (both p<.01), and NN+MC (p<.05). In the auditory-visual SN combination
interference conditions (Figure 6—3(c)), the recognition probabilities in SN, NN+SN,

IM+SN and IM+NN+SN were somewhat but not significantly lower than that in P.

Recognition performance in Group L for the atonal melodies is shown in Figure 6-4. In
the auditory interference conditions (Figure 6-4(a)), the recognition probabilities in NN,
IM and IM+NN were somewhat but not significantly lower than that in P. In the auditory-
visual MC combination interference conditions (Figure 6-4(b)), the recognition probability
in MC was somewhat but not significantly lower than that in P, while that in NN+MC was
lower than that in P (p<.05), and those in IM+MC and IM+NN+MC were lower than that in
P (both p<.01). In the auditory-visual SN combination interference conditions (Figure 6-
4(c)), the recognition probabilities in SN and NN+SN were somewhat but not significantly
lower than that in P, while those in IM+SN and IM+NN+SN were lower than that in P

(both p<.05).

As described above, there was no interaction of Melody Type X Interference Condition
in Group L, therefore the disruptive effects of interference conditions on the performance
with the tonal melodies were the same as those with the atonal melodies. Moreover, these
results were similar to that in Group H with the atonal melodies, although the total recogni-
tion performance in Group L was significantly lower than that in Group H (p<.001). The
subjects in Group L did not use a single encoding strategy, such as verbal rehearsal of
note names, pitch rehearsal of auditory information, visualizing staff notation, or even

visualizing melodic contour. The encoding of the pitches of melodies would depend con-
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siderably on auditory~visual combination strategy by pitch rehearsal along with visualiza—-
tion of the melodic contour. The greatest difference between the performance in Group L
with both types of melodies and that in Group H with atonal melodies was the significant
disruption by the interference condition IM+NN in the latter, in contrast to the lack of dis—
ruption in the former. Thus, the subjects in Group H attempted to some extent to encode
pitches of atonal melodies by pitch rehearsal of note names, but it was very difficult for
the subjects in Group L to use this strategy.

These findings suggest that the subjects encoded pitches of short melodies using two or
three codes rather than just one. For example, pitch rehearsal of auditory information along
with note names (dual coding) and, to an even greater extent, at the same time visualizing
the staff notation (triple coding) were the most effective strategies for Group H with pitches
of tonal melodies ; pitch rehearsal along with visualization of melodic contour (dual cod-
ing) was also effective for Group H with atonal melodies and for Group L with both types

of melodies.

As described in Chapter 1, Paivio proposed the dual-coding theory (Paivio, 1971,
1978), the essence of which is that there are two basic independent but interconnected
systems for the representation and processing of information. The verbal system deals with
linguistic information and stores it in an appropriate verbal form, while the nonverbal
system carries out image—based processing and representation.

The dual-coding by pitch rehearsal along with note names found in this experiment is
consistent with Paivio's theory, because pitch rehearsal would be in the nonverbal system
and note names would be in the verbal system. If the triple-coding by visualizing staff
notation along with pitch rehearsal with note names is consistent with the Paivio's theory,

the complexity of the explanation of such triple codes by Paivio's dual-coding theory
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suggests that this theory might be somewhat oversimplified.

However, Paivio (1986) proposed that within the two systems there are associative struc—
tures. Both systems have basic representational units that are linked to one another by refer—
ential connections : Logogens for the verbal system and Imagens for the nonverbal system.
Both the Logogens and Imagens are further divided into sub-systems (i.e., visual, auditory,
kinesthetic, gustatory, and olfactory) which process either verbal or nonverbal information
in the different modalities (modality-specific).

Therefore, the dual-coding by pitch rehearsal along with note names found in this
experiment is consistent with Paivio's theory again, because pitch rehearsal would be an
auditory Imagen and note names would be a auditory Logogen. If the triple-coding by
visualizing staff notation along with pitch rehearsal with note names is consistent with the
Paivio's theory, staff notation must be a visual Imagen, pitch rehearsal must be an auditory
Imagen, and note names must be a auditory Logogen. Furthermore, the dual-coding by
visualizing melodic contour along with pitch rehearsal would be considered the operation
of a single system in Paivio's theory, because the melodic contour would be a visual Imagen
and pitch rehearsal would be an auditory Imagen, and both codes would be together in a
nonverbal system. The findings of Experiment 6 are interpreted using Baddeley's working

memory theory in Chapter 7.
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Figure 6.

Mean probability of correct recognition (hit rate plus correct rejection rate)
forthe 12 interference conditions for tonal and atonal melodies in Groups H

and L.
(a) auditory interference conditions
(b) auditory-visual MC combination interference conditions
(c) auditory-visual SN combination interference conditions
Notes.
@
P : Pause,

IM : Interfering Melody,

NN : series of musical Note Names,

IM+NN : Interfering Melody + Note Names,
(b)

MC : Melodic Contour,

IM+MC : Interfering Melody + Melodic Contour,

NN+MC : Note Names + Melodic Contour,

IM+NN+MC : Interfering Melody + Note Names + Melodic Contour.
(©)

SN : Staff Notation,

IM+SN : Interfering Melody + Staff Notation,

NN+SN : Note Names + Staff Notation,

IM+NN+SN : Interfering Melody + Note Names + Staff Notation.
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EXPERIMENT 7

Finger Movement Strategy

In all of the previous Experiments 1 to 6 and in Experiments 8 and 9, subjects were
instructed that they should not employ finger movements analogous to playing the piano to
encode pitches. However, for the subjects who are highly trained in playing instruments,
the development of performance skill on an instrument could be interpreted és leading to
the development of a kind of auro-motor (auditory—motor) coordination that allows the
musicians to reproduce immediately musical patterns that they experience as auditory
images (Baily, 1985). That is, auditory imagery seems to be reinforced by the external
representation of motor (kinesthetic) images. For the piano player, this intermodal coordi-
nation between auditory pitch information and finger movements has been experienced in
relationship to an internal representation of the keyboard's spatial positions. Baily (1985)

refers to this internal representations as a spatio—motor representation.

There is a series of studies on memory for action events (e.g., Cohen, 1981, 1983). The
subject's task is to enact instructions (Subject-Performed Tasks : SPTs). The SPTs para-
digm is designed to investigate the effect of encoding variables on the action events.

Some researchers suggest that motor enactment is related to visual image. Levin (1976)
suggested that enactment facilitates memory because it leads subjects to form relevant
visual images or visual mediation. Sasaki and Watanabe (1983) investigated the spontane-
ous writing "Kusho" behavior in Japanese. It was defined as writinglike finger movement

without any physical and visible trace. The results showed that there are two types of this
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behavior ; (a) writing on any parts of body (e.g., knee, or palm etc.) with visual monitoring,
and (b) writing in the air without visual monitoring. In this experiment, Kanji graphemes
were presented in a visual or auditory form. In the visual presentation, two types of Kusho
showed highly effect, however in the auditory condition, Kusho writing in the air without
visual monitoring revealed no effect.

Other researchers suggest that motor enactment is independent of, and more dominant
than, visual image. Saltz & Donnenwerth—Nolan (1981) suggested that many words and
objects have motor implications, and that motor enactment can facilitate retention of sen—
tences, and this facilitation is related to the storage of motor images or trace as distinct from
visual images or verbal mediators (e.g., Engelkamp, 1990 ; Saltz & Dixon, 1982 ; Zimmer

& Engelkamp, 1985, 1989).

The purpose of Experiment 7 was to investigate whether finger movements would be an
effective strategy for encoding pitches of melodies (Mikumo, 1991a, 1992a,b,c, 1994b,c).

In a preliminary experiment, seven students highly trained in music (Group H) and
seven less well musically trained subjects (Group L) were instructed to make recognition
judgments of melodies following a 10-sec retention interval. Both the standard and com-
parison melodies were 6—-tone series which had either a high—tonality structure (tonal) or a
low-tonality structure (atonal). There were two encoding conditions : In Session 1, the
subjects were not to employ the tapping strategy and were to use other strategies during the
retention interval. In Session 2, they were to employ the tapping strategy. If the recognition
performance was significantly higher with the tapping strategy than without, it could be
concluded that tapping is an effective strategy for pitch encoding of melodies.

For each group recognition data (hit rate minus false—alarrﬁ rate [ Woodworth &
Schlosberg, 1954] ) were analyzed in a two-way analysis of variance [ 2 Sessions X 2

Melody Types ], with repeated measures on both factors. In Group H, there was a signifi-
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cant main effect of Melody Type [ F(1,6)=39.70, p<.001 ], and there was a significant
interaction of Session X Melody Type [ F(1,6)=9.35, p<.05 ]. In Group L, there was a main
effect of Melody Type [ F(1,6)=6.66, p<.05 ], and there was a marginal main effect of
Session [ F(1,6)=2.97, p=.09 ].

The results showed that recognition performance for highly musically trained subjects
was a little higher when employing the tapping strategy with tonal melodies than when not
employing tapping ; however, with atonal melodies, performance was disrupted by the
tapping strategy. On the other hand, for less well musically trained subjects, performance
was disrupted by the tapping strategy with both tonal and atonal melodies (Figure 7-1).
The findings suggest that, for the highly trained subjects, employing the tapping strategy
might be somewhat effective for pitch encoding of tonal melodies ; however in the other
cases it appears to disturb pitch encoding. To encode pitch information, the tapping strate—
gy might be too difficult and hence ineffectual for less well trained subjects, and for all
subjects with atonal melodies.

The results obtained in the preliminary experiment presented several implications, which
were investigated in Experiments 7-1 to 7-3. (a) Remembering 6—tone melodies is rather
easy for highly trained subjects. In the preliminary experiment, their tonal recognition
pérformance in the non~tapping session was relatively good. Therefore, in the case of 6-
tone melodies, it would not be necessary to employ the laborious tapping strategy, and
employing the tapping strategy would not necessarily be effective. Considering the above,
the present experiments employed not only 6—tone but also 8- and 10-tone tonal melodies.
(b) In the present experiments, finger movement was recorded by a computer, and it was
possible to determine the rate and amount of tapping as well as accuracy. Moreover, to
obtain detailed data of finger movement, ISI durations were varied. (c) In the present exper—
iments, the latency between the end of the standard melody and the start of tapping could

be measured and analyzed. Latency could well serve as an index of the important cognitive
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processes, because this period might involve various information processing stages. (d) In
the preliminary experiment there was a blank interval during the ISI. To investigate the
stability or robustness of the tapping strategy, an interfering melody or a series of musical
note names were interpolated during the ISI, in the present experiments. (e) In the prelimi-
nary experiment some subjects were observed to employ the tapping strategy while mutter—
ing the pitches or the note names to themselves in a whisper. The present experiments were
also designed to investigate whether a dual encoding strategy, such as pitch rehearsal or

verbal encoding strategy along with the tapping strategy, is employed to encode pitches of

melodies.
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Figure 7-1.

Mean probability of correct recognition (hit rate minus false alarm rate)
in Groups H and L for tonal and atonal melodies in Sessions 1 and 2 of
preliminary experiment.

Notes.

Session 1 : not employing tapping, Session 2 : employing tapping
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Experiments 7-1 to 7-3 employed subjects who were highly trained in music and used
melodies which had strong tonal structure. To investigate the tapping strategy in more
detail, the number of tones in a melody and the duration of the retention interval were
varied, and finger movements were recorded by a computer. The retention interval involved
a blank interval in Experiment 7-1, an interfering melody in Experiment 7-2, and a series
of musical note names in Experiment 7-3. The methods for the three experiments are de-

scribed first, followed by the results of all three.

Method

EXPERIMENT 7-1

Subjects

Twelve female subjects (average age, 21.3 years ; age range, 19-22 years) who were
undergraduates majoring in music took part in this experiment. Each had had at least 15
years of formal training in playing the piano with an average of 17.5 years (range, 15-19

years). All of them were right hand dominant persons.

Materials

Each trial involved a standard series followed by a blank retention interval and then by a
comparison series. Both the standard and the comparison series consisted of six, eight, or
ten different tones taken from an equal-temperament scale, which ranged from B, (246.94
Hz) to E, (659.26 Hz). The duration of each tone was 700 msec (600 msec with 100-msec

silence), so that the length of the 6-tone series was 4.2 sec, the 8—tone series was 5.6 sec,
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and the 10-tone series was 7.0 sec. All of the series were tonal melodies in a major key,
and were high in tonal melodic structure according to conventional Western rules, and they
involved a wide variety of contours.

For Experiments 7-1, 7-2 and 7-3, six lists were prepared, and each list involved 36
trials, so that a total of 216 trials were prepared. One list was used for one session. Each
experiment had two sessions, and in each session there were 12 trials for each of the three
types of melody lengths.

Three types of ISIs were prepared depending on the length of a melody. The short ISI
(S), middle ISI (M), and long ISI (L) were, respectively, 1.5, 2.0, and 2.5 times as long as
the melody length. Thus, in the 6-tone series, the short ISI was 6.3 sec, the middle ISI was
8.4 sec, and the long ISI was 10.5 sec. In the 8-tone series, the short ISI was 8.4 sec, the
middle ISI was 11.2 sec, and the long ISI was 14.0 sec. In the 10—tone series, the short ISI
was 10.5 sec, the middle ISI was 14.0 sec, and the long ISI was 17.5 sec.

Half of the comparison series were exactly the same as the standard series, and the other
half were divided into two types that were different from the standard. "Contour-preserv—-
ing" comparisons (C) were obtained by changing one of the pitches by two semitones
(higher or lower), preserving the contour of the standard series, so that the exact pitch inter—
vals were not preserved. "Exchanging" comparisons (E) were obtained by exchanging the
order of two successive pitches of the standard series, so that both the contour and pitch
intervals were somewhat different from those of the standard series, while the set of pitch—
es was preserved. In both C and E comparisons, neither the first nor the last pitch of the
standard series was altered, and the position of the change was counterbalanced among
stimuli.

The tones were generated by a NEC PC-9801 26k sound synthesizer board installed in a
NEC PC-9801 RX computer, and they were recorded on tape and played over high-quality

sound reproduction equipment. All tones were adjusted to be equal in loudness (approxi-
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mately 50 dB SPL), and were presented via a loudspeaker.

Procedure

Subjects were told that this was an experiment on memory for melodies. In each of the
36 trials, at first they would see a trial number on a computer display, then hear a first
melody (standard series) which would be followed by a retention interval of varying length,
and then they would hear a second melody (comparison series). The next trial would begin
fifteen seconds after the second melody. The ISI length would change from trial to trial.
The first and the second melodies would consist of six , eight, or ten tones. The subject's
task would be to judge whether the two melodies are the same or different in pitch by
answering orally, and rate their decision on a five—point confidence scale with responses of
"very sure yes (or no)", "fairly sure yes (or no)", "unsure yes (or no)", "fairly unsure yes
(or no)", "very unsure yes (or no)".

In the first session, the subjects were instructed to try to memorize or retain melodies
without employing the tapping strategy, but rather by using other internal strategies during
the retention interval. After the session, they were to report their introspections about what
type of encoding strategies they used. In the second session, the subjects instructed to
employ the tapping strategy, moving their fingers in a way analogous to playing the piano,
during the retention interval. Considering the view of encoding specificity (Tulving &
Thomson, 1973), they were to continue the finger movements while hearing the comparison
series. The second session was performed thirty minutes after the first session. Three prac—
tice trials with feedback for each length of melody were given to the subjects prior to each
session. If the session in which tapping is allowed is performed before the session in which
tapping is not allowed, it would be difficult to eliminate the effect of motor learning in the
latter session, because the motor sense of tapping tends to linger. This is why the two ses—

sions were presented in fixed order to all the subjects.
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As described above, six lists were prepared for Experiments 7-1, 7-2, and 7-3. These
lists were counterbalanced between the subjects for each session in each experiment
(Experiments 7-1, 7-2 and 7-3), so that the overall difficuity of the six sessions would be
equal (Table 2). In each session, there were 12 six—tone, 12 eight—tone and 12 ten-tone
trials. In three lengths of melody, 4 trials were run in each duration of ISI, in half of which
(2 trials) the comparison series were exactly the same as the standard series, and in the
other half (2 trials), the comparison series were different from the standard series (C, E).
The three durations of ISI were mixed, and the order of presentation of all 36 trials in each
session was randomized. Tapping movements of each finger of the right hand were re~
corded using a computer. The tip of each finger was fitted with a small piece of aluminum
foil connected to the computer through fine leads. When each finger tapped on an alumi-

num board the number of times and the rate of touches were recorded.

EXPERIMENT 7-2

Subjects

The same subjects as those in Experiment 7-1 were employed.

Materials

Each trial involved a standard series followed by an interfering melody and then by a
comparison series. An interfering melody consisted of three to nineteen tones taken from an
equal-temperament scale, which ranged from B, (246.94 Hz) to E, (659.26 Hz), and the
duration of each tone was 700 msec (600 msec with 100-msec silence).

The number of tones in the interfering melody depended on the duration of the ISI for

each length of the melody. The intervals between the standard series and the first interfering
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tone, and between the last interfering tone and the comparison series, were each 2.1 sec.
Thus, in the 6—tone series, therefore, there were 3 tones during the short ISI (6.3 sec), 6
tones during the middle ISI (8.4 sec), and 9 tones during the long ISI (10.5 sec). In the 8-
tone series, there were 6 tones during the short ISI (8.4 sec), 10 tones during middle ISI
(11.2 sec), and 14 tones during the long ISI (14.0 sec). In the 10-tone series, there were 9
tones during the short ISI (10.5 sec), 14 tones during the middle ISI (14.0 sec), and 19 tones
during the long ISI (17.5 sec). Four interfering melodies were prepared for each case de—
scribed above, so that a total of 36 interfering melodies were totally prepared, and all of

them were tonal melodies in a major key.

Procedure

This experiment was performed two months after Experiment 7-1. The subjects were
instructed that, in each of 36 trials, they would first see a trial number, then hear a first
melody which would be followed by an interfering melody of varying length during the
retention interval, and then they would hear a second melody. Thirty—six interfering melo—
dies were employed in Sessions 1 and 2.

In the first session, the subjects were instructed that they were not to employ the tapping
strategy, but rather use any other strategies, and that in the second session they were to

employ the tapping strategy. The other aspects of the method were the same as in Experi-

ment 7-1.

EXPERIMENT 7-3

Subjects

The same subjects as those in Experiments 7-1 and 7-2 were employed.

142



Materials

Each trial involved a standard series followed by a series of musical note names and
then by a comparison series. The series of musical note names consisted of three to nine-
teen words chosen randomly from seven note names (Do, Re, Mi, Fa, Sol, La, Si). The
series were delivered in a monotonous pitch in a male voice, and the duration of each word

was about 700 msec (600 msec with 100-msec silence).

The number of words in a series of note names were the same as the number of tones in
an interfering melody in Experiment 7-2, depending on the ISI duration for each length of
the melody. In the 6-tone series, therefore, there were 3 words during the short ISI, 6
words during the middle ISI, and 9 words during the long ISI. In the 8-tone series, there
were 6 words during the short ISI, 10 words during middle ISI, and 14 words during the
long ISI. In the 10-tone series, there were 9 words during the short ISI, 14 words during
the middle ISI, and 19 words during the long ISI. Four series of note names were prepared

in each case described above, so that a total of 36 series was prepared.

Procedure

This experiment was performed two months after Experiment 7-2. The subjects were
instructed that in each of 36 trials, they would first see a trial number, then hear a first
melody which would be followed by a series of musical note names of variable length
during the retention interval, and then they would hear a second melody. Thirty-six series
of note names were employed in Sessions 1 and 2. Other aspects of the method were the

same as in Experiments 7-1 and 7-2.
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Table 2

Six lists for each Session in Experments 7-1, 7-2, & 7-3.

Experiment 7—-1 Experiment 7—2 Experiment 7-3

Session’ 1 2 1 2 1 2
Subjects
1, 2 List 1 List 2 List 3 List 4 List 5 List 6
3, 4 List2  List3 List4  List5s List6  List1
5 6 List 3 List 4 List 5 List 6 List 1 List 2
7, 8 List4  List5 List6  List1l List2  List3
9, 10 List 5 List 6 List 1 List 2 List 3 List 4
11, 12 List 6 List 1 List 2 List 3 List 4 List 5

Experiment 7—1: blank interval condition
Experiment 7—2 : interfering melody condition
Experiment 7—3 : interfering note names condition
Session 1 : not employing tapping

Session 2 : employing tapping
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Results and Discussion

The design of these experiments had four factors : 2 types of Sessions (Session 1 : not
employing tapping / Session 2 : employing tapping), 3 types of melody lengths (6 tones / 8
tones / 10 tones), 3 types of ISI durations (short / middle / long), and 2 types of comparison
series (Contour—preserving / Exchanging). All of them employed the same subjects.

In these experiments the following response measures were calculated: the recognition
probability for each melody length (Analyses 1 & 2), and for each ISI duration (Analysis
3) ; the discriminability index (d") (Analyses 1, 2, & 3) ; the number of incorrect response
for each subject in each session (Analysis 2) ; the false—alarm rate for each comparison
type (Analysis 4) ; and the amount and rate of tapping, and the latency between the end of

the standard series and the start of finger movements (Analysis 5).

Analysis 1
Stability or robustness of the motor encoding strategy and the impact of the
melody lengths in Experiment 7—-1 and Experiment 7-2.  Recognition probabil-
ity data (hit rate minus false-alarm rate) were analyzed in a three~way analysis of variance
[ 2 Experiments X 2 Sessions X 3 Melody Lengths ], with repeated measures on all three
factors. There were significant main effects of Experiment, Session, and Melody Length
[ F(1,11)=12.57, p<.005 ; F(1,11)=45.90, p<.001 ; F(2,22)= 80.51, p<.001 ]. There was
also a marginal interaction of Experiment X Session [ F(1,11)=3.30, p<.10 ]. These results
are shown in Figure 7-2 and Table 3.

The main effect of Experiment indicates that the performance in Experiment 7-1 was
superior to that in Experiment 7-2. The main effect of Session indicates that in both Exper-

iments 7-1 and 7-2, subjects performed better when they employed the tapping strategy
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than when they did not. The main effect of Melody Length indicates that the subjects per—
formed gradually worse as Melody Length increased. The marginal interaction of Experi-
ment X Session indicates the following : When several tones were interpolated during the
ISI in Experiment 7-2, and subjects did not employ the tapping strategy in Session 1, then
their performance was significantly worse than it was in Session 1 of Experiment 7-1
(especially in the case of the 8-tone and the 10-tone series). However when they em-~
ployed the tapping strategy in Experiment 7-2, their performance was not worse than in
Session 2 of Experiment 7-1.

Subjects reported on their internal encoding strategies in Session 1 of Experiment 7-1
as follows : verbal encoding strategy with the names of the musical notes (6 subjects) ;
pitch rehearsal or humming strategy (2 subjects) ; and visualizing strategies, in which the
tones were visualized in their image, as a melodic contour (1 subject), on a staff notation (2
subjects), or on a keyboard (1 subject). For each subject, these encoding strategy would be
dominant or individual in ordinary condition, because these internal encoding strategies
were obtained without any interfering stimuli during the ISI.

Therefore, these findings suggest that, for subjects highly trained in music, employing
the external motor strategy of tapping could be more effective than using other internal
strategies to encode and retain the pitches of the melodies, especially within a situation in
which there were interfering melodies. Moreover, as shown in Figure 7-2 and Table 3, the
effect of tapping represented by the difference between the data of Session 1 and Session 2

increased somewhat as melody length increased in both of the experiments.

Discriminability indices (d’) were calculated for three types of melody lengths in the two
sessions of the two experiments (Table 3), by using the ten-category confidence scale in
which "Same" and "Different" judgments each had five levels of response. It was evident

from the d' analysis that discriminative power in Same-Different decisions of Session 2
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RECOGNITION

was consistently better than that of Session 1 in both experiments (except for the 6-tone
series in Experiment 7-1). The differences of the d’ data between the sessions were tested
by a Z~test as suggested by Gourevitch and Galanter (1967). There wefe significant differ—
ences between the sessions in the 8-tone and in the 10-tone series of Experiment 7-1, and
in the 6-tone seriés of Experiment 7-2 (p<.001) ; and between the sessions in the 8-tone
and in the 10-tone series of Experiment 7-2 (p<.01). These results support the findings of

the recognition probability data described above.
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Figure 7-2.
' Mean probability of correct recognition for each melody length in two
sessions of Experiments 7-1, 7-2, & 7-3 (N=8). The tapping effect is
represented by the distance between the white circle (Session 2) and the
black circle (Session 1).
Notes.
Experiment 7-1 : blank interval condition, Experiment 7-2 : interfering
melody condition, Experiment 7-3 : interfering note names condition,

Session 1 : not employing tapping, Session 2 : employing tapping.
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Table 3

Recognition probability and d’ for each ISI duration for each melody length of the two sessions in Experiments 7—-1, 7-2, & 7-3.

Experiment 7—1

Experiment 7—2

Experiment 7-3 (N=8)

Session 1 Session 2 Session 1 Session 2 Session 1 Session 2
Melody Length
6— 8- 10- 6— 8- 10- 6— 8- 10- 6—- 8- 10~ 6—- 8— 10- 6— 8- 10 -
IS1 tone tone tone tone tone tone tone tone tone tone tone tone tone tone tone tone tone tone
S (ML xX15) 53" 35 1.7 6.9 3.9 1.7 5.2 1.8 19 69 1.6 1.8 39 25 0.9 54 2.7 19
M (ML X 20) » 5.6 31 18 6.9 4.3 4.0 2.8 1.6 08 6.1 19 3.0 22 1.8 14 6.9 2.7 2.8
L (ML X25) 6.9 19 15 6.9 44 5.3 4.6 0.8 0.7 6.9 28 3.2 55 2.3 0.7 59 3.2 25
S+M+L 5.7 25 1.7 6.9 4.2 34 45 1.3 13 6.6 25 24 49 23 1.1 59 2.6 22
Probability (% ) <) 930 763 57.0 98.0 875 736 91.7 57.0 472 986 805 653 875 58.3 50.0 938 81.3 75.0

a) M (ML X 2.0) means that the middle ISI is twice as long as the melody length.

b) Discriminative power in the Same—Different decision for 6—tone melodies is so strong that the d’ can not be calculated.

Therefore d’s for 6—tone melodies are fixed using the method suggested by Macmillan & Creelman (1991).

c) Recognition probability data were calculated by the method of hit rate minus false alarm rate.

Experiment 7—1 : blank interval condition,
Session 1 : not employing tapping,

Experiment 7—-2 :
Session 2 : employing tapping

interfering melody condition,

148

Experiment 7—3 : interfering note names condition



Analysis 2

The number of incorrect responses and the impact of melody lengths in
Experiment 7-3 compared with Experiment 7-1 and Experiment 7-2. The
number of incorrect responses in 36 trials of each session for each subject is shown in Table
4. Table 4 shows that, for almost all the subjects the number of incorrect responses of
Session 2 was consistently lower than that of Session 1 in Experiments 7-1 and 7-2. In
other words, in Experiments 7-1 and 7-2, tapping strategy was effective for encoding
pitches of melodies, even when an interfering melody was interpolated during the ISI. In
Session 2 of Experiment 7-2, after hearing the standard series, if subjects have employed
tapping stratégy along with muttering or singing pitches to themselves in a whisper or
rehearsing them mentally, interfering melodies would disrupt tapping with pitch rehearsal
and recognition performance. But the results showed that the number of incorrect responses
was consistently lower in Session 2 than in Session 1 in Experiment 7-2, it is considered
that the tapping strategy could be employed without muttering or singing pitches ; that is,
tapping strategy could be employed independently of pitch rehearsal strategy for all twelve
sﬁbjects.

On the other hand, in Experiment 7-3, for eight subjects, the number of incorrect re-
sponses was lower or about the same in Session 2 as in Session 1, whereas for the remain-
ing four subjects, errors were considerably higher in Session 2 than in Session 1. For these
four subjects, the tapping strategy was effective in Experiments 7-1 and 7-2, while in
Experiment 7-3, the series of note names disrupted tapping and recognition performance
in Session 2. It is considered that it likely that those four subjects employed the tapping
strategy along with muttering the note names to themselves in a whisper or rehearsing them
mentally. That is, they may have employed a dual-coding strategy, in that when they
employed the tapping strategy at the same time, they continued to use verbal encoding

strategy.

149



Table 4

The number of the incorrect responses for each subject

in each session (36 trials) of Experiments 7-1, 7-2, & 7-3.

Experiment 7-1

Experiment 7-2

Experiment 7-3

Subjects | Session 1 Session 2 Session 1 | Session 2 | Session 1 Session 2
5 2 0 7 4 5 5
11 2 1 8 2 1 2
3 2. 4 6 2 11 3
6 6 5 9 4 11 4
2 5 4 5 4 4 3
4 8 1 7 5 6 4
7 5 2 6 1 5 0
10 5 1 7 1 7 3
1 4 2 7 4 5 12

6 5 7 4 5 8
6 1 6 4 2 9
12 2 2 7 4 1 6

Experiment 7-1 : blank interval condition

Experiment 7-2 : interfering melody condition

Experiment 7-3 : interfering note names condition

Session 1 : not employing tapping

Session 2 : employing tapping
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Comparing the numbers of incorrect responses for each subject for Session 1 of the three
experiments, the results are consistent with subjects' introspections concerning internal
encoding strategies in Session 1 of Experiment 7-1. In the case of two Subjects 5 and 11,
incorrect responses in Session 1 of Experiment 7-2 were especially higher ; that is, the
disruptive effect of the interfering melodies was large. This suggests that their dominant
encoding strategy was pitch rehearsal as they reported in Experiment 7-1. In the case of
two other Subjects 3 and 6, incorrect responses in Session 1 of Experiment 7-3 were espe-
cially higher ; that is, the disruptive effect of the series of note names was large. This
suggeSts that they were using the verbal encoding strategy with note names as they report—
ed in Experiment 7-1. In the case of Subjects 2, 4, 7 and 10, there was little difference
among their incorrect responses in Session 1 of the three experiments ; that is, there was
little disruptive effect of the interfering melodies or the series of note names. This suggests
that these subjects were using an encoding strategy other than pitch rehearsal or verbal
encoding. They reported that they used a visualizing strategy in which tones were visual-
ized in their image, as a melodic contour (Subject 2), on a staff notation (Subjects 4 and
10), or on a keyboard (Subject 7). After Session 2 of Experiment 7-1, however, Subjects 7
and 10 reported that if they had been permitted to employ any kind of strategy in Session 1,
their dominant strategy for pitch encoding might have been the tapping strategy. In the case
of Subjects 1, 8, 9, and 12, they reported in Experiment 7-1 that they also used a verbal
encoding strategy with note names. When they employed the tapping strategy to encode
pitches, they could not employ it independently of the verbal encoding strategy ; they may
have employed a dual-coding strategy as described above. Furthermore, they may have
rehearsed note names along with their pitches, therefore, it is possible that they employed
triple—encoding strategy ; tapping strategy accompanied by note names with pitches, as
described in Experiment 6. As reported in Experiment 7-1, although there were individual

differences for encoding strategies, especially for six Subjects 5, 11, 3, 6, 2, and 4, more
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direct evidence for the effectiveness of finger movements came from the instruction to

employ motor encoding strategy.

The recognition probability data of eight subjects in Experiment 7-3 were analyzed in a
two-way analysis of variance [ 2 Sessions X 3 Melody Lengths ], with repeated measures
on both factors. In this analysis the data of the four subjects who employed a multi-coding
strategy were excluded. The recognition probability data of these eight subjects in Experi-
ment 7-3 are also shown in Figure 7-2 and Table 3. There were significant main effects of
Session and Melody Length [ F(1,7)=7.84, p<.05 ; F(2,14)=14.99, p<.001 ].

The main effects of Session and Melody Length were consistent with the findings of
Analysis 1. When a series of note names were interpolated during the ISI, the tapping
strategy would be also effective for encoding pitch information. As shown in Figure 7-2
and Table 3, the tapping effect, which is represented by the difference between the data of
Session 1 and Session 2, becomes gradually stronger as melody length increased. Discrimi-
nability indices (d") for Experiment 7-3 are also shown in Table 3. Both recognition per—
formance and d' for Experiment 7-3 with the eight subjects were similar to the results of

Experiment 7-2.

The recognition probability data of the four subjects who employed a multi-coding
strategy were analyzed in a three-way analysis of variance [ 3 Experiments X 2 Sessions
X 3 Melody Lengths ], with repeated measures on all three factors. There was a signifi-
cant main effect of Melody Length [ F(2,6)=45.07, p<.001 ], and there was a significant
interaction of Experiment X Session [ F(2,6)=21.26, p<.005 ]. There was a marginal main
effect of Experiment [ F(2,6)=3.82, p<.09 ]. These results were shown in Figure 7-3.

The significant interaction of Experiment X Session indicates that in Experiments 7-1

and 7-2 recognition performance in Session 2 was superior to that in Session 1 (Experi-
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ment 7-1, p<.05 ; Experiment 7-2, p<.01), while in Experiment 7-3, in contrast, Session 1
was superior to Session 2 (p<.01). The marginal main effect of Experiment indicates that
recognition performance in Experiment 7-1 was superior to that in Experiment 7-2
(p<.05), and there was no significant difference between Experiment 7-2 and Experiment

7-3. These findings support the interpretation of Table 4.
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Figure 7-3.

Mean probability of correct recognition for the four subjects, for each
melody length in two sessions of Experiments 7-1, 7-2, & 7-3. The
tapping effect is represented by the distance between the white circle
(Session 2) and the black circle (Session 1).

Notes.
Experiment 7-1 : blank interval condition, Experiment 7-2 : interfering
melody condition, Experiment 7-3 : interfering note names condition,

Session 1 : not employing tapping, Session 2 : employing tapping.
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Analysis 3
The impact of ISI durations. Recognition probability data for Experiments 7-1
and 7-2 were analyzed in a three—~way analysis of variance [ 2 Experiments X 2 Sessions
X 3 ISIs ], with repeated measures on all three factors. As in Analysis 1 there were signifi-
cant main effects of Experiment and Session [ F(1,11)=11.60, p<.01 ; F(1,11)=50.85,
p<.001 ], and a marginal interaction of Experiment X Session [ F(1,11)=3.28, p<.10 ]. In
addition, there was a tendency toward an interaction of Session X ISI [ F(2,22)=2.08,
p=0.14 ]. This tendency indicates that the recognition probability in Session 1 became
gradually worse as ISI increased, whereas in Session 2, it became gradually better. From a
two-way analysis of variance [ 2 Sessions X 3 ISIs ] for each melody length in each
experiment, this tendency (an interaction of Session X ISI) was especially noticeable in the
case of the 10-tone series, as shown in Figure 7-4 (10-tone series : Experiment 7-1,
F(2,22)=3.36, p<.06 ; Experiment 7-2, F(2,22)=3.12, p<.07 ]. In both Experiments 7-1 and
7-2 the significance levels between long and short ISIs in Session 2 were p<.05, whereas in
Session 1 of both experiments there were no significant differences between short and long
ISI (by Newman-Keuls Method).

These findings suggest that when subjects used internal encoding strategies their
memory of the standard series became gradually obscure as ISI duration increased. Howev-
er, when subjects employed the external motor encoding strategy, their memory became

gradually elaborated as ISI duration increased.

Discriminability indices (d") were calculated for the three ISI durations for each melody
length in the two sessions of Experiments 7-1 and 7-2 (Table 3). It was evident from the d’
that discrimination became worse as ISI increased in Session 1, while it became better as

ISI increased in Session 2 in both experiments, except for the 6-tone series. The differences
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in d’ among the three ISI durations for the 10-tone series were tested by a Z~test. In Ses—
sion 2 of Experiment 7-1, there were significant differences between the middle ISI and
the short ISI (p<.001), and between the long ISI and the middle ISI (p<.01) ; in Session 1,
there were no differences among any of the three ISI durations. In Session 2 of Experiment
7-2, there was a significant difference between the middle ISI and the short ISI (p<.02),
and there was no significant difference between the long ISI and the middle ISI ; in Session
1, there was a significant difference between the short ISI and the middle ISI (p<.05), and
there was no significant difference between the middle ISI and the long ISI. These results

support the findings of the recognition probability for the ISI duration described above.

In Experiment 7-3, the recognition probability data were analyzed in two two-way
analyses of variance for the two subject groups [ 2 Sessions X 3 ISIs ], with repeated meas-
ures on both factors. Both for the eight subjects discussed above and the four subjects who
employed a multi~coding strategy, there were main effects of Session. Recognition per-
formance for the eight subjects in Session 2 was higher than in Session 1 [ F(1,7)=7.84,
p<.05 ], while the reverse was true for the four subjects [ F(1,2)= 24.53, p<.001 ].
However, there were no interactions between Session X ISI. Discriminability indices (d")

for Experiment 7-3 with the eight subjects are also shown in Table 3.

These findings in Analyses 1, 2 and 3 suggest that when the retention interval was filled
with an interfering melody or a series of note names, or as melody length or ISI duration
increased, subjects would make an effort to utilize tapping in order not to forget the stand—

ard series, and rehearsing tapping could elaborate the encoding of pitches.
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Figure 7-4.

Mean probability of correct recognition for each ISI in two sessions
of Experiments 7-1 & 7-2 (10-tone series). The tapping effect is
represented by the distance between the white circle (Session 2) and
the black circle (Session 1).

Notes.
Experiment 7-1 : blank interval condition,
Experiment 7-2 : interfering melody condition,
Session 1 : not employing tapping,  Session 2 : employing tapping.

Analysis 4

False—alarm rates for different Comparison Types. First, false— alarm rate data
for Experiments 7-1 and 7-2 were analyzed in a three-way analysis of variance, { 2 Exper-
iments X 2 Sessions X 2 Comparison Types ], with repeated measures on all three factors.

There were significant main effects of Experiment, Session and Comparison Type [
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F(1,11)=67.53, p<.001 ; F(1,11)=60.95, p<.001 ; F(1,11)=41.46, p<.001 ]. There were
significant interactions of Experiment X Session and Experiment X Comparison Type [
F(1,11)=35.14, p<.001 ; F(1,11)=5.77, p<.05 ].

The main effect of Experiment indicates that the false—alarm rate in Experiment 7~2
was higher than that in Experiment 7-1. The main effect of Session indicates that the false—
alarm rate in Session 1 was higher than that in Session 2. The interaction of Experiment X
Session indicates that in Session 1 the false-alarm rate in Experiment 7-2 was significantly
higher than that in Experiment 7-1 (p<.01), whereas in Session 2 there was no significant
difference between Experiments 7-2 and 7-1. Therefore, the main effects of Experiment
and Session, and the interaction of Experiment X Session were consistent with the results
of Analyses 1 and 3, described above.

The main effect of Comparison Type indicates that the false—alarm rate for C lures was
higher than that for E lures. The interaction of Experiment X Comparison Type indicates
that, for Cs the false—alarm rate in Experiment 7-2 was significantly higher than that in
Experiment 7-1 (p<.01), and for Es there was also a significant difference between Exper-
iment 7-2 and Experiment 7-1 (p<.05) ; but that the difference for Cs was larger than

that for Es.

Second, false-alarm rate data were analyzed in three three-way analyses of variance for
the three experiments: [ 2 Sessions X 3 Melody Lengths X 2 Comparison Types ], with
repeated measures on all three factors. In Experiment 7-1, there were significant main
effects of Session, Melody Length, and Comparison Type [ F(1,11)=6.49, p<.05;
F(2,22)=7.69, p<.01 ; F(1,11)=11.99, p<.01 ]. There was a significant interaction of
Melody Length X Comparison Type [ F(2,22)=4.68, p<.05 ], and there was a marginal
interaction of Session X Melody Length [F(2,22)=2.50, p<.10 ]. In Experiment 7-2, there

were significant main effects of Session, Melody Length, and Comparison Type |
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F(1,11)=57.56, p<.001 ; F(2,22)=56.57, p<.001 ; F(1,11)=28.64, p<.001 ], and there were
significant interactions of Session X Melody Length, and Melody Length X Comparison
Type [ F(2,22)=17.87, p<.001 ; F(2,22)=5.92, p<.01 ]. In Experiment 7-3 for the eight
subjects discussed above, there were significant main effects of Melody Length and
Comparison Type [ F(2,14)=5.30, p<.05 ; F(1,7)=7.09, p<.05 ], and there was a significant
interaction of Melody Length X Comparison Type | F(2,14)=3.74, p<.051].

The main effects of Session indicate that the false—alarm rate in Session 1 was higher
than that in Session 2. The main effects of Melody Length indicate that the false—alarm
rate became gradually higher as Melody Length increased (significance levels between 10-
and 6-tone series were p<.05 in Experiment 7-1, p<.01 in Experiment 7-2, and p<.05 in
Experiment 7-3). The interactions of Session X Melody Length indicate that the false-
alarm rate in Session 1 became gradually higher as Melody Length increased (significance
levels between 10— and 6-tone series were p<.05 in Experiment 7-1, and p<.01 in Experi-
ment 7-2), whereas in Session 2, there were no significant differences as Melody Length
increased. That is, the tapping effect represented by the difference between the data of
Sessions 1 and 2, became stronger as melody length increased. Therefore the main effects
of Session and Melody Length, and the interaction of Session X Melody Length support the
findings of Analyses 1 and 3. The main effects of Comparison Type were consistent with
the results in the first analysis under Analysis 4, described above.

The interactions of Melody Length X Comparison Type indicate the following : for Cs
false-alarm rate became gradually higher as Melody Length increased (significance levels
between 10~ and 6-tone series were p<.05 in Experiment 7-1, p<.01 in Experiment 7-2,
and p<.01 in Experiment 7-3) ; whereas for Es there were no significant differences at-
tributable to Melody Length in Experiment 7-1, and relatively little differences in Experi-
ments 7-2 and 7-3 (significance levels between 10— and 6-tone series were p<.05 in both

Experiments 7-2 and 7-3).
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Third, false~alarm rate data were analyzed in three three—way analyses of variance for
the three experiments : [ 2 Sessions X 3 ISIs X 2 Comparison Types ], with repeated meas~
ures on all three factors. In Experiment 7-1, there were significant main effects of Session
and Comparison Type [ F(1,11)=15.40, p<.01 ; F(1,11)=9.16. p<.05 ], and there were no
significant interactions between any of the three factors. In Experiment 7-2, there were
significant main effects of Session and Comparison Type [ F(1,11)=64.10, p<.001 ;
F(1,11)=59.40, p<.001 ]. There was a significant interaction of Session X Comparison Type
[ F(1,11)=5.60, p<.05 ], and there was a marginal interaction among all three factors [
F(2,22)=3.36, p<.06 ]. In Experiment 7-3 for the eight subjects discussed above there was
a significant main effect of Comparison Type [ F(1,7)=8.00, p<.05 ], and there was a
marginal interaction among all three factors [ F(2,14)=2.86, p<.09 ].

The main effects of Session and Comparison Type were consistent with the results in the
first and the second analyses under Analysis 4. The significant interaction of Session X
Comparison Type in Experiment 7-2 indicates that false-alarm rate for Cs were signifi~
cantly higher than for Es in Session 1 (p<.01), while in Session 2 there was no significant
difference. The marginal interactions among all three factors in Experiments 7-2 and 7-3
indicate the following : In Session 1, false—alarm rate for Cs gradually decreased as ISI
increased (significance levels between short and long ISIs were p<.05 in Experiments 7-2
and 7-3), while for Es, it increased gradually as ISI increased (significance levels between
long and short ISIs were p<.01 in Experiment 7-2, and p<.05 in Experiment 7-3). In
Session 2, however, there were no significant differences among the three ISIs for both Cs
and Es (Figure 7-5). This tendency toward a marginal interaction appeared slightly in

Experiment 7-1.
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Figure 7-5.

Mean false-alarm rate for each ISI of two types of comparison series
in Sessions 1 & 2 of Experiment 7-2.
Notes.
Experiment 7-2 : interfering melody condition,
Session 1 : not employing tapping,  Session 2 : employing tapping.

As described above, C comparisons preserved the contour of the standard series, but the
pitch set was not preserved. E comparisons preserved the pitch set of the standard, but con-
tour was not preserved. If subjects were to use contour as a cue for recognition, they would
tend to make false alarms to C comparisons which have the same contour as the standard.

If subjects were to use the pitch set as a cue, they would tend to make false alarms to E

comparisons which have the same pitch set as the standard.
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In the first to third analyses for Comparison Type under Analysis 4, the following results
were found : (a) The false-alarm rate for Cs was considerably higher in Experiments 7-2
and 7-3 than in Experiment 7-1. Therefore subjects appear to be using contour as a cue,
especially when an interfering melody or a series of note names was interpolated during
ISI. (b) The false—alarm rate for Cs increased gradually as melody length increased. There-
fore subjects appear to depend more and more on contour as a cue, as melody length in—
creased. Edworthy (1985) showed that performance was better in the contour than in the
pitch interval task for melodies of up to nine tones in length, and there were no significant
differences between tasks for the 11- and 13-tone melodies, but for the 15-tone melodies,
performance was better in the pitch interval than in the contour task. Experiment 7 em-
ployed melodies of up to ten tones, therefore the result concerning contour was nearly
consistent with Edworthy's findings. (c) In Session 1 the false~alarm rate for Es became
gradually higher, but for Cs became gradually lower, as ISI duration increased ; while in
Session 2 there were no significant effects of ISI. In other words, when not employing the
tapping strategy subjects would use contour as a cue with short ISIs, whereas they would
use pitch as a cue with long ISIs (e.g., Dowling & Bartlett, 1981). However, when subjects
employed tapping strategy, the finger movement served as an effective means of encoding,

even as ISI duration increased.

Analysis 5
Finger movements. The movement of each finger in tapping was recorded by a
computer. Three response measures were calculated : (a) The number of times that the
tapped pattern was repeated during the retention interval (ISI). (b) The rate of tapping for
each finger. (c) The latency between the end of the standard series and the start of finger
movement.

As shown in Figure 7-6, the number of times that the tapped pattern was repeated
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during the retention interval filled with interfering melodies (Experiment 7-2) or series of
note names (Experiment 7-3) was more than that occurred in the blank retention interval
(Experiment 7-1). In other words, as shown in Figure 7-7, the rate of tapping for each
finger was faster in Experiments 7-2 and 7-3 than in Experiment 7-1. Moreover, the rate
became faster as melody length increased and as ISI duration increased. For example,
though it takes 700 msec per one tone of the stimulus melody, it took about 330 msec for
each finger, corresponding to one tone of the stimulus melody, in the short ISI of the 6-
tone melody in Experiment 7-1 ; that is, the rate of tapping was about twice the rate of the
stimulus melody. On the other hand, it took about 180 msec for each finger in the long ISI
of the 10-tone melody in Experiment 7-3 ; that is , the rate of tapping was about four times
the rate of the stimulus melody. The data in Figures 7-5 and 7-6 support the interpretation

of the Analyses 1, 2 and 3.

Sternberg, Monsell, Knoll, and Wright (1980) and Sternberg, Wright, Knoll, and Mon-~
sell (1980) reported a series of studies of the timing of rapid prespecified action sequences
in speech and typewriting. Results showed that the mean latency for rapid reciting of a pre—
specified utterance increased approximately linearly with list length (n<6) ; the slope is 7.3
+ 0.7 msec/word (284.9 + 7.3(n-1) msec). The mean rate increased approximately linearly
with list length (n<6) ; the slope is 180.4 + 12.0(n-1) msec/word for two—syllable words.
The mean latency for typewriting of lists of letters by fingers on one hand increased approx-
imately linearly with list length (2<=n<=5) ; the slope is 4.1 + 1.3 msec/letter (226 + 4.1(n—
1) msec). The mean rate increased approximately linearly with list length (2<=n<=5) ; the
slope is 142.9+14.1(n-1) msec/letter with one hand. Therefore, Sternberg, et al. concluded
that increments in sequence length increased the time to initiate the first response element

(latency effect) and also increased the average time interval from one unit to the next (rate

effect).
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The number of taps rehearsed during each ISI for each melody length
in Experiments 7-1, 7-2, & Experiment 7-3 (N=8). Dotted line
indicates that, for example, the middle ISI is twice as long as the
standard series, therefore, if subjects tapped at the same rate as each
tone of the standard series, they tapped twelve in the case of the 6-
tone series. Twelve taps means that the 6-tone standard series was
rehearsed twice; or 21 taps means that it was rehearsed three times
plus 3 taps.
Notes.
Experiment 7-1 : blank interval condition, Experiment 7-2 : interfering

melody condition, Experiment 7-3 : interfering note names condition.

163



RATE OF TAPPING

msec ® EXPERIMENT 7-1

350 -tap _ i O EXPERIMENT 7-2
A EXPERIMENT 7-3
300 - .\‘\Q i
ss0k A\A\A i O\O\O I
A\‘-\A

200F - _

s ML S ML S ML g

6-TONE 8-TONE 10-TONE
Figure 7-7.

The rate of tapping for each finger, for each melody length and each
ISI in Experiments 7-1, 7-2, & Experiment 7-3 (N=8).
Notes. Experiment 7-1 : blank interval condition, Experiment 7-2 : interfering
melody condition, Experiment 7-3 : interfering note names condition.
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Latency period between the end of the standard series and the start of tapping
for each melody length in Experiments 7-1, 7-2, & Experiment 7-3 (N=8).



In contrast, in the present experiments, the rate of tapping for each finger became faster
(Figure 7-7) and the latency became shorter (Figure 7-8) as melody length increased.
Furthermore the latency in Experiments 7-2 and 7-3 was shorter than that in Experiment
7-1 ; tapping started earlier in Experiments 7-2 and 7-3 (interference conditions) than in
Experiment 7-1 (blank-interval condition). This may indicate that in the challenging condi~
tions in terms of melody length and interfering stimuli, the subjects may have been men-
tally prepared to start tapping earlier and to repeat the pattern as many times as possible,
before the memory of the standard melody was disturbed by interfering stimuli. When the
standard melody had ten tones, the latency was remarkably shorter. As shown in Figure 7-
8, in the interference conditions subjects started tapping about 450 msec after they heard
the last tone of the 10-tone standard melody. On the other hand, in the blank-interval
condition, latency was about 610 msec for the 10~tone melody. Therefore the latency

could be reduced about 160 msec by mental preparation and effort.

Latency period could well be an important indicator of cognitive processes, because this
period would involve various stages such as : auditory stimuli are transmitted through
sensory nerves to the auditory areas of the brain and are perceived ; then via various audi~
tory information processing stages they are replaced by motor codes and are transmitted
through motor nerves, thus starting the finger movements. During the retention interval, the
subjects manage to use the appropriate fingers to match the pitch information in memory,
and they repeat the finger movement pattern as many times as possible. With the repetition
of finger movements, the movement becomes more accurate and the rate gradually
becomes faster. The elaborate fingering is transmitted to the motor area of the brain, and
then the intermodal coordination between auditory pitch information and finger movements

would be formed. Thus, the pitch information would be encoded and retained by means of

the motor representations.
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A series of studies on the latency properties of typing (Shaffer, 1973, 1975 ; Shaffer &
Hardwick, 1970) has led to the conclusion that output is produced in two stages. It is
assumed that the first stage translates its string simultaneously and deposits the response
codes in a buffer memory, while the second stage converts response codes iteratively into
finger movements. The two stages overlap in time, so that the contents of the buffer can be
regarded as a queue of elements with service (response translation) at one end and bulk
renewal at the other. The second stage would require supplementary information about the
location of the hand following the previous responses.

Rumelhart and Norman (1982) proposed the simulation model of information processing
system involved in typing : The input of the model is a string of characters that constitute
the text to be typed. The perceptual processes output their identification of the input to a
buffer which maintains the information while the appropriate response (key press) schemata
are activated and take control of the actions. The output is a sequence of finger movements,
either displayed on a visual computer—controlled display as the movement of the hands and
fingers over a typewriter keyboard, or as a series of coordinate locations for the relevant

body parts.

In Figure 7-9, an example of the fingering of the tapping with the 6—tone series is illus—
trated. The five steps of bar height from bottom to top correspond to the five fingers from
thumb to little finger. The bar width indicates the duration of touching between the tip of
the finger and the aluminum board. An overlap between two successive bars indicates that
the two fingers were simultaneously touching the aluminum board. Figure 7-9 shows the
following : (a) Latency in Experiment 7-2 (interfering melody) was shorter than in Exper—
iment 7-1 (blank-interval condition) ; that is, tapping started earlier in Experiment 7-2
than in Experiment 7-1. (b) During the retention interval, subjects repeated the tapping

much faster and more often in Experiment 7-2 than in Experiment 7-1. It appears that,
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especially in the interference condition, subjects concentrated on moving their fingers to
memorize and encode the pitches. (¢) Subjects gradually triéd to use more appropriate
fingers. Tapping with accurate and elaborate fingering was repeated gradually faster and the
amount of tapping increased as time passed. It appeared that during the retention interval
subjects came to repeat the movement of tapping automatically. When the comparison
melody started, subjects reconstructed their memory for the pitches from their finger
movements, matching the pitches of the comparison melody one by one.

The tapping data indicated other results. When the comparison series was the same as
the standard series, the subjects continued tapping to match tones and taps one by one,
until they heard all the tones of the comparison series. Thus subjects carried out exhaustive
scanning (Sternberg, 1966). When the comparison series was the different from the stand-
ard series ; in the case of Cs (lower panel of Figure 7-9), exhaustive scanning also tended
to be performed ; while in the case of Es (upper panel of Figure 7-9), the moment they
listened to a different pitch from the standard series subjects tended to stop tapping. That
is, they performed self-terminating search (Sternberg, 1966). In other words, when the
subjects employed the tapping strategy (in Session 2), they could detect the different pitch

more accurate in Es than in Cs from their motor representations (Figure 7-5).

Experiment 7 was designed to investigate whether the finger-tapping would be effective
as a pitch encoding strategy. The conclusions based on these experiments were as follows :

First, for subjects who were highly trained in music, employing the external motor
encoding strategy of tapping could be more effective than using internal encoding strate—
gies ( pitch rehearsal, representations of melodic contour or staff notation, or verbal re-
hearsal of note names) to encode and retain the pitches of melodies. The finding is similar

to the view that motor—enactment encoding is more effective than visual-imagery encoding
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on free recall performance of words (Engelkamp, 1986, 1988).

Second, the tapping effect became stronger as the melody length and as ISI duration in—
creased. This was especially true where there were interfering melodies or series of note
names during the retention interval. While it would be difficult for subjects to use internal
encoding strategies in these challenging situation, motor encoding strategy would be stable
or robust. Subjects made the effort to rehearse the tapped pattern much faster and more
often in order to retain the standard series. During the retention interval, they gradually
tried to use more appropriate, accurate, and elaborate fingering (Figure 7-9). While Cohen
(1983) suggested that in subject-performed tasks (SPTs), subjects's conscious rehearsal
was not observed and there are no effects of elaboration on recall performance, in Experi-
ment 7 motor elaboration and subjects' conscious efforts to rehearse action were observed
in the process of motor encoding.

Third, in order to repeat the tapping many times in certain situations, subjects would
start the tapping as early as possible, as reflected in the reduction of the latency period.
Internal encoding strategies (such as humming, visualizing, and verbalizing) could not be
observed by measuring the number of times and the rate of rehearsal, or the duration of
latency between the end of the auditory stimulus and the start of rehearsal. On the other
hand, the external encoding strategy of tapping could be observed and analyzed by these
measures. Therefore, the second and third conclusions are supported by the data.

Fourth, when not employing the tapping strategy, subjects processed contour and pitch
as independent features, and each of them could be an effective cue for melody recogni-
tion, as found in Experiment 1 (e.g., Deutsch, 1977 ; Dowling, 1971, 1972, 1978 ; Dowling
& Fujitani, 1971 ; Kallman & Massaro, 1979 ; Mikumo, 1992d). Subjects could thus use
contour as a cue for melody recognition, especially under interference conditions and as
melody length increased (e.g., Edworthy, 1985). Moreover, subjects used contour as a cue

with short ISI durations, while they used pitch as a cue with long ISI durations (e.g.,
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Dewitt & Crowder, 1986 ; Dowling & Bartlett, 1981). When the external motor encoding
strategy of tapping was employed, the finger movement tended to assimilate the cues of
contour and pitch as ISI duration increased ; that is, the finger movement served as an
effective means of encoding.

Fifth, each subject would have their own individual dominant internal encoding strategy
in ordinary conditions without interference. When subjects were instructed to employ the
tapping strategy or when they were under conditions where it was difficult to use their own
strategies, they could employ the motor encoding strategy effectively on their own. Since
some subjects could not employ the motor encoding strategy independently of verbal
encoding, it was necessary for them to employ a multi-coding strategy. This finding is
similar to the view that action~event memory is not independent of verbal memory (Ohta,

1993).

The results regarding explicit motor representations found in Experiment 7 provide
some evidence supporting important views proposed in the levels—of—processing theory.
The greater the degree of challenge in terms of melody length, ISI duration and interfering
stimuli, the greater the efforts of the subjects to reduce the latency and to make elaborative
and rapid finger movements. This finding supports the view that cognitive (conscious)
effort is used for encoding (Battig, 1979 ; Jacoby & Craik, 1979 ; Lockhart, Craik, &
Jacoby, 1976). As shown in Figure 7-9, it was also found that the finger movements gradu—
ally became more appropriate, accurate and rapid during the retention interval. This finding
supports the view of a continuum of rehearsal operations running from the minimal process—
ing necessary to repeat a word continuously to various types of elaborative processing
involving either further enrichment of one item or associative linkage of several items
(Craik, 1979), and the view that the encoding process gradually spreads and becomes

richer and more elaborative (Anderson & Reder, 1979 ; Craik & Tulving, 1975 ; Lockhart,
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Craik, & Jacoby, 1976). Craik and Tulving (1975) explained in terms of verbal stimulus
that the minimal core encoding can be elaborated by a context of further structural,
phonemic, and semantic encodings. Thus, the more the subjects rehearsed elaborative tap-

ping, the greater the recognition performance became (e.g., Rundus, 1971, 1977, 1980 ;
Rundus & Atkinson, 1970 ; Rundus, Loftus, & Atkinson, 1970).

Graphic illustration of the finger movements as in Figure 7-9 revealed that the contour
of bar lines was similar to the melodic contour of the standard series ; this provides strong
evidence that there is auro-motor coordination (with visual mediator). Furthermore, this
intermodal analogy would be based on spatio-motor representations of the relationship
between the internal representation of the keyboard's spatial properties and the finger
movement pattern. The relationship between this spatio—motor representation and visuo-

spatial representation was investigated in Experiments 8 and 9.
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EXP. 7-1

.;G O _9_‘—‘
Little 5 — w .
Third 4
Middle 3
Index 2
EXP. 7-2 LATENCY TIME

Little 5
Third 4
Middie 3
Index 2
Thumb 1

1%l | 11N

r
LATENCY TIME

Figure 7-9.

Illustration of the movements of each finger during employment of
tapping strategy during ISI in Experiments 7-1 & 7-2. Exhaustive
scanning could be seen in Contour—preserving comparison (lower
panel), and self-terminating search could be seen in Exchanging com-
parison (upper panel).

Notes.
Experiment 7-1 : blank interval condition,

Experiment 7-2 : interfering melody condition.
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EXPERIMENT 8

Image of Spatial Configurations for Pitch

When pitch information is encoded, various strategies are employed ; for example,
verbal rehearsal of note names, pitch rehearsal through humming or mental rehearsal,
visualizing melodic contours or notations, or motor encoding with finger movements
analogous to playing the piano, as described in Experiments 1 to 7. Especially in the visu~
alizing or motor encoding strategy, visuo-spatial configurations are used to construct
intermodal representations for auditorily presented tones.

Walker (1978, 1981) reported many examples, obtained from children, concerning
intermodal analogies between pitch as an auditory stimulus and deployment of visual space.
For example, some older children formed an intermodal analogy between pitch and posi~
tions along with a vertical ordinate, or between pitch and shape or texture deployments ; a
few children matched perceived movements in auditory space with horizontal movements
in the visual field ; some younger children matched pitch movements with size differences.
Davidson & Scripp (1988) also investigated children's musical intermodal representations.

Pratt (1929) has reported that the composer Berlioz suggests that high and low tones for
the pianist lie in the horizontal directions of right and left, and that the violoncellist must
reach downward to produce high tones. In Pratt's experiment (1929), the results showed that

high tones are phenomenologically higher in space than low ones.

In Experiment 8, relationships between the visuo-spatial configurations for pitch and the

motor system used in playing an instrument were investigated (Mikumo, 1993a,d). As de-
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scribed in Experiment 7, for the subjects highly trained in playing an instrument, the coor-
dination between auditory pitch information and finger movements has been experienced in

relationship to the internal representation of the instrument's spatial properties.

Method

Subjects

Forty—nine subjects who were highly trained in music majoring in piano, violin, violon-
cello or vocal music, and 17 female subjects who were less well musically trained major-
ing in literature or domestic science participated in this experiment. Dividing the highly
trained subjects by instrument, the number of subjects in the piano, violin, violoncello, and
vocal group was 17, 15, 9 and 8, respectively. Their average age, age range, average years
of formal training in the specific instrument or vocal music, and the range of years of train—

ing, respectively, are shown below :

Group Age (yeas) Experience (years)
GroupP  (Piano) 21.2 (19-23) 16.8 (13-19)
Group Vn (Violin) 22.0 (19-24) 17.1 (13-20)
Group Vc (Cello) 23.6 (19-26) 10.3 (8-15)
Group Vo (Vocal) 22.7 (20-25) 9.7 (7-13)
Group G (General) 20.8 (18-22) 22 (0-4)

In each highly trained group, each subject had had at most five years of formal training in
an instrument other than the one indicated. Of the subjects in Group G, none were current—

ly playing a musical instrument.
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Materials

Each trial involved a standard series followed by a retention interval with a visual track—-
ing task and then by a comparison series. Of the comparison series, half were exactly the
same as the standard series, and the other half were different from the standard. Both the
standard and comparison series consisted of eight tones taken from an equal-temperament
scale, which ranged from A, (220.0 Hz) to E, (659.26 Hz). The duration of each tone was
700 msec (600 msec with 100-msec silence), so that the length of the 8-tone series was
5.6 sec. All of the series were tonal melodies in a major key, and were high in tonal
melodic structure according to conventional Western rules. They involved a wide variety of
contours.

During the retention interval, the visual tracking task was interpolated. The subjects
were required to track a circle on a computer display, which appeared successively at 16
points with a slight interval, corresponding to twice the 8~tone standard series. The circle
seemed to move with 16 fixed points in each of six directions ; that is, in the X-, Y-, or Z-
direction (i.e., left-right, up-down, or backward-forward in perspective), each movement
had a positive or negative direction. X-positive direction indicates that the circle moves
spatially Rightward (XR) corresponding to higher pitch, whereas X-negative direction
indicates that the circle moves spatially Leftward (XL) corresponding to higher pitch. Y-
positive direction indicates that the circle moves spatially Upward (YU) corresponding to
higher pitch, whereas Y-negative direction indicates that the circle moves spatially
Downward (YD) corresponding to higher pitch. Z-positive direction indicates that the
circle moves Forward in perspective (ZF) corresponding to higher pitch, whereas Z-
negative direction indicates that the circle moves Backward in perspective (ZB) corre-
sponding to higher pitch. There were three types of movements of the circle. "Same" (S)
indicated that circle movement was exactly the same as that of the 8—tone standard series ;

the circle moved with eight fixed points, and the visual distances between the fixed points
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exactly corresponded to the auditory pitch intervals of the standard series. "Contour—
preserving" (C) was obtained by changing the pitch of two tones preserving the melodic
contour (the ascending and descending pattern) of the standard series ; the visual distances
between the fixed points were somewhat different from the auditory pitch intervals.
"Exchanging" (E) was obtained by exchanging the order of two successive tones in the
standard series ; the visual distances between the fixed points were completely different
from the auditory pitch intervals. Therefore, the circle moving in one of 18 patterns ( 6
directions X 3 types ) on the computer display was the visual stimulus interpolated during
the retention interval. The combinations of the 6 directions ( XR, XL, YU, YD, ZF, ZB )
with the 3 types (S, C, E) are indicated by the terms XR-S, XR-C, XR-E, XL-S, XL-C,
XL-E, YU-S, YU-C, YU-E, YD-S, YD-C, YD-E, ZF-S, ZF-C, ZF-E, ZB-S, ZB-C,
and ZB-E. In the case of the X- and Y-direction, the circle with a diameter of 1.5 ¢cm
moved horizontally or vertically, whereas in the case of the Z~direction, the circle with a
diameter of 0.5 cm (backward) to 2.0 cm (forward) moved on a center line between two
side lines in perspective. The circle appeared with a constant duration of 500 msec® on
eight fixed points in a series, and the series (4.0 sec) was repeated twice during the reten~
tion interval. The interval between the former half and the latter half was also 500 msec.
Therefore, each trial involved a 5.6-sec standard series followed by a 2.0-sec interval, an
8.5-sec visual tracking task, a 2.0-sec interval, and then a 5.6-sec comparison series.
The tones of the standard and comparison series were generated by an NEC PC-9801

26K sound synthesizer board installed on an NEC PC-9801 DA personal computer, record-
ed on tape, and presented over high-quality sound reproduction equipment (DENON digi-

tal audio tape recorder DTR-80P).

Procedure

Each subject sat in front of a personal computer and wore headphones, and all tones
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were adjusted to be equal in loudness. The subjects were instructed that this was an experi~
ment on memory for melodies, and that in each of the 72 trials, they would first see a trial
number on a computer display, then hear a first melody (standard series), which would be
followed by a visual tracking task in which a circle would move corresponding to twice the
8-tone first melody, and then a second melody (comparison series). The interval between
trials was 15 sec. The subjects were required to judge whether the two melodies were the
same or different in pitch, and to indicate their judgments by writing "S" (Same) or "D"
(Different) on an answer sheet. They were also required to rate the incompatibility experi—
enced when visually tracking the circle movement on a five-point scale, with responses
ranging from "no incompatibility (0)" to "very high incompatibility (4)". The subjects
were also instructed that they should fixate their eyes on and track the movement of the cir-
cle, but that they should not employ any motor encoding strategy analogous to playing the
piano. Four practice trials with feedback were given to the subjects prior to the 72 trials.
For this experiment, three lists were prepared and each list involved 72 trials. These
lists were counterbalanced between subjects in each group, to minimize the differences
among the trials in each of the 18 patterns of visual stimuli in difficulty. In each list, four
trials were run for each pattern of visual stimuli. The 18 patterns of visual stimulus were

alternated, and the order of presentation of all 72 trials was randomized.

Results and Discussion

Recognition probability data (hit rate plus correct rejection rate) and incompatibility
data for 18 visual patterns were calculated in each group.
Recognition probability data for S (Same) in the six directions (XR-S, XL-S, YU-S,

YD-S, ZF-S, ZB-S) in each group were analyzed in a one-way analysis of variance, with
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repeated measure on Pattern factor. When a significant main effect of Pattern factor was
obtained, multiple comparisons among the six patterns were analyzed using Newman-
Keuls method. In Group P, there was a significant main effect of Pattern [ F(5,80)=5.54,
p<.001 ]. The main effect indicates that the recognition probabilities for YU-S and XR~S
were significantly higher than that for XL-S (significance levels between YU-S and XIL-
S, and XR-S and XL-S were both p<.01). In Group Vn, there was a marginal main effect
of Pattern [ F(5,70)=2.24, p=.059 ], but there were no significant differences among these
six patterns. In Group Vc, there was a significant main effect of Pattern [ F(5,40)=5.35,
p<.01 ]. The main effect indicates that the recognition probabilities for ZB-S and YD-~S
were significantly higher than that for XL-S (both p<.01). In Groups Vo and G, there was
no significant main effect of Pattern.

Incompatibility data for S (Same) in the six directions (XR-S, XL-S, YU-S, YD-S,
ZF-S, ZB-S) in each group were analyzed in a one-way analysis of variance with repeat—
ed measure on Pattern factor. In Group P, there was a significant main effect of Pattern [
F(5,80)=5.15, p<.01 ]. The main effect indicates that the incompatibilities for YU-S and
XR-S were significantly lower than that for XL-S (significance levels between YU-S and
XL-S, and XR~S and XL-S were both p<.01). In Group Vn, there was a significant main
effect of Pattern [ F(5,70)=5.98, p<.001 ]. The main effect indicates that the incompatibili-
ties for YU-S and ZF-S were significantly lower than those for XL-S and YD-S (signifi-
cance levels between YU-S and XL-S, YU-S and YD-S, ZF-S and XL-S, and ZF-S and
YD-S were all p<.01). In Group Vc, there was a significant main effect of Pattern [
F(5,40)=6.75, p<.001 ]. The main effect indicates that the incompatibilities for ZB-S and
YD-S were significantly lower than that for XL-S (both p<.01). In Group Vo, there was a
significant main effect of Pattern [ F(5,35)=3.38, p<.05 ]. The main effect indicates that the
incompatibility for XR-S was significantly lower than those for YU-S and ZF-S (both
p<.05). In Group G, there was a significant main effect of Pattern [ F(5,80)=3.35, p<.01 ].
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The main effect indicates that the incompatibilities for ZB-S and YU-S were significantly

lower than that for YD-S (both p<.05).

Recognition probability data in the five groups (P, Vn, V¢, Vo, G) for S(Same) in each
of six directions were also analyzed in a one-way analysis of variance with repeated
measure on Group factor. For Pattern XR-S, there was a significant main effect of Group [
F(4,61)=3.25, p<.05 ]. The main effect indicates that the recognition probabilities in Groups
Vn and P were significantly higher than that in Group G (significance levels between
Groups Vn and G, and Groups P and G were both p<.05). For Patterns XL-S and YU-S,
there was no significant main effect of Group. For Pattern YD-S, there was a significant
main effect of Group [ F(4,61)=4.29, p<.01 ]. The main effect indicates that the recognition
probabilities in Groups Vo and Vc were significantly higher than that in Group G (both
p<.05). For Pattern ZF-S, there was a significant main effect of Group [ F(4,61)=7.27,
p<.001 ]. The main effect indicates that the recognition probability in Group Vn was signif—-
icantly higher than that in Group Vc (p<.05) and than that in Group G (p<.01). For Pattern
ZB-S, there was a significant main effect of Group [ F(4,61)=4.59, p<.01 ]. The main
effect indicates that the recognition probabilities in Groups Vc and Vo were significantly
higher than that in Group G (both p<.05).

Incompatibility data in the five groups (P, Vn, V¢, Vo, G) for S (Same) in each direction
were analyzed in a one-way analysis of variance with repeated measure on Group factor.
For Pattern XR~S, there was a significant main effect of Group [ F(4,61)=4.54, p<.01 ].
The main effect indicates that the recognition probabilities in Groups Vo and P were signif-
icantly lower than that in Group G (significance levels between Groups Vo and G, and
Groups P and G were both p<.01). For Pattern XL-S, there was a significant main effect of
Group [ F(4,61)=2.58, p<.05 ], but there were no significant differences among the five

groups. For Pattern YU-S, there was a significant main effect of Group [ F(4,61)=4.44,
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p<.01]. The main effect indicates that the recognition probabilities in Groups Vn and P
were significantly lower than that in Group G (both p<.01). For Pattern YD-S, there was a
significant main effect of Group [ F(4,61)=6.39, p<.001 ]. The main effect indicates that the
recognition probabilities in Groups Vo and Vc were significantly lower than that in Group
G (both p<.01). For Pattern ZF-S, there was a significant main effect of Group |
F(4,61)=3.55, p<.05 ]. The main effect indicates that the recognition probability in Group
Vn was significantly lower than that in Group G (p<.01). For Pattern ZB-S, there was a
significant main effect of Group [ F(4,61)=4.17, p<.01 ]. The main effect indicates that the
recognition probability in Group V¢ was significantly lower than those in Groups G and Vn

(both p<.05).

When there was high recognition probability and low incompatibility in Pattern YU-S,
for example, it would indicate that performance was facilitated by visual tracking of the
circle which moved vertically upward corresponding to higher pitch, preserving exactly the
same distance between fixed points (i.e., circles) as the pitch intervals of the standard
melody ; that is, the subject would have an image of spatial configuration in which the
upper direction corresponded to higher pitch. In Pattern XL-S, when there was low recog~
nition probability and high incompatibility, it would indicate that performance was disrupt—
ed by visual tracing of the circle which moved horizontally leftward corresponding to
higher pitch ; that is, the subject would not have a spatial image showing the left direction
as corresponding to higher pitch.

From this, the common results derived from those four types of ANOVASs raise the
following suggestions (Figure 8-1, Table 5) : For piano majors, the performance was sig~
nificantly facilitated by XR-S and YU-S, and it was significantly disrupted by XL-S.
Therefore, they would have spatial images in which the right and upper directions are

compatible with higher pitch, while the left direction is incompatible with higher pitch.
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For violin majors, the performance was significantly facilitated by ZF-S, and it was sig-
nificantly disrupted by XL~-S and YD-S. Therefore, they would have a spatial image in
which the forward direction is compatible with higher pitch, while the lower and left direc—
tions are incompatible. For violoncello majors, the performance was significantly facilitat-
ed by YD-S and ZB-S, and it was significantly disrupted by XL-S. Therefore, they would
have spatial images in which the lower and backward directions are compatible with higher
pitch, while the left direction is incompatible. For vocal music majors, the performance
was significantly facilitated by XR-S, YD-S and ZB-S, and it was not significantly dis-
rupted by any pattern. Therefore, they would have spatial images in which the right, lower
and backward directions are compatible with higher pitch. For the subjects in Group G, the
performance was significantly facilitated by YU-S, and it was significantly disrupted by
YD-S. Therefore, they would have a spatial image in which the upper direction is compati—
ble with higher pitch, while the lower direction is incompatible. In Figure 8-1, the black
bars indicate the compatible directions and the dotted-line bars indicate the incompatible

directions in each group.

Table 5

Compatible and incompatible spatial directions with higher pitch for each group

Group Compatible Incompatible
direction(S) direction(s)
Group P (Piano) XR YU XL
Group Vn (Violin) ZF XL YD
Group Ve (Cello) YD ZB XL
Group Vo (Vocal) XR YD 7B
Group G (General) YU YD
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There are some relationships between the motor system in playing an instrument and
the spatial configuration for pitch. On the keyboard of a piano, higher pitch keys are located
on the right, and lower pitch keys on the left. On the finger-board of a violin, higher pitch
fingering positions are located in a forward direction, and lower pitch fingering positions in
a backward direction. The violin majors reported that the two side lines of ZF stimuli
seemed like the finger—board in playing the violin in perspective. On the finger-board of a
violoncello, higher pitch fingering positions are located in a lower direction, and lower
pitch fingering positions in an upper direction. The violoncello majors reported that, in
playing a violoncello, close-forward fingering positions produce low pitch, and far-
backward fingering positions high pitch. Therefore, the movement of the circle in the
close~forward direction corresponding to lower pitch and that in the far-backward direc—
tion to higher pitch in ZB stimuli in perspective felt highly compatible. Moreover, they
felt high compatibility between low pitch and large circles in the forward position, and
between high pitch and small circles in the backward position in ZB stimuli. The perform-
ance of the vocal music majors showed a tendency similar to that of the violoncello majors.
The vocal music majors reported that when they sing in high pitch, they attempt to draw in
the chin, to stretch the back of the neck, and to look toward positions far below. For
example, when standing on a stage and singing in high pitch, they look toward the back
doors of the concert hall ; they reported that the two side lines of ZB stimuli in perspective
seemed like the side walls of a concert hall. In general, many people without special train—
ing in playing an instrument might innately have a spatial image in which the upper direc—
tion corresponds to higher pitch. One reason for this might be that most people have experi-

ences with notes represented on a staff since their childhood in school.

Recognition probability data and incompatibility data for each of the 18 visual patterns
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in the five groups are shown in Figure 8-2, and the differences in incompatibility between
Cand S, and between E and S calculated in six directions are shown in Figure 8-3. In
Figures 8-2 and 8-3, the black bars indicate the compatible directions and the dotted-line
bars indicate the incompatible directions in each group. As described above, C indicates
that the circle moved with eight fixed points and two of them somewhat deviated from the
exact positions of the standard melody. E indicates that the order of two successive points
of eight fixed points was exchanged, and that these two points completely deviated from the
exact positions of the standard melody. Therefore, the incompatibility data for C minus S
and for E minus S in each direction would become an indicator of the detective power for
the deviation between the visual distances of fixed points (i.e., circles) and the auditory
pitch intervals. High incompatibility for C minus S or for E minus S would indicate high
detective power for the deviation in each direction.

As shown in Figure 8-3, it was found that the detective power for E was consistently
higher than that for C. For the piano majors, the detective power for C and E was signifi-
cantly higher in the compatible spatial directions of XR and YU than in the incompatible
direction of XL (significance levels between XR~C and XL~C, XR-E and XL-E, YU-C
and XL-C, and YU-E and XL-E were all p<.01). For the violin majors, the detective
power for C and E was significantly higher in the compatible direction of ZF than in the
incompatible directions of XL and YD (significance levels between ZF-C and XL-C, and
ZF-C and YD-C were p<.05 ; between ZF-E and XL-E, and ZF-E and YD-E were
p<.01). For the violoncello majors, the detective power for C and E was significantly
higher in the compatible directions of YD and ZB than in the incompatible direction of XL
(significance levels between ZB-C and X1.-C was p<.05 ; between YD~E and XL-E, and
ZB-E and XL~E were p<.01) . For the subjects in Group G, the detective power for C and
E was somewhat but not significantly higher in the compatible direction of YU than in the

incompatible direction of YD.
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It was found that the detective power for the deviation between visual distances of fixed
points (i.e., circles) and auditory pitch intervals was higher in spatial directions compatible
with pitch than in the incompatible directions. When pitches in melodies were encoded, the
visuo-spatial representations for pitch information were considerably more accurate in the
compatible spatial directions related to the motor system used in playing the instrument.
The purpose of Experiment 9 was to investigate whether eye movements reflect the process

involved in rehearsing or maintaining the visuo—~spatial representations.
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Footnote (5)

see Experiment 4.
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Figure 8-1.
Mean probability of correct recognition (hit rate plus correct rejection rate)
and Incompatibility for the S type in the six directions in the five groups.
Circles indicate recognition probability and bars indicate incompatibility.
Black bars indicate the compatible directions and dotted—-line bars indicate
the incompatible directions in each group.
Notes.
R : Rightward U : Upward F : Forward

L : Leftward D : Downward B : Backward
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Mean probability of correct recognition (hit rate plus correct rejection rate)
and Incompatibility for the three types (S, C, E) in the six directions in the
five groups. Circles indicate recognition probability and bars indicate
incompatibility. Black bars indicate the compatible directions and dotted—
line bars indicate the incompatible directions in each group.

Notes.
S:Same C: Contour-preserving E : Exchanging
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Figure 8-3.
Mean detective power for the two types (C, E) in six directions in the five
groups. Black bars indicate the compatible directions and dotted-line bars
indicate the incompatible directions in each group.

Notes.
Detective power for C = Incompatibility for C minus S in each direction.

Detective power for E = Incompatibility for E minus S in each direction.
(S :Same, C: Contour-preserving, E :Exchanging)
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EXPERIMENT 9

Eye Tracking of Visuo-Spatial Representations

In Experiment 8, the results showed that when pitches are encoded internal visuo-spa-
tial representations are utilized for pitch information, and that these representations are
more accurate in compatible spatial directions related to the motor system used in playing
the instrument. As in Experiment 5, the purpose in Experiment 9 was to investigate whether
eye movements reflect the process involved in rehearsing or maintaining visuo-spatial
representations to encode pitch information. This experiment was focused on eye move—
ments specifically in the compatible and incompatible spatial directions for pitch in each
group found in Experiment 8 (Mikumo, 1994a,d).

In Experiment 9, in which the method was almost the same as that in Experiment 8, the
eye movements during the retention interval were recorded using an eyemark recorder. The
visual tracking task interpolated during the retention interval was prepared as the external
representation analogous to tracking the visuo-spatial image which would be constructed
by the auditory information of the standard memory. As in Experiment 5, subjects were
required to make a recognition judgment of melodies and to track the visual task. The
visual tracking task included some lure patterns, therefore, it was hypothesized that the
subject's involuntary matching between the visual task-tracking and mental image-tracking
would occur during the retention interval. Thus, accurate visual tracking in response to the
correct visual patterns and deviated or confused visual tracking in response to the lure
visual patterns in a direction® would imply that the direction was compatible with pitch,

and that the subjects had retained accurate visuo~spatial representations for pitch informa-
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tion and precisely tracked their visuo-spatial image while encoding pitches. On the other
hand, deviated or confused visual tracking in response to even the correct visual patterns in
a direction would imply that the direction was inconsistent with subject's visuo—spatial

representations for pitch.

Method

Subjects

Twenty subjects who were highly trained in music majoring in piano, violin, violoncello
or vocal music (five subjects for each instrument), and five female subjects who were less
well musically trained majoring in domestic science participated in this experiment. Their
average age, age range, average years of formal training in the specific instrument or vocal

music, and the range of years of training, respectively, are shown below :

Group Age (yeas) Experience (years)
GroupP  (Piano) 20.8 (19-23) 15.3 (13-19)
Group Vn (Violin) 22.2 (19-25) 16.9 (15-20)
Group Vc (Cello) 23.4 (21-26) 11.3 (10-14)
Group Vo (Vocal) 22.3 (20-24) 92 (7-12)
Group G (General) 21.2 (21-23) 2.8 (0-5)

In each highly trained group, each subject had had at most five years of formal training in
an instrument other than the one indicated. Of the subjects in Group G, none were current—

ly playing a musical instrument. All subjects had good eyesight without glasses or contact

lenses. None of the subjects were those employed in Experiment 8.
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Materials

Each trial involved a standard series followed by a retention interval with a visual track—
ing task and then by a comparison series. Of the comparison series, half were exactly the
same as the standard series, and the other half were different from the standard. During the
retention interval, the subjects were required to track a circle on a computer display, which
appeared successively at 16 points with a slight interval, corresponding to twice the 8-tone
standard series. The circle seemed to move with 16 fixed points in a pattern, and it moved
in one of 18 patterns [ 6 directions (XR, XL, YU, YD, ZF, ZB) X 3 types (S, C, E) ] (see
Experiment 8). This experiment involved 18 trials corresponding to each of the 18 patterns.
The order of presentation of all 18 trials was randomized. In the case of the X-and Y-
direction, the circle with a diameter of 1.5 cm moved horizontally or vertically, whereas in
the case of the Z—-direction, the circle with a diameter of 0.5 cm (backward) to 2.0 cm
(forward) moved on a center line between two side lines in perspective. The circle appeared
with a constant duration of 500 msec® at eight points in a series, and the series (4.0 sec)
was repeated twice during the retention interval. The interval between the former half and

the latter half was also 500 msec.

Procedure

Each subject sat in front of a personal computer and wore the head unit(® of an eye
mark recorder (NAC Eye Mark Recorder model EMR~-600) ; the distance between the
computer display and the elliptical mirror unit was about 80 cm. All tones were adjusted to
be equal in loudness (approximately 50 dB SPL), and were presented via a loudspeaker.
The subjects were instructed that this was an experiment on memory for melodies, and that
in each of the 18 trials, they would first see a trial number on a computer display, then hear

a first melody (standard series), which would be followed by a visual tracking task in
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which a circle would appear at 16 points corresponding to twice the 8—tone first melody,
and then a second melody (comparison series). The interval between trials was 15 sec. The
subject's task was to judge whether the two melodies were the same or different in pitch
and to answer orally. The subjects were also instructed that they should track the circle
movements, and that they should not employ any motor encoding strategy analogous to
playing the piano. After fine adjustments were made to the head unit, the eyeball movement
characteristics for the individual subject were calibrated®. Three practice trials with feed-
back were given to the subjects prior to the 18 trials. The other aspects of the method were

the same as those in Experiment 8.

Results and Discussion

In this experiment, the subjects were to judge whether the standard series and the
comparison series were the same or different in pitch ; however, the purpose of this exper—
iment was not to analyzed the recognition probability, but to investigate the eye move-
ments during the retention interval.

In the 18 patterns [ 6 directions (XR, XL, YU, YD, ZF, ZB) X 3 types (S, C, E) ], the
eye—fixation duration on each of the 16 points where the circle appeared in the pattern
corresponding to twice the 8~tone standard series were measured. In each pattern, the
fixation durations on eight points in the latter half were available, because at the early stage
of the retention interval, the subjects' eye movements were not stable. In Figure 9, the
average duration of fixation as a function of the serial position in the latter half of each

pattern is shown in each group. The data were obtained from the subject's dominant eye.

The visual tracking task of circle movements was interpolated during the retention
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interval, while the subjects attempted to encode pitches of the standard series. When the
circle appeared at eight compatible points which were consistent with the subject's internal
visuo-spatial representations, it was hypothesized that it would be easier to track and fixate
them, therefore, the fixation durations on these points would be longer, and there would be
not marked differences among them. The circle appeared with a constant duration of 500
msec at each point, so that the fixation duration on each point would be 500 msec at most.
On the other hand, when the circle appeared at some incompatible points which were
inconsistent with the subject's internal visuo-spatial representations, it was hypothesized
that it would be difficult to track and fixate them for a long duration, therefore, the fixation

durations would be rather shorter on the unexpected points than on the others.

For piano majors, the compatible spatial directions for pitch found in Experiment 8
were the XR and YU directions. In control trials, in which a circle appeared successively at
eight points with a constant duration of 500 msec without standard and comparison series,
the fixation duration on each point was about 240 msec when the circle moved horizontally
(X~-direction) and about 270 msec when it moved vertically (Y-direction).

In XR-S and YU-S, in which the visual distances of points were exactly the same as
the auditory pitch intervals, there were not marked differences among the fixation dura—
tions on the eight points. Each duration was about 360msec in XR-S and about 390 msec in
YU-S, and they were much longer than those in the control trials.

Concerning C and E in these directions, in XR-C, a circle appeared at eight points, and
the fourth and sixth points somewhat horizontally deviated from the exact positions of the
standard melody. The fixation duration was much shorter on these points than on the oth—
ers, indicating that it was difficult to fixate the circle which appeared at deviated positions.
In XR-E, the sixth and seventh points horizontally exchanged order, so that these two

points were completely different from the exact positions of the standard melody. The fixa-
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tion durations were much shorter on these points than on the others, indicating that the
subjects could not track well the circle which appeared at these two deviated positions. In
YU-C, the fourth and sixth points somewhat vertically deviated, and the fixation dura-
tions were shorter on these points than on the others. In YU-E, the third and fourth points
vertically exchanged order, and the fixation durations were much shorter on these points
than on the others. As in XR-C, XR-E, YU-C and YU-E, the fixation durations were
markedly shorter on the unexpected points than on the others, indicating that there was
high detective power for the deviation between visual distances of points and auditory
pitch intervals in the XR and YU directions.

On the other hand, in the incompatible spatial direction of XL found in Experiment 8, it
was difficult to fixate the circle for a long duration even in XL-S, in which the visual dis—
tances of points were exactly the same as the auditory pitch intervals. The fixation duration
on each point was about 240 msec, and it was almost the same as that in the control trial. In
XL~C and XL-E, the fixation durations were short on all eight points, and each was also
about 240 msec, indicating that the subjects could not track well not only the circle which
appeared at deviated positions but also the circle which appeared at accurate positions. This
would indicate that there was not detective power for the deviation between visual distances

of points and auditory pitch intervals in the XL direction.

For violin majors, the compatible spatial direction for pitch found in Experiment 8 was
the ZF direction. In a control trial, in which a circle appeared successively at eight points
with a constant duration of 500 msec without standard and comparison series, the fixation
duration on each point was about 240 msec when the circle moved forward-backward (Z-
direction).

In ZF-S, there were not marked differences among the fixation durations on the eight

points. Each duration was about 350 msec and was longer than that in the control trial. In
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ZF-C, in which the fifth and seventh points somewhat deviated from the exact positions,
and in ZF-E, in which the fourth and fifth points exchanged order, the fixation durations
were much shorter on these points than on the others. As in ZF~C and ZF-E, the subjects
could not track well, especially the circle which appeared at unexpected points, indicating
that there was high detective power for the deviation between visual distances of points
and auditory pitch intervals in the ZF direction.

On the other hand, the incompatible spatial directions found in Experiment 8 were the
XL and YD directions. In control trials, the fixation duration on each point was about 220
msec when the circle moved horizontally (X-direction) and about 270 msec when it moved
vertically (Y-direction).

Even in XL-S or YD-S, it was difficult to fixate the circle for a long duration. The
fixation duration on each point was about 250 msec in XL.-S and YD-S and was almost the
same as those in the control trials. In XL-C, XL-E, YD-C and YD-E, the fixation dura-
tions were short on all eight points, and each duration was also about 250 msec, indicating
that the subjects could not track well not only the circle which appeared at deviated posi~
tions but also the circle which appeared at accurate positions. This would indicate that
there was not detective power for the deviation between visual distances of points and

auditory pitch intervals in the XL and YD directions.

For violoncello majors, the compatible spatial directions for pitch found in Experiment
8 were the ZB and YD directions. In control trials, in which a circle appeared successively
at eight points with a constant duration of 500 msec without standard and comparison ser~
ies, the fixation duration on each point was about 240 msec when the circle moved for-
ward-backward (Z-direction) and about 260 msec when it moved vertically (Y-direc-
tion).

In ZB-S and YD-S, there were not marked differences among the fixation durations on
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the eight points. Each duration was about 340 msec in ZB-S and YD-S and was longer

“than those in the control trials. In ZB-C, in which the third and sixth points somewhat
deviated from the exact positions, and in ZB-E, in which the fourth and fifth points ex-
changed order, the fixation durations were much shorter on these points than on the others.
In YD-C, in which the fourth and seventh points somewhat vertically deviated, and in
YD-E in which the fourth and fifth points vertically exchanged order, the fixation dura—
tions were much shorter on these points than on the others. As in ZB-C, ZB-E, YD-C and
YD-E, the subjects could not track well, especially the circle which appeared at unexpect—
ed points, indicating that there was high detective power for the deviation between visual
distances of points and auditory pitch intervals in the ZB and YD directions.

On the other hand, the incompatible spatial direction found in Experiment 8 was the XL
direction. In a control trial, the fixation duration on each point was about 240 msec when
the circle moved horizontally (X-direction).

Even in XL-S, it was difficult to fixate the circle for a long duration. The fixation dura-
tion on each point was about 250 msec and was almost the same as that in the control trials.
In XL-C and XL-E, the fixation durations were short on all eight points, and each dura-
tion was also about 250 msec, indicating that the subjects could not track well not only the
circle which appeared at deviated positions but also the circle which appeared at accurate
positions. This would indicate that there was not detective power for the deviation between

visual distances of points and auditory pitch intervals in the XL direction.

For vocal music majors, the compatible spatial directions for pitch found in Experiment
8 were the XR, YD and ZB directions. In control trials, in which a circle appeared succes—
sively at eight points with a constant duration of 500 msec without standard and compari-
son series, the fixation duration on each point was about 220 msec when the circle moved

horizontally (X~direction), about 260 msec when it moved vertically (Y-direction), and
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about 230 msec when it moved forward-backward (Z-direction).

In XR-S, YD-S and ZB-S, there were not marked differences among the fixation
durations on the eight points. Each duration was about 330 msec in XR-S and YD-S and
about 340 msec in ZB-S, and these durations were longer than those in the control trials.
In XR~C, in which the fourth and sixth points somewhat horizontally deviated from the
exact positions, and in XR-E, in which the sixth and seventh points horizontally exchanged
order, the fixation durations were much shorter on these points than on the others. In YD-
C, in which the fourth and seventh points somewhat vertically deviated, and in YD-E, in
which the fourth and fifth points vertically exchanged order, the fixation durations were
shorter on these points than on the others. In ZB-C, in which the third and sixth points
somewhat deviated, and in ZB-E, in which the fourth and fifth points exchanged order,
the fixation durations on these points were shorter than on the others. As in XR-C, XR-E,
YD-C, YD-E, ZB-C and ZB-E, the subjects could not track well, especially the circle
which appeared at unexpected points, indicating that there was high detective power for
the deviation between visual distances of points and auditory pitch intervals in the XR, YD

and ZB directions.

For the subjects in Group G, the compatible spatial direction for pitch found in Experi-
ment 8 was the YU direction. In a control trial, in which a circle appeared successively at
eight points with a constant duration of 500 msec without standard and comparison series,
the fixation duration on each point was about 260 msec when the circle moved vertically
(Y-direction).

In YU-S, there were not marked differences among the fixation durations on the eight
points. Each duration was about 330 msec and was longer than that in the control trial. In
YU-C, in which the fourth and sixth points somewhat vertically deviated from the exact

positions, and in YU-E, in which the third and fourth points vertically exchanged order,
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there were small differences between the fixation durations on these points and on the
others. This would indicate that, even in the compatible spatial direction of YU, there was
not high detective power for the deviation between visual distances of points and auditory
pitch intervals.

On the other hand, in the incompatible spatial direction of YD found in Experiment 8, it
was difficult to fixate the circle for a long duration in YD-S, YD-C and YD-E. The fixa-
tion duration on each point was about 240 msec and was shorter than that in the control
trial. In the YD direction as well, there was not detective power for the deviation between

visual distances of points and auditory pitch intervals.

It may be concluded that, especially in highly musically trained subjects, in the compat-—
ible spatial directions for pitch found in Experiment 8, in S type there were not marked
differences among the fixation durations on the eight points, and the duration was much
longer than in the control trial. This would indicate that, in the compatible spatial direction,
subjects could visually track well the circle movements which appeared at exact points as
the standard series. In C and E types in the compatible directions, the fixation durations
were markedly shorter on the inexact points than on the others, indicating that there was
high detective power for the deviation between visual distances of points and auditory
pitch intervals in the directions. These findings suggest that, while encoding pitches, the
subjects had retained accurate visuo-spatial representations for pitch information, and that
they precisely visually tracked their visuo-spatial images, which are more accurate in
compatible spatial directions related to the motor system used in playing the instrument.
The fixation duration data support the findings obtained in Experiment 8.

Furthermore, although none of the subjects employed in this experiment were those
employed in Experiment 8, the introspections reported by them were similar to those in the

subjects in Experiment 8.
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Unlike in Experiment 9, in Experiment 5, during the retention interval, eight circles of a
melodic contour or eight notes on a staff notation appeared successively from the left to the
right ; the number of circles or notes increased one by one with a constant duration up to
eight in a series, then all eight circles or notes once disappeared at once with a slight inter-
val, after which the series was repeated again. Therefore, when the circles or notes appeared
at deviated positions from the subject's internal representations, in some cases, especially
for the highly musically trained subjects, the subjects showed a response to the novelty of
the unexpected points. Thus, the fixation durations on these points were longer on the
others, or backward tracking to the unexpected points occurred.

On the other hand, in Experiment 9, a circle appeared at eight points successively with a
constant duration ; a circle appeared at one point, then, after a slight interval, the circle
appeared another point, so that the circle seemed to move with eight fixed points in a series
; and after 500 msec, the series was repeated again. Therefore, when the circle appeared at
deviated positions from the subjects's internal representations, the subjects' eye movements
were confused or lured by circle movement which appeared at unexpected positions. Thus,
the fixation durations on these points were rather shorter than on the others which appeared

at appropriate positions where were consistent with the subject's internal representations.

3k ok sk 5k sk sk sk ok ok ok sk 3k sk ok sk 3k 3k ok 3k ke 3k ol sk sk sk e sk sk 3 sk sk ofe sk s ok ok 3k ok sk sk sk sk sk ok 3k sk ke ke sk sk ok sk 3k sk ol sk sk 3k e sk ke ok 3k ok Ak vk sk ok e ok ke ke ke

Footnotes (3) and (5) —— see Experiment 4.
Footnotes (6) (7) and (8) ——— see Experiment 5.
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Figure 9.

Average duration of fixation for five groups as a function of the serial position
in the latter half of each pattern. In the visual tracking task, the circle actually
moved on an axis in the X-, Y-axis or Z—-axis in perspective. Black circles
indicate that their positions are deviated from the exact points.
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CHAPTER 7

SUMMARY AND CONCLUSIONS
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SUMMARY AND CONCLUSIONS

The purpose of this study was to investigate the encoding strategies for pitch informa-
tion of short melodies in terms of imagery—based multimodal representations. The findings
of these experiments are summarized below.

When the subjects were asked to memorize and retain the pitch information in short
melodies, the performance of the highly musically trained subjects was consistently better
than that of the untrained subjects, because the former subjects could listen analytically to
the musical series, with considerable attention to the internal relationships among their
components (i.e., pitch interval), and because they employed their own strategy effectively
or were motivated to try to employ several strategies at the same time to encode pitch
information. Under ordinary conditions, their dominant and effective strategy of encoding
the pitches of tonal melodies was verbal rehearsal of note names. When this verbal encod-
ing strategy was employed, pitch or pitch intervals could be retained accurately for a long

time (Experiment 1).

The neuropsycological evidence that the highly musically trained subjects use verbal
encoding strategy for tonal melodies was found in Experiment 3-3, in which the tonal
melodies, which are actually non-verbal stimuli in themselves but are "note name-evok-
ing" stimuli, would be processed as verbal stimuli in the left hemisphere. The preferential
left hemisphere lateralization found in the highly musically trained subjects would be due
to the cognitive "linguistic" structure of tonal melodies, which implies the likelihood that
pitches are encoded as verbal labels (note names) and that the processing of musical tasks

involves sequential programs most analogous to those of language and speech. On the
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other hand, the atonal melodies would be processed as non-verbal stimuli in the right
hemisphere. In Experiment 3-4, the stimuli were the melodies sung with note names at
accurate pitches, so that the subjects were given the verbal codes at the same time and it
was not necessary for them to encode pitches as verbal code (note names) by themselves. In
this experiment, the highly musically trained subjects could retain the pitches not only in
tonal melodies but also in atonal melodies as verbal codes ; when there was a possibility
that the pitches were encoded as note names, these melodies were processed in the left
hemisphere. However, the less well musically trained subjects could not encode pitches as
note names, even when the pitches in a melody and their verbal codes were given at the
same time, and they therefore processed tonal and atonal melodies as non—-verbal stimuli in

the right hemisphere.

The ability to encode pitch information as verbal labels would be closely related to the
ability to detect a 50-cent deviated tone out of a melody, because the 50-cent deviated
tone from an equal-temperament scale is the most difficult pitch to categorize into a note
name on a chromatic scale. Although the ability depends considerably on experience or
training in music, it was found that even those who were less well trained in music had
acquired the ability to some extent as their age increased. Moreover, the later the deviated
tone appeared in the melody, the greater the accuracy with which it was detected. In the
detection of a deviated tone out of a melody, the subject gradually constructs an internal
cognitive framework (scale schema) upon hearing the tones from the beginning of the
melody. This cognitive framework plays an essential role in the perceptual interpretation of
each succeeding tone, and the subjects can detect a deviated pitch out of a melody by refer-
ring to the framework. In this experiment, the subjects would constructed the diatonic scale
schema upon hearing the tonal melodies, so that the detection of a deviated tone out of the

tonal melodies was more accurate than out of the atonal melodies (Experiment 2).
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Since it was difficult for the less well musically trained subjects to encode pitches as
note names, they attempted to encode pitches as acoustic pitch codes through humming or
mental rehearsal of pitches, and this was also true for the highly trained subjects with atonal
melodies. In this case, they tended to listen globally to the pitch sequences on the basis of
the total configuration ; the melodic contour was the dominant and effective cue for encod-
ing pitch sequence (Experiment 1). Melodic contour is the other property as important as
pitch or pitch interval in terms of melody recognition, and there is an assumption that

various visual and auditory contours are perceived in broadly similar ways.

In Experiment 4, the auro—visual intermodal relationships based on visual representa—
tions were investigated. It was found that the less well musically trained subjects employed
a visualizing strategy in which an auditory contour (auditory imagery) was visualized as a
visual contour (visual imagery), and that visualization of auditory imagery as melodic
contours would be to some extent an effective strategy for them to retain pitch sequences.
Their internal visual representations of melodic contour roughly reflect the auditory pitch
intervals. In stead of melodic contour, the highly musically trained subjects visualized pitch
information as staff notations, in which notes appeared at accurate positions on a staff,
especially for tonal melodies. That is, the visual distance between notes in their internal
representations precisely reflect the auditory pitch intervals. Visualization of auditory
imagery as staff notations would be an effective strategy to encode pitches of melodies.

The evidence that the highly musically trained subjects precisely tracked their internal
visual representations of notes on a staff, especially for tonal melodies, and that the less
well trained subjects roughly tracked their internal visual representations of melodic con-
tour while employing visualizing strategy, was obtained in the study of eye movements

(Experiment 5).

210



In Experiment 6, it was found that subjects employ two or three codes at the same time
rather than just one to memorize or retain pitches. For example, pitch rehearsal of auditory
information along with note names (dual coding) and, to a greater extent, at the same time
visualizing the staff notation (triple coding) were the most effective strategies for the
highly musically trained subjects with tonal melodies. Pitch rehearsal along with visualiz-
ing the melodic contour (dual coding) was effective strategy for the highly musically
trained subjects with atonal melodies and for the less well trained subjects with both tonal

and atonal melodies.

In Experiment 7, the intermodal auro-motor coordination based on spatio-motor repre-
sentations was investigated. It was found that piano majors effectively employed an exter-
nal motor encoding strategy, in which auditory information was encoded as finger move—
ments analogous to playing the piano. The motor encoding strategy was stable or robust
against interference and time decay ; that is, the effects of finger movements became
stronger as melody length and retention interval increased, and this was especially true
when interference stimuli were interpolated during the retention interval, because the more
challenging the situation became, the greater the efforts of the subjects to reduce the latency
and to make elaborative and rapid finger movements. Some subjects could employ this
external spatio—motor representation (motor encoding strategy) effectively on their own,

while others could not employ it independently of verbal rehearsal of note names.

In Experiment 8, it was found that, when pitches of melodies were encoded, the visuo-
spatial representation (i.e., visual image of spatial configurations) for pitch information
were more accurate in the compatible spatial directions related to the motor system used in
playing the instrument (internal spatio-motor representations). Piano majors would have

spatial images in which the right and upper directions are compatible with higher pitch.
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For violin majors, the forward direction is compatible with higher pitch. For violoncello
majors, the lower and backward directions are compatible with higher pitch. For vocal
music majors, the right, lower and backward directions are compatible with higher pitch.
For less well musically trained subjects, the upper direction is compatible with higher
pitch.

The evidence that while encoding pitches subjects who are highly trained in playing the
instrument precisely tracked their internal visuo-spatial representations in the compatible
spatial directions related to the motor system used in playing the instrument was obtained in

the study of eye movements (Experiment 9).

An attempt is made to interpret these results in relation to Paivio's dual-coding theory,

the levels—of—processing theory, and Baddeley's working memory model.

As described in Chapter 1 and Experiment 6, Paivio (1969, 1971, 1978, 1986) proposed
the dual-coding theory, the essence of which is that there are two basic independent but
interconnected systems for the representation and processing of information. The verbal
system deals with linguistic information and stores it in an appropriate verbal form, while
the nonverbal system carries out image—based processing and representation. Within the
two systems there are associative structures. Both systems have basic representational units
that are linked to one another by referential connections : Logogens for the verbal system
and Imagens for the nonverbal system. Both the Logogens and Imagens are further divided
into sub-systems (i.e., visual, auditory, kinesthetic, gustatory, and olfactory) which process

either verbal or nonverbal information in the different modalities (modality—specific).
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Considering the findings in Experiments 1, 4, and 6, for example, the dual-coding by
pitch rehearsal along with note names is consistent with Paivio's theory, because pitch
rehearsal would be an auditory Imagen and note names would be a auditory Logogen. If the
triple-coding by visualizing staff notation along with pitch rehearsal with note names is
consistent with the Paivio's theory, staff notation must be a visual Imagen, pitch rehearsal
must be an auditory Imagen, and note names must be a auditory Logogen. Furthermore, the
dual-coding by visualizing melodic contour along with pitch rehearsal would be considered
the operation of a single system in Paivio's theory, because the melodic contour would be a
visual Imagen and pitch rehearsal would be an auditory Imagen, and both codes would be

together in a nonverbal system.

The results regarding explicit motor representations found in Experiment 7 provide
some evidence supporting important views proposed in the levels—of—processing theory.
The greater the degree of challenge in terms of melody length, ISI duration and interfering
stimuli, the greater the efforts of the subjects to reduce the latency and to make elaborative
and rapid finger movements. This finding supports the view that cognitive (conscious)
effort is used for encoding (e.g., Battig, 1979 ; Jacoby & Craik, 1979 ; Lockhart, Craik, &
Jacoby, 1976). As shown in Figure 7-9, it was also found that the finger movements gradu-
ally became more appropriate, accurate and rapid during the retention interval. This finding
supports the view of a continuum of rehearsal operations running from the minimal process—
ing necessary to repeat a word continuously to various types of elaborative processing
involving either further enrichment of one item or associative linkage of several items
(Craik, 1979), and the view that the encoding process gradually spreads and becomes

richer and more elaborative (e.g., Anderson & Reder, 1979 ; Craik & Tulving, 1975
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Lockhart, Craik, & Jacoby, 1976). Craik and Tulving (1975) explained in terms of verbal
stimulus that the minimal core encoding can be elaborated by a context of further structur—
al, phonemic, and semantic encodings. Thus, the more the subjects rehearsed elaborative

tapping, the greater the recognition performance became (e.g., Rundus, 1971, 1977, 1980 ;
Rundus & Atkinson, 1970 ; Rundus, Loftus, & Atkinson, 1970).

Comparison of the motor rehearsal rate with the verbal and visual rehearsal rates re—
vealed that the former is somewhat faster than the verbal rate, followed by the visual rate.
The average rate of finger movement obtained in Experiment 7 was about 150 to 200 msec
per tap, when the subjects made an effort to tap many times. The fastest rate was about 100
msec per tap. The data are almost the same as the rate for typewriting (Steinberg, Monsell,
Knoll, & Wright, 1980 ; see Experiment 7). The verbal rehearsal rate is usually about three
to six letters per second (e.g., Landauer, 1962 ; Norman, 1976 ; Thomas, Hill, Carroll, &
Garcia, 1970 ; Warren, 1969), or about 160 to 340 msec per letter. Fixation duration of
about 250 msec is necessary to perceive visual information (Rayner, 1978)(19, Vaughn
(1983) cites several studies that conclude that fixations must be at least 200 msec in dura—
tion in order for perception to téke place (of which 100 to 140 msec is required reaction
time after the decision has been made when and where to move the eyes). In Experiment 4,
the subjects reported that when the eight circles appeared successively with a constant
duration of 500 msec at each point, the duration was experienced as appropriate to track the
circle movement®. In Experiment 5, the fixation duration data revealed that when the
subjects precisely tracked their internal visual representation for pitch, the duration was
about 300 to 430 msec per fixation.

When subjects are motivated to attempt to encode pitch information, the greater the
number of times and faster the code is rehearsed, the deeper and more elaborately the code

is processed. Motor encoding with finger movements might be relatively deep level of
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processing requiring much encoding effort at the first stage (it becomes gradually automati-
cally), followed by verbal encoding with note names and, finally, visual encoding with
melodic contour, which is a relatively shallow level of processing requiring less encoding
effort (see Experiment 1). Visual encoding with staff notation might be somewhat deep
level of processing, because pitches are necessary to be identified as their note names. The
findings obtained in Experiments 1,4 to 7 would suggest that for the subjects highly trained
in playing the instrument, motor encoding would be more stable or robuster against inter—
ference and time decay, and more effective for encoding pitches than verbal or visual
encoding. Furthermore, motor encoding strategy could be employed independently of
visual representations, while it may not be employed, in some cases, independently of

verbal codes.

As described in Chapter 1, Baddeley proposed the working memory model (see Badde-
ley, 1986, 1990), which is herein applied to the interpretation of the encoding strategies
found in this study.

The working memory system consists of three components, the most important of which
is the central executive. It has limited capacity, and is used when dealing with most cogni—
tively demanding tasks. Unfortunately, however, there has been very little clarification of
the role played by the central executive. The articulatory loop and the visuo—spatial sketch

pad are subordinate systems.

The articulatory loop, in which verbal rehearsal occurs, consists of a passive phonologi-
cal store and an articulatory control process. Originally a passive phonological store is
directly concerned with speech perception. The neuropsychological evidence indicates

that it is an auditory short—term store in which the processing is at a phonological level,
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and meaningful sounds, continuous speech and visually presented materials are not proc—
essed. An articulatory suppression task has little effect on the storage of phonological mate—
rial. An articulatory control process is linked to speech production. An articulatory sup-
pression task effectively prevents the use of "inner voice" or subvocal rehearsal.

Logie and Edworthy (1986) investigated mechanisms of memory for tone sequences.
Subjects were presented with pairs of tone sequences and instructed to make recognition
judgments (see Baddeley & Logie, 1992). The task was performed on its own (control
condition), or concurrently with each of three tasks ; articulatory suppression, word-
nonword homophone judgments, and visual matching. The disruptive effects of concurrent
tasks on the recognition performance seemed to support the view that articulatory suppres—
sion and homophone judgments involve separate mechanisms, and that memory for tone
sequences involves both mechanisms ; i.e., a phonological store and subvocal rehearsal.

Based on these properties of the phonological store and the articulatory control process,
the short-term store of pitch information with acoustic level (auditory imagery), in which
'raw' pitch is mentally rehearsed, might be analogous in function to the phonological store,
and the verbal rehearsal of note names (at accurate pitches) might be analogous to subvocal

"singing" in the articulatory control process..

The visuo-spatial sketch pad specialized for spatial and/or visual coding was defined
by Baddeley (1986) as "a system especially well adapted to the storage of spatial informa-
tion, much as a pad of paper might be used by someone trying for example to work out a
geometric puzzle." As found in this study, visualization of pitch information was based on
visual representations of melodic contour or staff notation, or visuo—spatial representations
which were closely related to external or internal spatio—motor representations. The evi~
dence that subjects tracked precisely their visuo-spatial image while visualizing pitch

information was obtained by analyzing eye movements. These results are accounted for
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well by the visuo-spatial sketch pad concept.

Coltheart (1972) proposed a model for perception of letters under conditions of brief
exposure in which two coding processes, one a fast visual coding process, and the other a
slower, but more permanent abstract (or name) coding process, act simultaneously on the
stimulus, Thé visual code is developed at the rate of about 10 msec per letter (iconic
memory) and has a maximum capacity of four letters. At the same time, a representation of
the letter names is developed at the rate of 100 msec per letter. These two representations

coexist for a time.

Sloboda (1976) investigated recognition of briefly exposed pitch notation in musicians
and non-musicians. Notes were presented on a staff, and after an interval, the subjects were
required to reproduce (draw) the notes they had seen. Sloboda concluded that both musi-
cians and non-musicians encode the notes visually at brief duration (20 msec), but that a
second, nonvisual, code ( a naming code or a pitch or acoustic code) comes into operation
in musicians when the exposure time is increased beyond 150 msec. These results are

accounted for well by the model proposed by Coltheart (1972).

The purpose of the present study was to investigate the encoding strategies for auditory
pitch information, therefore, pitch was presented auditorily instead of visual notations.
Therefore, there is a possibility that the first code is acoustic pitch and that a naming,
visual or motor code then comes into operation. This study revealed the existence of multi~
coding, but could not reveal the order in which several codes come into operation. If the
order or duration in which each code is operating were found, the mechanism by which

auditory information is translated into codes would become clear.
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As described in Chapter 1, Posner (1973) proposed concerning codes in memory that
(2) there are at least three types of codes : visual, verbal, and motor (Bower, 1972b) ; (b)
each code endures, and is not a transient residual of stimulation ; (c) people differ in their
propensity to use each type of code ; (d) these codes are parts of separate memory systems
that can be examined in isolation in the laboratory. In this study, all four points were exper—
imentally demonstrated concerning encoding of pitch information in short melodies. Music
has a hierarchical structure which consists of several levels similar to language (Chapter 1).
Experiments in the laboratory on short-term memory for short melodies correspond to the
second dimension of the hierarchical structure proposed by Umemoto (1990). Studies on
this dimension might lay the foundations of an understanding of memory for music in

everyday situations.
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(10) In fluent reading the duration of each fixation is about 250 msec, and the eye moves

from one fixation to another in a rapid sweep known as a saccade, lasting about 50 msec.
The available evidence suggests that we take in visual information only during the static

fixations and not during saccadic movements (Rayner, 1978).
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