
A ROLE OF METRICAL STRUCTURE IN IMPLICIT MEMORY OF
RHYTHM PERCEPTION: TOWARD A COMPUTATIONAL MODELING

OF PERCEPTION PROCESS OF METRICAL STRUCTURE

Yasuhiro GOTO
Department of Psychology and Applied Communication

Faculty of Humanities
Hokusei Gakuen University

ABSTRACT

Memory for rhythmic tone sequence plays an important
roll in rhythm perce ption and variety of study has been
made on it. Previous study suggests, for instance, that
more easily it is perceived, more easily it is memorized.
In recent years there has been renewal of interest in im-
plicit memory for musical information. In this study, the
implicit memory for rhythmic tone sequence was exam-
ined. The aim of this study was to investigate the implicit
memory for musical rhythm from the viewpoint of cogni-
tive psychology.

An experiment using priming and recognition tasks was
performed to clarify the nature of implicit memory for
rhythmic tone sequences. Two types of measure,“ bi-
nary”meter tone sequence and“ ternary”meter tone
sequence, were used in experimental variables. In the ex-
periment, encoding strategy was manipulated as an inde-
pendent measure. In the study phase, half of participants
were asked to perform “foot tapping task” and the oth-
ers were asked to “note counting task.” Foot tapping task
means that participants tap their foot to the tone sequence.
Note counting task means that participants count the num-
ber of the tones. In the test phase, half of the participants
performed a priming task: they were asked to judge the fa-
miliarity on a 7-point scale (1= not familiar at all, 7= com-
pletely familiar). The rest of the participants performed a
yes/no recognition test. The pitch height (A4) and timber
(piano sound) were the same in both the study phase and
the test phase. Priming effect was defined as difference
between rating value of familiarity for old tone sequence
and new one.

The following results were obtained: 1) priming effect
was observed in both binary meter and ternary meter tone
sequence when listeners were asked to performed “foot
tapping task”, 2) priming effect for binary meter tone se-
quence was bigger than that for ternary meter tone se-
quence, 3) no significant main effect was observed in the
recognition task. These results lead to the conclusion that
an implicit memory for musical rhythm exists and the type
of metrical structure plays an important role in perceptual
priming of rhythmic tone sequences. This may associate
with the preference for binary metrical type in rhythm per-
ception.

1. INTRODUCTION

The purpose of this paper is to investigate the nature of
implicit memory of the musical rhythm, and to gain the
finding s in order to construct a computational model of
process of metrical structure in music perception.

In the psychological field, a great deal of recent stud-
ies about memory have been devoted to examining the
relation between explicit and implicit forms of memory.
Explicit memory refers to conscious or intentional recol-
lection of previous experiences, as assessed by recall and
recognition tasks; implicit memory, in contrast, refers to
unconscious retrieval of previously acquired information
on tests that do not require conscious recollection of a
specific prior episode, such as word stem and fragment
completion, lexical decision and word identification tasks.
Current research has revealed dissociations between ex-
plicit and implicit memory.

Implicit memory can be confirmed by examining what
is called the priming effect. Priming is a phenomenon
where processing of a proceeding stimulus influences pro-
cessing of a succeeding stimulus and is classified into two
types: direct priming and indirect priming. Direct prim-
ing is observed when the preceding stimuli are exactly the
same as the succeeding stimuli. Therefore, it is also called
repetition priming or perceptual priming. In contrast, in-
direct priming is observed when there is a semantic rela-
tion between the preceding and succeeding stimulus. In
this article, the term“ priming”is used to refer to direct
priming.

Research concerning implicit memory has focused al-
most exclusively on tests involving visual processing. Stud-
ies using verbal materials, for example, word identifica-
tion (e.g.,[1]-[2]), fragment and stem completion (e.g., [3]-
[4]), and lexical decision (e.g.,[5]-[6]) have been used as
tests involvingvisual processing. There are also many pa-
pers about implicit memory fornonverbal objects such as
picture completion (e.g., [7]-[8]), picture naming (e.g.,
[9]-[10]), object decision (e.g., [11]), and pattern comple-
tion and identification (e.g., [12]).

Similarly, some researches have explored implicit mem-
ory in the auditory domain. Several studies have demon-
strated priming effects on auditory-word identification and
sentence-identification tasks (e.g., [13]-[15]), on an audi-



tory stem-completion tasks ([16]-[17]), and the like. It is
true that there is relatively little research in this field, but
over the past few decades a number of studies have been
made on the implicit memory in the auditory domain.

For implicit memory about music, however, little at-
tention has been focused. Only a few attempts have so far
been made concerning implicit memory for music infor-
mation. There are some studies of implicit memory about
chord perception ([18]-[22]), melodyperception of alco-
holic Korasakoff’s syndrome patients ([23]), and others
([24]-[25]), but only a few attempts have been made at
implicit memory for rhythmic aspects of melody so far. It
is odd, however, that implicit memory for rhythmic tone
sequences has not been investigated despite the fact that
evidence has been found for implicit memory in various
other fields. Or rather, it is reasonable to expect that there
is also implicit memory for musical rhythm perception as
in other domains.

In the last few years, several articles have been devoted
to the study of implicit memory for musical rhythm. Some
studies by Goto ([26]-[29]) have found the evidence for
the existence of perceptualpriming for musical rhythm ex-
perimentally, and have clarified the natureof it. He stud-
ied the implicit memory for musical rhythm in terms of
two aspects: the physical aspect and the psychological as-
pect. As for the physical aspect, note value, pitch height
and timbre were examined in regard to whether they in-
fluenced the perceptual priming for rhythm. At the same
time, the priming effect for rhythm was also investigated
from the psychological viewpoint such as the metrical struc-
ture that listeners perceived.

In those studies the following results were obtained:
1) note value, whi ch is independent of pitch height and/or
timbre, is encoded in the memory representation of a rhyth-
mic tone sequence, 2) information depending on the pitch
height and/or timbre of the tone sequence is encoded in
the memory representation, 3) implicit memory of musi-
cal rhythm is influenced by whether the tone sequence is
metrical or non-metrical.

In this study, two factors were examined in order to
deepen the findings about implicit memory for rhythm:
the type of metrical structure and the strategy of encod-
ing. Based on the results obtained in the previous stud-
ies, it seems reasonable to suppose that the type of met-
rical structure is related to the implicit memory for musi-
cal rhythm. In this experiment the type of metrical struc-
ture of tone sequence was both binary type and ternary
type.4/4 meter tone sequence was used as binary type and
3/4 meter tone sequence as ternary type. Two types of en-
coding tasks were used in this experiment, a foot -tapping
task and a note-counting task. The purpose of the first task
was to promote encoding of a tone sequence by requiring
participants to tap their foot to the tone sequence. To make
the foot tapping, participants had to consider the tone se-
quence as a totally unified rhythmical entity and encode
relations among its metrical components. In the second
encoding task, the attention of participants’was focused
on local features of the tone sequence by having partici-

pants count the number of the tones making up the tone
sequence. Accurate performance on this task required ex-
tensive processing of each sequence’s components but did
not involve processing of the structural relations among
them or listening to the tone sequence as a“total rhythm.”
The type of encoding task was manipulated as a between-
subject variable. All participants studied both binary and
ternary tone sequences; no mention was made of the bi-
nary/ternary nature of the tone sequences during the study.

After completing the respective encoding tasks, half
of the participants were given the familiarity judgment
test, which was composed of binary and ternary tone se-
quences, of which half were studied and half were non-
studied. Implicit memory was inferred if familiarity judg-
ment rating was higher for studied than for nonstudied
items. The other half of the participants were given a
yes/no recognition test that included the identical items
but required participants to remember explicitly whether
they had studied them.

In summary, the main hypotheses concerning the ex-
periment were that (a) the type of metrical structure of
tone sequence would be related to the perceptual priming
for musical rhythm, (b) encoding the global total struc-
ture of tone sequence by making foot tapping would facil-
itate subsequent familiarity rating performance, whereas
encoding local partial features by counting the number of
notes would not produce any significant facilitation, and
(c) recognition memory performance should be similar af-
ter the foot tapping and note counting tasks because par-
ticipants acquire distinctive information about each tone
sequence in both study tasks.

2. METHOD

2.1. Participants

Forty Hokusei Gakuen University undergraduates partic-
ipated in the experiment. They were all normal hearing.
They were randomly assigned to experimental conditions.
Their mean musical experience was 16.8 years and under-
stood the concept of metrical structure.

2.2. Apparatus

Each tone sequence was generated on a Roland Sound
Canvas SC-88 tone generator using “Cakewalk Pro Au-
dio” software. It was controlled by a PC/AT compatible
computer. The operating system was Windows 98 by Mi-
crosoft Inc.. The tone sequences were presented through
headphones.

2.3. Design and materials

The main experimental design consisted ofa 2 x 2 x 2 x
2(Foot-tapping vs. Note-counting study task x Familiarity
judgment vs. Recognition Test x Binary meter vs. Ternary
meter x Studied vs. Nonstudied tone sequence) mixed fac-
torial. The first two factors were manipulated as between-
subject variables, and the latter two were manipulated as
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Figure 1. Sample stimuli used in this experiment. (a)
shows binary meter tone sequence(4/4 meter) and (b)
shows ternary meter tone sequence(3/4 meter).

within-subject variables. Dependent measures were either
performance in the priming task or recognition task.

The experimental materials consisted of a total of 40
tone sequences, 20 binary tone sequences and 20 ternary
tone sequence. Each tone sequence was a rhythmic tone
sequences consisted in 13-17 notes. The kinds of notes
constituting the tone sequence were “eight notes,”“dot-
ted eight notes,” “quarter notes,” “dotted quarter notes,”
and/or “half notes.” The real time length of the note was
250msec, 375msec, 500msec, 750msec and 1000msec, re-
spectively. The meter of half of the 40 tone sequences was
“4/4,” which were binary metrical structure, and the rest
were “3/4,” which was ternary metrical structure.

These tone sequences were generated to satisfy three
constrains: (a) the tone sequence was consisted of by more
than two kinds of note values, in other words, the tone
sequence was NOT consisted of by one kind of note value;
(b) the tone sequence was not extremely syncopated one;
and (c) the tone sequence was metrical but not random
one. The reason for these constrains was that the tone
sequence consisted of only one note value was too simple
and not appropriate as an experimental material, and that a
“metrical” tone sequence was more difficult to memorize
than that of metrical one (cf. [30]).

With regard to theconstraints (b) and (c), two musicians
who did not participated in the present experiment rated
all the candidate tone sequences in terms of “how each
tone sequence was “4/4” on a 7-point scale(1= not 4/4
meter at all, 7= 4/4 completely) and the tone sequences
which were judged “ 4/4” meter were used in the present
experiment. “3/4” meter tone sequences werej selected in
the same way.

They were all “equitonal” musical tone sequences, which
had only the note-length information and all the other fac-
tors (e.g., pitch height, timbre, intensity) were equal. The
pitch height of all these tones was the same, A4, and the
timbre was piano sound. The sound pressure level of all
tones was equal, at a comfortable listening level (about
75dB SPL). They were selected by two musicians, who
did not participate in the present experiment. An example
of stimuli is shown in Figure 1.

The participants studied 10 binary tone sequences and
10 ternary tone sequences. The remaining 10 binary se-
quence and 10 ternary sequences were not studied; they
were included on the familiar judgment task in order to de-
termine baseline levels of performance and on the recog-
nition test as distractor items. The familiar judgment and

recognition tests thus consisted of 40 critical items: 20
studied sequence (10 binary and 10 ternary). The pre-
sentation order of tone sequences on both tests was deter-
mined randomly for each participant. Binary and ternary
tone sequences were randomly assigned to one of two ma-
terial sets that were rotated through all experimental con-
ditions. This procedure yielded a fully counterbalanced
design in which each binary and ternary tone sequence
appeared equally often in the foot tapping or note count-
ing study tasks, as a studied or nonstudied item, and on
the familiarity judgment and recognition tests.

2.4. Procedure

All participants were tested individually in a soundproof
chamber. Each experiment was conducted under condi-
tions of incidental encoding. Participants were told that
they were participating in an experiment on the prelimi-
nary experiment of music perception, and no mention of a
later memory test was made.

In the foot tapping study condition, participants were
informed that rhythmic tone sequences would be presented
by the speaker and their task was to tap to that tone se-
quence, and were told that was important for them to tap
well-fitting to the tone sequences. On the other hand, in
the note counting study condition, participants were in-
formed that their task to count the number of tone se-
quence. This study phase then began with five practice
items, followed by presentation of the 20 critical tone se-
quences in random order.

Immediately after study presentation, half of the par-
ticipants were given instructions for the familiarity judg-
ment test intermixed with examples of binary and ternary
tone sequences. Participants were told that their task was
to rate the “familiarity” of the tone sequences on a 7-
point scale (1= not familiar at all, 7= completely famil-
iar). The rest of participants were assigned to a recogni-
tion test. The recognition test was a surprise yes/no task.
Participants were instructed to mark either “Hai” (“yes”
in Japanese) on the sheet if they remembered hearing the
tone sequence during the prior rating task, or “Iie” (“no”
in Japanese) if they did not remember hearing the tone se-
quence.

3. RESULT

The results of the familiarity judgment and recognition
tests are first considered separately and then followed by
a contingency analysis of the relation between them.　　

3.1. Familiarity judgment

Difference between the rating score for the studied item
and the one for the nonstudied item were defined as a
priming effect in this experiment. The results were shown
in Figure 2. Three important points should be noted about
the results of the priming task. First, the priming effect
was observed for both binary and ternary tone sequences
in the foot tapping task. Participants rated more familiar
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Figure 2. Result of priming.

for studied items than for nonstudied items. Second, the
priming effect for binary tone sequence was larger than
that for the ternary tone sequence. Third, the priming ef-
fect was not observed for either binary or ternary tone se-
quence in the note count task in study phase.

Analysis of variance (ANOVA) confirmed this descrip-
tion of the results. A significant Type of study Processing
x Studied/Nonstudied tone sequence interaction,F (1, 36) =
4.19, p < .05 , indicated that familiarity judgment perfor-
mance was more facilitated in relation to baseline in the
foot tapping than the note counting condition. In addition,
a significant Type of metrical structure x Studied/Nonstudied
tone sequence interaction,F (1, 36) = 13.32, p < .001,
indicated that binary tone sequences were more facilitated
than ternary tone sequences by prior study list exposure.

3.2. Recognition

Table 1 shows the result of recognition performance. Two
different measures of recognition were subjected to an AN-
OVA: the hit rate and hit rate minus false alarm rate. Since
both analyses led to an identical conclusion, only the re-
sult of the hit rate analysis was reported; this simply re-
flects the fact that false alarm rates were relatively con-
stant across conditions. An overall ANOVA revealed no
significant main effect of pitch shift. The difference be-
tween the result of the hit rate and the chance level in each
condition was not significant (Table 1).

Encoding condition
foot tapping note counting M

binary meter tone sequence
Studied .60 .61 .61
Nonstudied .23 .25 .24

ternary meter tone sequence
Studied .59 .60 .60
Nonstudied .25 .26 .26

Note. Studied=proportion of studied items called “old”(hit
rate). Nonstudied=proportion of nonstudied items called
“old”(false alarm rate).

Table 1. Recognition Performance

3.3. Contingency analysis of coherence judgment and
recognition performance.

The purpose of the contingency analysis was to determine
whether priming effects on coherence performance are de-
pendent on, or independent of, recognition memory. In
order to determine the relation between priming task and
recognition task, the YuleQ statistic was used.Q is a
measure of the strength of relation between two variables
that can vary from−1 (negative association ) to+1 (posi-
tive association); 0 indicates complete independence ([?]).
For the present data,Q = +.088 at the binary condi-
tion and+.093 at the ternary condition. These values
did not differ significantly from zero; significance was
assessed by a chi-square test suggested by Hayman and
Tulving, χ2(1, N = 40) = 0.58 at the binary condition
andχ2(1, N = 40) = 0.46 at the ternary condition. The
contingency analysis thus demonstrates stochastic inde-
pendence between recognition and familiarity judgment
performance.

4. DISCUSSION

In this study, two factors about perceptual priming for mu-
sical rhythm were investigated. One was the type of metri-
cal structure of the tone sequence. The priming effect was
examined for both binary and ternary meter tone sequence
by familiarity judgment task. The other factor was the
type of encoding strategy. Either global encoding strategy
or local encoding strategy was examined whether they re-
lated to the priming effect for musical rhythm.

Priming effect was observed for both binary and ternary
tone sequence. This results is in agreement with previ-
ous studies concerning implicit memory of rhythm ([26]-
[29]) . Also, because the priming effect for binary tone se-
quence was larger than that for the ternary tone sequence,
it seems reasonable to suppose that the nature of implicit
memory for music rhythm is influenced by the type of
metrical structure. This suggests that implicit memory of
music rhythm is related to the binary preference that we
listeners have universally.

The results of this experiment indicate that performance
on the familiarity judgment task was facilitated by prior
encoding of the global structure of an unfamiliar tone se-
quence but not by encoding of local features. However,
evidence for priming or facilitation of familiarity judg-
ment performance was observed for both binary and ternary
meter.

This experiment provides empirical support for the main
hypothesis outlined earlier. The finding that familiarity
judgment performance was facilitated only by prior en-
coding of global tone sequence is consistent with a transfer-
appropriate processing account and supports the notion
that familiarity judgment performance is facilitated by ac-
cess to structural descriptions of musical rhythm. Recog-
nition memory, by contrast, did not differ significantly in
the two encoding conditions, which indicated that differ-
ent types of information about both global and local tone
sequence features could be used through explicit retrieval



processes to support recognition performance. These find-
ings provide some evidence for dissociation between im-
plicit and explicit memory for unfamiliar tone sequences.

This research examined implicit memory of musical
rhythm, and the nature of memory representation for rhyth-
mic tone sequences was clarified focusing especially on
both the type of metrical structure and the type of encod-
ing strategy.

We cannot say that the whole nature of memory repre-
sentation for rhythmic tone sequence was clarified by only
the experiment described above. For example, whether
other type of metrical structure is related to the priming for
rhythm, whether other encoding strategy can influence on
the implicit memory for rhythm, and implicit and explicit
memory remain to be proved in future investigations.
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