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ABSTRACT

In Search of Tonal Grounds for Short Term Melody Recognition

What information is retained after the first hearing of a note sequence? Taylor and
Pembrook (1983) investigated for this question with melodies in C major scale using
a singing back and a dictation task. They observed that: (1) recall performance for
the last notes was better, (2) contour complexity (more direction changes) reduced
correct contour recall, (3) fewer errors are made when the melodies started with C4
instead of C5, (4) recall for a note of direction change is better if the preceding
interval is larger. Our study reassessed their results with a larger and more controlled
stimulus set and a recognition paradigm with non-transposed and contour preserving
lures. We found a full J-shaped serial position curve (recency > primacy > center).
Participants’ correct recognition of melodic intervals decreased with contour
complexity. Also, recognition performance was greater when a note of direction
change (A or v) was changed, especially when the preceding interval was larger.
These findings indicate that non-transposed comparison melodies did not turn our
study into a simple pitch memory test. Furthermore, when filling the retention
interval with verbal nonsense stimuli as opposed to melodic stimuli, less interference
was observed. Secondly, the higher the similarity between interference and test
items, the lower the performances (diatonic > nondiatonic > verbal interference).
Finally, we collected memorability and complexity ratings for our note sequences.
These ratings were found to be consistent with the recognition rates. Results are
discussed with regards to Baddeley’s (2000) and Berz’ (1995) models of short-term

memory.
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OZET

Kisa Vadeli Melodi Tanimasindaki Tonal Temellerin Incelenmesi

Bir nota dizisini ilk dinleyisten sonra hangi bilgi akilda kalir? Taylor ve Pembrook
(1983) bu soruya do major gamindaki melodileri sarki gibi sdylemek veya onlari
dikte etmek gorevlerini kullanarak cevap aradilar. Arastirmacilar (1) son nota i¢in
hatirlama performansinin daha iyi oldugunu, (2) kontur karmasikliginin (daha fazla
yon degistirme sayisi) dogru kontur hatirlamasini diistirdiigiinti, (3) C4 ile baslayan
melodilerde C5 ile baglayanlara gore daha az hata yapildigini, (4) melodinin yon
degistirdigi bir notanin hatirlanmasinin eger hemen 6nceki aralik genis ise daha
kolay oldugunu buldular. Calismamiz onlarin sonuglarini daha genis ve kontrollii bir
uyaran seti ve kontur koruyan transpoze edilmemis tuzaklari tanima paradigmasiyla
yeniden degerlendirdi. Bulgularimiz tam bir J sekilli seri konum egrisi gosterdi
(sonralik > dncelik > orta). Katilimeilarin melodik araliklar1 dogru tanimasi kontur
karmasiklig1 ile azaldi. Ayrica, bir yon degistirme notasi (A veya v) degistirildiginde
tanima performansinin daha yiiksek oldugu bulundu, 6zellikle hemen 6nceki aralik
genis ise. Bu sonugclar, transpoze edilmemis karsilastirma melodileri kullanmis
olmamizin ¢aligmamizi basit bir perde hafizas: testine doniistiirmedigini
gostermektedir. Aralig1 sozel tipli anlamsiz uyaranla doldurdugumuzda miiziksel tipli
bir uyaranla kiyasla daha az performans diisiisiine yol agtigim gozlemledik. Ikincisi,
miidahale ile test maddeleri arasindaki benzerlik arttik¢a performanslar diistii (s6zel
< diyatonik olmayan miiziksel < diyatonik miiziksel uyaran). Son olarak, melodi
dizilerimiz i¢in hatirlanabilirlik ve karmagiklik dereceleri topladik. Bu derecelerin
tanima performanslariyla tutarli oldugu bulundu. Sonuglarimizi Baddeley’in (2000)

ve Berz’in (1995) kisa vadeli bellek modelleriyle kiyaslayacagiz.
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CHAPTER 1

INTRODUCTION

When a listener hears a simple melodic motive for the first time, an immediate
representation is formed in short term memory. A subject of interest is to explore
which particular features of a melody make the exact note sequence more
memorable. For example, are melodies with lots of direction changes in their pitch
contour more difficult to remember than the ones that have fewer contour changes or
are purely ascending or descending? Another curious question is how intervening
musical or non-musical events interferes with the representations of the melody. Do
some aspects of melodies make them more resistant to interference? In this thesis, we
will discuss these problems.

Several studies investigated the elements that affected the memory for
musical information. Contour -the arrangement of ups and downs in a sequence of
notes- is perhaps one of the most salient cues for short term melodic memory in brief
delays. For example, Dowling and Fujitani (1971) found that participants used
contour information to recognize transpositions of atonal melodies. When the
comparison melodies did not violate contour, participants performed at chance level.

Dowling (1978) extended the previous study to tonal melodies. In a
same/different test setup, musically trained and untrained participants performed at
chance level in distinguishing exact transpositions (targets) of a standard melody
from the “tonal answers” (see Figure 1). The tonal answer differs from the correctly
transposed target in that the notes of the tonal answer belong to the scale of the

original melody, not the transposed scale. However, correct rejection performances



were higher when the comparison items were atonal. So, not only contour, but also

tonality (belonging to a scale) was a clue for short term melody recognition.
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Figure 1 Sample stimuli from Dowling’s 1978 (left) and Dowling and Fujitani’s 1971
(right) studies. The numbers represent the size of melodic intervals between
consecutive notes!

Dowling (1991) did a recognition task with strongly tonal, weakly tonal and
atonal 7-note sequences in order to detect which particular features of melodies boost
recognition performances in short vs. long delays. Participants were asked to
discriminate exact transpositions from lures with same or different contours. The
paradigm was a continuous running memory test, so, the comparison melodies were
not necessarily presented immediately after the targets. For example, T1-C1-T2-T3-
C3-C2-... shows a pattern of the ordering of the target and comparison melody pairs.
For targets T1 and T3, the comparison melodies came just after the targets (short
delay) whereas two melodies interfered between T2-C2 target-comparison pair
(longer delays). He observed that tonal melodies yielded greater discrimination
performance than atonal ones (Figure 2). This shows the involvement of scale
information in short term memory settings such that tonal melodies may be more

resistant to interference because of their possible reliance on schematic knowledge

! Note that all except the “Random” ones are contour preserving regardless of whether they retain
exact pitch intervals or not.



(cf. Agres, 2019). Moreover, when tonal targets were tested against their same and
different contour lures, discrimination performances were greater for different
contours in short, but not in long delays. This study demonstrates that when tested
with tonal stimuli, participants rely on contour information in short delays, and exact
interval information in long delay settings. This finding was also replicated in
Dowling, Kwak and Andrews’ (1995) study. Pembrook (1987) states that longer
tonal melodies tend to build a stronger sense of scale, and thus, people use contour

information for short and interval information for long melodies.
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Figure 2 Sample trials and procedure from Dowling’s 1991 study. SL and AL refers
to strongly tonal and atonal melodies tested with contour preserving lures whereas
WT indicates a weakly tonal melody tested with an exact transposition (left). The
brackets show target-lure melody pairs in the continuous running paradigm. A brief
summary of their results is on the right, image from Dowling (1995). T/DC and T/SC
refer to target/same-different contour lures discrimination

Dyson and Watkins (1984) investigated how melodic contour configuration
contributed to short-term melody recognition. Participants detected changes that
occurred at a “corner note” (i.e., a note at which a melodic direction change occurs,
which we will mark as “A” or “v” to indicate an ascending-to-descending or

descending-to-ascending contour change, respectively) more easily than the changes

occurred at a “slope note” (i.e., a note which falls within a given ascending or



descending contour). This finding gives evidence that auditory and visual contours
play a somewhat similar function perceptually. However, this “corner” effect was
dramatically reduced when the comparison melody was transposed, which might
indicate that performance does not singly depend on configuration, i.e. Gestalt
abstraction.

The above studies investigated how different characteristics of melodies alter
the memory performances. Yet, the span of short-term memory of melodies is
limited. Earlier studies proposed a short-term memory capacity of 7-11 notes
(Pembrook, 1987). However, more recent studies indicate a smaller capacity of
around 5-7 notes (e.g., Benassi-Werke, Queiroz, Germano, & Oliveira, 2012;
Schulze, Dowling, & Tillmann, 2012). Baddeley (2000), in his working memory
model, suggests a span of 2 seconds for the phonological loop which is responsible
for holding acoustic information. However, Berz (1995) points out that a
phonological loop for holding all sound information is insufficient to explain certain
empirical findings with musical stimuli. One would expect that acoustic tasks be
equally affected by different types of unattended sounds if there is a single acoustic
store in working memory. However, previous studies suggest otherwise. For
example, Martin, Wogalter, and Forlano (1988) observed that unattended? speech
had a greater interfering effect on reading comprehension than unattended music.
Furthermore, they also found that the effect of unattended music is greater than
unattended speech on music identification. In another study, Salame and Baddeley
(1989) did a serial recall of visually presented digits task. They found that verbal

music interferes with performance more than instrumental music. To account for

2 Participants were told that while reading they should ignore (one of the several types of) background
noise and focus on reading because they were going to answer questions about each passage. The
dependent variable was the normalized rate of correct responses for the questions about passages.



such findings, Berz proposed a separate “music memory loop” within working
memory. He states that even if there might be some connection between the
phonological and musical loops it is one of negligible significance.

Mikumo (1992) conducted a same/different test with tonal and atonal
melodies lasting for 6 seconds. The significance of this study was that the author
used different retention interval manipulations in the experiment. That is, between
the target and comparison melodies, there was a 12-second retention interval either
unfilled (pause) or filled with an interfering melody, nonsense syllables or note
names. In the latter two conditions, listeners had to shadow a set of nonsense
syllables or note names till test. All participants performed better with tonal than
atonal melodies. Although musicians’ performance for tonal melodies was affected
differently by different types of interference with worst performance for the note
names shadowing task, non-musicians’ performance was equally impaired across
interference conditions. The author concludes that non-musicians did not use any
strategy for the task since no significant difference was observed between different
interference conditions. Thus, she claims that non-musicians listen to melodic
sequences in terms of global configuration (such as contour).

Thompson and Yankeelov (2011) did same/different tests with 3-note
sequences and three-syllable words with a retention interval of 5 seconds. They
found that both musicians and nonmusicians performed better when the retention
interval was filled with verbal rather than musical material. Atherton et al. (2018)
replicated this finding by conducting same/different tests with both monosyllabic 3
letter words (like cap and cab) and major chords (like C major and D major). The
duration of the retention interval was 6-seconds long, and it could either be silent, or

filled with 4 chords or 4 monosyllabic 3 letter words. They observed that the



participants performed better when the retention interval was silent. Moreover,
performances were more impaired when the interference was the same type of the
test (i.e., chord interference in chord test and letter interference in letter test).

All studies mentioned above investigated memory for musical materials in
terms of interfering events (such as verbal or musical) or features of the musical
items (such as tonality). To our knowledge, Ortmann’s 1933 study was the first work
trying to identify the tonal characteristics of short isochronous melodies that increase
or decrease short term memory recall. The melodies in his experiment consisted of
twenty 5-note sequences (see Figure 3) and he asked musically trained participants to
write down the melody after each of them was played on the piano.

Taylor and Pembrook (1983) did an extension of the above study using the
same stimulus set but adding a singing-back task. This allowed them to test non-
musicians as well. Moreover, they improved some methodological issues in
Ortmann’s study such as randomizing presentation order of the melodies. Taylor and
Pembrook replicated most of Ortmann’s findings. There was a serial position effect
such that the last note was remembered best compared to the other ones. When tested
for correct recall of contour (instead of exact intervals) participants performed better
for melodies with no or one than two or three direction changes. Taylor and
Pembrook link the absence of a difference between contour recall of no and one
direction change melodies to the fact that all melodies with one direction change
have a configural symmetry since the direction change always occurred at the third
note (e.g., up-down or down-up).

Ortmann claimed that participants would notice a melody direction change
better if the interval before that note is large enough. To test this claim, Taylor and

Pembrook classified each interval in the melody as a “step” (a semitone or whole



tone interval) or a “skip” (a three semitones or larger interval). They verified
Ortmann’s claim: fewer errors were made at a note of direction change if the note

was preceded by a skip rather than a step.
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Figure 3 The stimulus set used by Ortmann (1933) and Taylor & Pembrook (1983)

Ortmann also suggested a better memory for ascending rather than
descending melodies since Western music is built on ascending scales and chords.
Note that the authors refer to melodies that start with C4 as ascending and those that

start with C5 as descending. They found that participants made fewer errors with



ascending melodies than descending ones. They did not run any additional analyses
concerning the difference between fully ascending and fully descending melodies.

Although Taylor and Pembrook extended Ortmann’s findings in a more
controlled manner, there are still some factors that make their findings questionable.
For example, some sequences had a full melodic symmetry with triadic structure
(e.g., C-E-G-E-C). One can see these sequences as arpeggios of chords rather than
melodies. Furthermore, the initial and the final note of each melody was a C. As also
suggested by Dowling (1973), varying initial notes would have made the memory
task too difficult. Yet, there was no need to keep the last note constant, which makes
it impossible to know whether Taylor and Pembrook’s recency effect finding
reflected genuine episodic memory or simply an awareness of a common last note.
Finally, their stimulus set was quite limited, and thus, we cannot really know whether
their conclusions can be extended to other sequences.

The way Taylor and Pembrook (1983) identified the correctness of a response
was also problematic. A note was defined to be incorrect only if the preceding
interval and the exact pitch were wrong. For instance, assume that the participant

responds to C-F-D-G-C with C-G-E-G-C (see Figure 4).
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Figure 4 A melody from Taylor and Pembrook’s stimulus set (left) and a possible
response from a participant (right)

In this case, they regarded only the second note to be incorrect. As the
musical interval between second and third notes is correct, they identified the third

note as correct. Also, the fourth note was also regarded as correct because the pitch is



correct even though the interval was wrong. Thus, we cannot really know whether a
specific finding of theirs is due to participants’ memory for exact interval size or

exact pitch information, or both.



CHAPTER 2

THE PRESENT STUDY

We wanted to expand on Taylor and Pembrook’s study by using a larger stimulus set
and a short-term memory recognition instead of recall test setup. The recognition test
setup allowed us to eliminate the correct interval/correct pitch dilemma by forcing
the listener to respond positively only to exactly matching test tunes. Furthermore, by
using only same-contour lures we were able to test the resolution of the
representation of a melody after first hearing. Earlier studies have shown that contour
information seems to be a more dominant heuristic in brief delay recognition and
interval information more so in long delay recognition (e.g., Dowling, Kwak, &
Andrews, 1995). Yet, we were curious to see how much of exact interval
information was retained even after brief delays. Since Dowling (1991) showed that
recognition performance drops to chance level when using transposed same-contour
targets and lures, we decided to keep our tunes untransposed at test and thus allow
listeners to make use of their pitch memory capacity. We believe that this also better
mimics natural settings which often require an immediate recall of a just heard
musical motive. Nees (2016) proposed that the effect of auditory sensory memory is
little or none when the retention interval is longer than 2 seconds. We reduced the
possibility for that effect by assigning a brief yet long enough duration (2.25 sec) to
the retention interval between the target and test items.

Our purpose was to connect Taylor and Pembrook’s findings with the ones
coming from the broad literature of short-term recognition for tonal melodies (e.g.,
Deutsch, 1970; Dewitt & Crowder, 1986; Dowling, 1973, 1978, 1991; Dowling &

Bartlett, 1981; Dowling & Fujitani, 1971; Dowling et al., 1995). We created 158

10



five-tone target-lure melody pairs in the C major scale similar to Ortmann’s
sequences. All melodies were isochronous and their initial note was C4 or C5. Unlike
Ortmann’s sequences, the last note varied across melodies. We also controlled for
several properties of the melodies such as the number of direction changes, note
repetition, the position of the note that is changed to create the lure item. Three
recognition experiments were conducted: a 2-alternative forced choice (2AFC) test
(Experiment 1), a same/different test (Experiment 2) and a same/different test with
feedback and silent retention interval (Experiment 3). The purpose for using two
types of recognition tests was to see whether these tests are indeed interchangeable as
is often assumed in the literature. Musical short-term memory studies either use one
or the other, and when surveying empirical findings, authors more often than not
address this difference as potentially tangential for observed results (e.g., Dowling,
1978, Dowling & Fujitani, 1971). Yet, many studies in verbal and visual working
memory show that test setups do have considerable effects on performance (cf.
Makovski, Watson, Koutstaal, & Jiang, 2010).

In addition, we were interested in looking at interference effects when a
retention interval of fixed duration was a silent or filled interval. In Experiments 1
and 2, there were four types of manipulation: for one group of participants, the
retention interval was unfilled. For the other three groups, it was filled with a
sequence of five nonsense syllables, a 5-tone nondiatonic melody, or a 5-tone
diatonic melody, respectively. By using musical versus nonmusical interference, we
attempted to put the two different models of short-term memory for melodies to test.
Whereas Baddeley’s (2000) model proposes that any kind of acoustic information, be
it verbal or musical, is processed in the phonological loop subsystem, Berz’ (1995)

model proposes a separate “slave system” specifically for musical information. If

11



participants performed equally bad in the nonsense syllables, nondiatonic and
diatonic sequence conditions, this would be evidence for Baddeley’s rather than
Berz’ model. If, however, they performed worse in the musical compared to
nonmusical interference conditions, this would constitute support for Berz’ rather
than Baddeley’s model. To our knowledge, no one has so far put these to test in a
direct manner.

Our last research problem was whether the serial position effect is affected by
different types of retention interval manipulations. It could be possible that when the
retention interval is filled, the recency effect is diminished (cf. Atkinson & Shiffrin,
1968; 1971). Although Dowling (1973) found a J-shaped serial position curve for
musical stimuli similar to the ones found with verbal material, how this curve is
affected by different types of interference has not been researched yet in the music

memory literature.

2.1 Methods

2.1.1 Experiment 1: 2AFC test

Participants. Seventy-two Bogazici University undergraduate non-musician students
with an average of 1.33 years of musical training (ranging from 0 to 4 years)
participated in the study in return for course credit in introductory psychology
courses. None reported having absolute pitch or a hearing impairment.

Target and lure melodies. Using MATLAB, we created all possible 5-tone
sequences in C major scale starting with C4 or C5 within the range of C4 and CS5.
Occasionally, these sequences will be referred as melodies, although they might not
give a strong sense of musicality. After the creation, we selected the sequences which

have note repetitions at most twice, and never in succession. We divided these

12



sequences according to the number of direction changes and starting note. Then, 30,
48, 48 and 32 melodies (with a total of 158) were randomly sampled from the set of
melodies with zero, one, two and three direction changes, respectively. The number
of melodies starting with C4 and C5 for a particular number of direction changes
were equal. We also controlled for the position of the notes of direction changes. For
example, the direction change occurred at the second, third or fourth note with equal
probability for all melodies with only one direction change.

For every melody, we also created a contour preserving lure. The lures were
obtained by changing the second, third, fourth or the fifth note of the target melody
by one diatonic note while controlling for the number of direction changes, the
position of notes of direction change, starting note and whether the changed note is
higher or lower (see Figure 5). Also, of 39 melodies with a repeated note, in only 3
trials the changed note was a note of repetition. Finally, we made sure that none of
the lures was the same as a target melody. Thus, the creation process of the lures was

pseudo-random.

Y A Vd N N V4 A N
b) 0 - 0
% [

Figure 5 (a) A target and its lure with two direction changes. (b) A target with note
repetition and its lure?

Intervening Stimuli. In each trial of the experiment, there was a brief

retention interval. This retention interval was either silent (empty), or filled with

3 In Figure 5a, the first note of the melodies is C5. The lure was created by changing the 3rd note at
which a direction change occur in the melody. In Figure 5b, the lure was created by changing the
second note of the target melody.

13



nonsense syllables, or diatonic sequences, or nondiatonic sequences across different
groups of participants.

For the intervening nonsense syllables condition, a set of 23 nonsense
syllables was created via an online text to speech converter (texttospeech.org). The
duration of each syllable was adjusted to 0.25s using Adobe Audition 3.0. For every
target-lure melody pair, we assigned a randomly created 5-syllable sequence. Note
that the durations of target, lure and the 5-syllable sequence were equal.

For the intervening diatonic sequences, we created 158 novel diatonic 5-note
sequences (not necessarily starting with C4 or C5) and assigned each diatonic
sequence to a target-lure melody pair. The intervening diatonic sequences never
contained the critical notes that were changed. For example, for the target-lure
melody pair in Figure 5a, the diatonic sequence could not contain D or E. Also, the
diatonic sequences were never a transposition of a target, lure or another intervening
melody.

The nondiatonic sequences were created by moving at least three notes of the
corresponding diatonic sequence to one of the nearest nondiatonic notes. The pitch
averages of the 158 diatonic and nondiatonic sequences were equal.

All target, lure, diatonic and nondiatonic sequences were played with the real
sound samples of Steinway Grand Piano in Logic Pro X software at a speed of 4
notes per second. Thus, each melody lasted exactly for 1.25 seconds.

Apparatus. The experiment was conducted in cubicles of the Cognitive
Processes lab and the Social Psychology lab at Bogazi¢i University. Over- and on-ear
headphones with comparable quality and characteristics (Philips SHP 1900,
Urbanears Plattan 2, Sennheiser Momentum On-Ear) were used. We used the

PsychoPy 3.0 (Peirce, 2007) or E-prime software to create the experiments.
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Procedure. Participants were tested in groups of up to four. Each participant
was randomly assigned to either the “silence”, “nonsense syllables”, “nondiatonic
sequences” or “diatonic sequences” conditions. The experiment consisted of 4
training trials followed by 158 experimental trials in random order. The doors of the
cubicles were closed during the experiment.

In each trial, participants listened to a target melody followed by a retention
interval which was either unfilled (silence), or filled with nonsense syllables, or a
nondiatonic or diatonic sequence. After each trial, participants received a 2-
alternative forced-choice test (2AFC), in which they decided which of the
comparison melodies the same as the target (see Figure 6) and provided a confidence
rating on a 3-point scale as “not sure”, “sure” or “very sure”. Target-lure position at
test was counterbalanced across trials. No corrective feedback was given. The

experiment lasted about 35 minutes.

Experiment 1

a) Silence
Q b) Nonsense Syllables -
{2 o ¢} Nondiatonic-Sequences T — p— "I
J e - e * - L4
L Il |1 _ | | I _ |1 Il _ |
Target ISI Retention Interval ISI  Comparison 1 ISI ~ Comparison 2

1250ms 500ms 1250ms 500ms  1250ms 500ms 1250ms

L |
Experiment 2

Figure 6 The experimental designs of Experiment 1 and 2

2.1.2 Experiment 2: Same/different test
Participants. Fifty-eight Bogazi¢i University undergraduate non-musician students
(who did not participate in Experiment 1) with an average of 1.25 years of musical

training (ranging from O to 4 years) participated in the study in return for course
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credit in introductory psychology courses. None reported having absolute pitch or a
hearing impairment.

Apparatus and stimuli. The apparatus and the stimuli were the same as the
first experiment.

Procedure. The procedure was similar to that of Experiment 1 except that
only one comparison melody was presented after the retention interval. The
participant decided whether the target and the comparison melody were the same or
different. Same and different trials appeared in random order and equal likelihood
across trials. Participants again rated their confidences on a 3-point scale. The

experiment lasted about 25 minutes.

2.1.3 Experiment 3: Same/different test with feedback and silent retention interval
Participants. Twenty Bogazi¢i University undergraduates who did not participate in
the earlier experiments were recruited in return for course credit in psychology
courses. The average duration of musical training was 1.30 years. Again, no
participants had an absolute pitch or a hearing impairment.

Apparatus and stimuli. The apparatus and the stimuli were the same as in the
previous experiments.

Procedure. The design of this experiment was identical to Experiment 2
except that the retention interval was always unfilled, and at each trial after each
decision, participants received a “correct” or “incorrect” feedback screen that

appeared for 1 s. The duration of the experiment was about 30 minutes.
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2.1.4 Memorability and complexity ratings

Participants. Another 19 Bogazi¢i University students participated in the study in
return for course credit in psychology courses. The average duration of musical
training was 1.32 years. Again, no participants had an absolute pitch or a hearing
impairment.

Apparatus and stimuli. The apparatus and the stimuli were the same as the
previous experiments, but without the memory test components.

Procedure. Participants were tested in the same environment as the previous
experiments. Before the experiment, participants were informed that they were going
to rate melodies based on complexity and memorability. Complexity was defined to
them as how unusual (‘complexity’ was explained in Turkish using the terms
“karmasik” for “complex” and “siradis1” for “unusual”) or not (‘noncomplex’) the
consecutive notes and intervals sounded to them. Memorability, on the other hand,
was simply referred to as is and none of the participants asked for a clarification. All
instructions also appeared on the computer screen before the experiment.

The experiment consisted of four training trials followed by 158 experimental
trials with no interruption between the training and experiment. In each trial,
participants listened to a target melody and rated both the memorability and
complexity of the melody over a 5-point scale. One group of participants rated

memorability first, while the other group rated complexity first.

2.2 Results
First, we calculated the correct response rate for all participants. The data of seven
participants (all from Experiment 2) whose performance fell below .52 and rated at

least 120 of 158 their responses as “very sure” were excluded. We also excluded the
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data of a participant from Experiment 1 who rated all responses as “very sure” yet
performed nearly at chance level (.54). Throughout the results section, interactions

between variables will be reported only if p <.10.

2.2.1 Experiment 1: 2AFC test
All analyses for Experiment 1 used the average correct responses as the dependent
variable. Student’s 7 tests showed that participants performed above chance level in
silence (M = .67, SD = .08, #(15) = 8.44, p <.001, Cohen’s d = 2.11), nonsense
syllables (M = .63, SD = .12, #(19) = 5.00, p <.001, Cohen’s d = 1.12), nondiatonic
(M=.61,SD=.09, ((17)=5.29, p <.001, Cohen’s d = 1.25) and diatonic sequences
(M=.58,SD=.09, ((17) =3.70, p < .01, Cohen’s d = .87) conditions.

The type of retention interval had a significant effect on recognition. A one-
way ANOVA with Tukey’s HSD post-hoc test revealed that participants in the
silence condition performed significantly higher than those in diatonic sequences

condition, F(3,68) = 3.02, p < .05, np? = .12 (See Figure 7).
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(N=20) (N=18) (N=18)

Figure 7 Average correct recognition across groups. Error bars (as in all remaining
graphs) indicate standard errors

Many participants stated in writing or verbally that the duration of the

experiment was long. We therefore tested whether a fatigue or practice effects
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occurred. A 2 (order) x 4 (groups) mixed ANOVA showed that participants
performed equally well in the first and the last half of the trials, p > .10.

Taylor and Pembrook’s set of melodies contained successive and non-
successive note repetitions, and they investigated the error rates at these notes. On
the other hand, our stimulus set contained only non-successive note repetitions. A 2
(repetition)* x 4 (groups) mixed ANOVA indicated that note repetition did not have a
significant main effect, p > .10, showing that melodies that had note repetitions were
not better (or worse) remembered than those without.

We created the lure items by moving any of the notes except for the first note
in the target melody by one diatonic note upwards or downwards. A 2 (higher vs.
lower) x 4 (groups) mixed ANOVA showed that participants detected changes more
easily when the lure melody had a diatonic upwards than downwards change, F(1,74)
=4.73, p <.05, > = .06. In other words, discrimination performances were better
when the lure item contained a higher note.

We were also curious about listeners’ metacognitive awareness when giving
their yes responses. A 3 (confidence) x 4 (groups) mixed ANOVA indicated that
participants’ performances differed across levels of confidence, F(1.37,93.21) =
14.60, p <.001, np? = .18. In particular, performances for trials rated as “very sure”
were significantly greater than other trials, p <.001 (see Figure 8).

We also plotted recognition accuracy and response confidence (see Figure 9).
There was a strong positive correlation between correct recognition rates and average

confidences for each question, » =.704, p <.001.

4 The two levels of the within subjects variable “repetition” were the average recognition
performances for the 39 trials with repetition and 119 trials without repetition.
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Figure 8 Average correct recognition by confidence across groups
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Figure 9 Scatterplot of average recognition rate and average confidence rating for
each question

To check for serial position effects, we conducted a 4 (serial position of the
changed note) x 4 (groups) mixed ANOVA which showed that the serial position of
changed note had an effect on performance F(3,204) = 19.29, p <.001, n,*> = .22. We
predicted to find a J-shaped serial position curve (recency > primacy > center) and
tested this with planned comparisons at an overall oo =.05. We found that changes in
the last note were detected better than changes in the second note; and changes in the
second note were detected better than changes in the center notes (see Figure 10),

which reflects a J-shape curving.
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Figure 10 Average correct recognition based on position of changed note within 5-
tone sequence across groups

Taylor and Pembrook (1983) stated that participants recalled the contour of a
melody more correctly if the melody has zero or one direction changes rather than
two or three direction changes. As our lure items never violated the contour of the
target melody, our analyses regarding the number of direction changes will directly
measure the correct recognition of intervals. If Taylor and Pembrook’s findings are
limited only to contour recall, we might not find any difference between recognition
of melodies with different number of direction changes. We tested this effect with a 4
(number of direction changes) x 4 (groups) mixed ANOVA. Results indicated that
number of direction changes of a melody had a main effect on recognition, £(3,213)
=2.80, p <.05, np? = .04. Moreover, post-hoc analyses showed that participants
recognized melodies with no direction changes better than those with one or three
direction changes, p < .05 (see Figure 11). Performance did not differ for fully
ascending and descending sequences, p > .10.

Taylor and Pembrook classifies melodies as ascending when they start with
C4 (i.e. start with an ascending movement) and as descending when they start with

C5. Based on Ortmann’s hypothesis, they expected and found that there are fewer
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errors in ascending sequences. We confirmed their findings. A 2 (C4 vs C5) x 4
(groups) ANOVA indicated that participants performed better when the target
melody started with C4 rather than C5, F(1,68) = 7.69, p < .01, ny> = .10. We also
found a significant interaction, p <.05. In particular, for all groups except the

diatonic sequences, performance for melodies starting with C4 was higher, p <.01.
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Figure 11 Average correct recognition by number of melodic direction changes
across groups

We also looked at whether changes in “corner” as opposed to “slope” notes
(cf. Dyson and Watkins, 1984) affected recognition performance differently. The
number of trials where the changed note was a “corner” and “slope” was 60 and 58,
respectively. The remaining 40 trials were those where the change occurred at the
last note. A 2 (“corner” vs “slope™) by 4 (groups) mixed ANOVA? revealed a
significant effect of the direction of the melody at the changed note, F(1,68) = 12.50,
p < .01, n,? = .16. Participants’ performances were better when the changed note was

a “corner” rather than a “slope” note, p <.05 (see Figure 12).

3 The 40 trials with the last note change were excluded from this analysis since these notes cannot be
classified as a “corner” or “slope”.
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Figure 12 Average correct recognition rates when the change did/did not occur at a
“corner” note

Finally, we replicated Taylor and Pembrook’s (1983) findings concerning the
interval before a note of direction change. Specifically, we considered the trials
where the change occurred at a note of direction change and compared the effect of
the interval size before that note. A 2 (“step” vs “skip”) x 4 (groups) ANOVA
revealed that participants performed better when the interval before a note of
direction change is a “skip” rather than a “step” interval, F(1,68) = 9.08, p < .01, n,?

= .12 (see Figure 13).
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Figure 13 Average correct recognition rates when the changed note is a "corner" and
the preceding interval is a "step" vs a "skip"
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2.2.2 Experiment 2: Same/different test
Since same/different tasks are likely to be more vulnerable to bias effects compared
to simple 2AFC tasks, we transformed all participant data into AUC data (Figure 14

shows a clear bias to say “same” for any given trial).
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Figure 14 Scatterplot of hit and correct rejection rates for each question

One sample #-tests showed that all four groups performed above the chance
level (AUCs were significantly greater than .50), p <.001. Moreover, a one-way
ANOVA indicated that there was a significant discrimination difference across
groups, F(3,54) =7.66, p <.001. Tukey’s post-hoc test showed that silence and
nonsense syllables groups performed greater than the nondiatonic and diatonic
sequences groups (see Figure 15). In particular, interference with musical material
caused more performance decrease than interference with verbal material.

A 2 (first vs second half) x 4 (groups) mixed ANOVA indicated that
participants’ performances as measured in AUCs did not differ between the first and
the last half of the trials, p > .10. Melodies with note repetition had a marginal
advantage over melodies without note repetition, p = .07. However, this marginal

effect appears to be created by an interaction with groups. In particular, only the
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group that received interfering diatonic sequences performed better with melodies

with repetition than other melodies, p <.01.
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Figure 15 Receiver operating characteristics (ROC) curves across groups

A 2 (higher vs. lower) x 4 (groups) mixed ANOVA showed that in “no
signal” trials (when the answer is “different”), participants’ performances did not
differ between the trials where the lure item had a heightened or lowered note, p >
.10.

A 4 (serial position of the changed note) x 4 (groups) mixed ANOVA, on the
other hand, showed that the serial position of the changed note has an effect on
recognition, F(2.47,133.26) = 34.48, p < .001, ny* = .39. To check for the expected J-
shaped curve, we conducted planned comparisons at an overall a level of .05. The
results confirmed our hypothesis: changes in the last note were detected better than
changes in the second note which were detected better than changes in the center
(third and fourth) notes (see Figure 16). We also found an interaction between the

serial position of the changed note and groups, £(7.40,133.26) = 4.83, p <.001, np> =

25



.21. In particular, musical interference caused a reduction in the recency effect (see

Figure 16).
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Figure 16 Average correct rejection rates based on position of changed note within
5-tone sequence across groups

The number of direction changes also had an effect on discrimination
performance. A 4 (number of direction changes) x 4 (groups) mixed ANOVA with
Tukey’s post-hoc test indicated that participants performed better in recognizing
melodies with zero or two direction changes than with three direction changes,

F(2.55,137.41) = 2.89, p < .05, > = .05 (see Figure 17).
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Figure 17 Average AUC values by number of melodic direction changes across
groups

A 2 (C4 vs C5) x 4 (groups) mixed ANOVA showed that the discrimination

performance for melodies starting with C4 was significantly greater than melodies
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starting with C5, F(1,54) = 11.86, p < .01, np*> = .18. There was again no significant
difference between the performance for fully ascending and fully descending
melodies, p > .10.

A 2 (“corner” vs “slope”) x 4 (groups) mixed ANOVA showed that there was
a main effect of the contourwise position of the changed note on performance. When
the changed note was at a “corner” rather than a “slope”, participants performed

better, F(1,54) = 6.34, p < .05, ny*> = .11 (see Figure 18).
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Figure 18 Average correct rejection rates when the change did/did not occur at a
“corner” note

Contrary to Experiment 1, we failed to find the “skip effect”. Given that the changed
note is a “corner”, participants’ performances did not change according to the
interval before the “corner” was a step or a skip, p > .10. In other words, a changed
corner note was not better detected if it was preceded by a larger (skip) interval as

was found in Experiment 1.

2.2.3 Experiment 3: Same/different test with feedback and silent retention interval

In the previous experiment, participants were mostly biased to give “same” responses
whenever they were not sure whether the two melodies were identical or not. We
wanted to increase participants precision (and hence decrease their biased response

tendencies) by providing corrective feedback after each trial. Figure 19 shows a
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scatterplot distribution of hit and correct rejection rates. All subsequent analyses
were performed on AUC and correct rejection rates.

In a same/different test, a “‘same” response is either a hit, or a false alarm. So,
a decrease in “same” responses will either increase correct rejection rate, or reduce
the hit rate (or both). With feedback, average hit rates decreased from .79 to .73
although this did not reach statistical significance, #32) = 1.50, p > .10. On the other
hand, correct rejection rates were marginally higher with feedback (M = .61, SD =
.16) than without feedback (M = .50, SD = .14), #(32) = 1.98, p = .057. There was no
significant effect of feedback on recognition performances measured by AUCs, p >

.10.

Correct Rejection Rate for Each

0 0.1 020304050.60.70809 1
Hit Rate for Each Question

Figure 19 Scatterplot of hit and correct rejection rates for each of 158 trials in
Experiment 3

A one-sample #-test on AUC scores showed that participants performed above
chance level (M =.70, SD = .11, #(19) = 8.04, p <.001). Moreover, participants’
“same” responses still exceeded the actual .50 rate (#(19) =3.17, p <.01). So, even
with feedback, participants did not use the two options equally often. However, when
comparing Experiment 3 with the silence group of Experiment 2 descriptively, we

see fewer “same” responses in the feedback than the no-feedback group, Medpack =
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.56, SDtdvback = .09, Muo-tdback = .64, SDno-favack = .12, respectively. In other words, the
magnitude of the “same bias” appeared to decrease when feedback was provided.
We then looked at the effect of corrective feedback across two blocks of trials
to see whether feedback improved performance and whether this improvement was
more pronounced in the second compared to first block of trials. A 2 (with/without
feedback in silence condition) x 2 (blocks) mixed ANOVA showed that participants
performed equally well in each block of trials, F(1,32) =.52, p > .10. No interaction
between feedback and block was observed, p > .10. When plotting our data for each
stimulus manipulation we found more or less the same effects we observed in
Experiment 2. Except for serial position (Figure 20)°, none of our manipulations
showed effects different from those observed earlier (e.g., Figure 21). In other

words, corrective feedback improved overall recognition performance.
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Figure 20 Average correct rejection rates based on position of changed note within
5-tone sequences across groups

6 A 4 (serial position of the changed note) x 2 (feedback) yielded a main effect of feedback as well as
a significant interaction. Participants performed better with feedback when the 2nd, 3rd or the 4th note
was changed. However, no difference was observed when the 5th note was changed possibly because
of the recency effect.

29



0.8

v Without Feedback
Z 075 I With Feedback
2 | T
5 0.7 I i 1 }
o]
= J[ |
-
S 0.65 I
<
0.6

0 1 2 3
Number of Direction Changes

Figure 21 Average AUC values by number of melodic direction changes across
groups

2.2.4 Memorability and complexity ratings

Our results so far clearly showed that certain melody characteristics had an influence
on recognition performance. To better understand whether listeners had some
metacognitive awareness of these differences, we decided to collect memorability
and complexity ratings for the target melodies, hence independent of their particular
lure versions.

First, we tested for whether rating memorability or complexity first made a
difference. Two independent samples #-tests for participants’ average memorability
and complexity ratings, respectively, showed that question order did not matter, ps >
.10. Then we wanted to see whether memorability and complexity correlate or not,
and it did” (Spearman correlation coefficient r; = -.70, p <.001). An item- instead of

participant-wise analysis confirmed this relationship, » = -.69, p <.001 (Figure 22).

7 On the other hand, the memorability and complexity ratings did not correlate with AUCs or hit rates.
i.e. they were not good in predicting which note sequences they would remember better.
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Figure 22 Scatterplot of average memorability and complexity for each target
melody ratings

A one-way repeated measures ANOVA indicated that the number of direction
changes of a melody had an effect on memorability ratings, F(1.37,24.71) = 15.75, p
<.001, np? = .47 as well as complexity ratings F(1.36,24.41) = 7.88, p < .01, np> =
.31. Post-hoc analyses showed that melodies with no direction changes were rated as
significantly more memorable and less complex than melodies with one direction
change, p <.05 (Figure 23). Also, memorability ratings of melodies with one
direction change were significantly higher than melodies with two or three direction
changes, p <.001. Similarly, melodies with one direction change were rated as less
complex than melodies with two or three direction changes, p < .05. Participants’
memorability and complexity ratings did not differ between melodies with two or
three direction changes, p > .10. When melodies without any direction changes were
considered, the memorability and complexity ratings did not differ between fully

ascending and fully descending sequences, p > .10.
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Figure 23 Average memorability and complexity ratings by number of direction
changes

An interesting finding is that although participants’ memorability ratings for
melodies that start with C4 or C5 did not differ (p > .10), participants rated melodies
that started with C4 to be less complex than melodies starting with CS5, #(18) = 2.25,
p < .05, ny* = .22 (Figure 24). This is parallel to our previous findings since
participants’ recognition performances were found be better for melodies starting
with C4. Finally, note repetitions did not affect memorability or complexity ratings, p

>.10.
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Figure 24 Melody ratings based on initial note
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2.2.5 Best-worst melodies
As a last step in our exploration, we wanted to take a closer look at the melodies
which yielded the highest (Figure 25) and lowest (Figure 26) recognition rates in

Experiment 1 (silence), Experiment 2 (silence) and Experiment 3.
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Figure 25 The top five target-lure melody pairs that yielded the highest recognition
rates in all experiments at silence conditions

The target and the lure differed at the 5th note in four of the five melody pairs
presented in Figure 25. The other melody had its changed note at a “corner” whose
preceding interval was a “skip”. Also, all melodies had zero or one direction change.
The lure of pair 45 was an arpeggio of the C-major chord and the lure of pair 76 was
a permutation of C-D-E-F-G notes.

For four of the five pairs presented in Figure 26, the changed note was at the
center (3rd or 4th notes). Three melodies had two or three direction changes.
Although three melodies had their changed notes at “corners”, for two of them, the

interval before the changed note was a “step”.
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Figure 26 The bottom five target-lure melody pairs that yielded the lowest
recognition rates in all experiments at silence conditions
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CHAPTER 3

DISCUSSION

Taylor and Pembrook (1983), as a follow up of Ortmann’s (1933) study, aimed to
explain tonal factors that affect short term memory for isochronous and diatonic 5-
note melodies. We wanted to elaborate their research by using a larger and more
controlled stimulus set and altering their free recall test setting to a recognition test
setting. The main findings of their research that relates to our study were as follows:
(1) correct contour recall performance was greater when the melody had fewer
direction changes, (2) participants did fewer mistakes with ascending (starting with
an ascending movement) than descending sequences, (3) recall for a note of direction
change was higher if it was preceded by a larger (which is an interval of size at least
3 semitones) than a smaller (2 semitones or less) interval, (4) fewer errors were made
at the last note (which was always a C).

Although our stimuli were basically similar to theirs in the sense that they
were isochronous 5-tone diatonic sequences in C major scale, there were some
significant qualitative differences. First, our sequences were constructed in a random
but controlled way, independent of melodicality and tonality. Secondly, we
controlled for the number of direction changes as well as the serial position of the
notes of direction changes. For instance, Taylor and Pembrook’s melodies with one
direction change had full melodic symmetry (e.g. C-F-A-F-C). Thus, those melodies
had two repeated notes and the note of direction change was always the third. We
also made sure that note repetitions appeared at most once and never consecutively to
keep the stimuli more or less comparable in terms of complexity. A C-F-A-F-C

sequence would, for instance, easily match with an arpeggio-like schematic
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representation hence making a note deviation much more detectable compared to a
C-F-A-G-D sequence. Finally, unlike Taylor and Pembrook’s melodies which
always ended on the C note, our last notes were random to ensure that observed
recency effects really measure retention rather than ad hoc knowledge.

The first aim of this study was to see whether their findings replicate in a
recognition test setup (2AFC in Experiment 1, Same/different in Experiments 2 and
3). Secondly, we wanted to know how “fine-grained” the resolution of the melodic
representation was for listeners with no musical training. As previous studies suggest
that listeners mainly rely on contour information in brief delay settings (e.g.,
Dowling, 1991), we tested our targets against same-contour lures to address how
well participants would correctly recognize exact intervals when contour information
was no longer discriminatory. The third goal of our study was to know how different
types of intervening events (silence, nonsense syllables, nondiatonic sequences,
diatonic sequences) in the retention interval affect recognition performances. Then
we will discuss whether our findings can be explained by Baddeley’s (2000) or Berz’
(1995) working memory model. Finally, we were curious to see how much listeners’
memorability and complexity ratings for the melodies overlap with the actual
recognition performances.

One of our main findings was that participants performed above chance level
in all experiments and all types of retention interval or presence of feedback
manipulations. This finding indicates that the “resolution” of the representations after
a brief delay contains not only general contour but also quite exact pitch interval
information. There are previous studies (mostly by Dowling and colleagues) which
can partially be compared with our study. The first experiment in Dowling and

Fujitani’s (1971) study is perhaps the most analogous experiment in the literature as
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they used untransposed lures in a same/different test with 2 second retention interval.
The fundamental difference from our study was that their target melodies consisted
of atonal sequences, and contour preserving lures were created by altering an interval
rather than a note. They found high recognition accuracy when 5-tone atonal
sequences were tested against contour preserving untransposed lures (AUC = .91). In
Experiment 2a (same/different test with silent retention interval) of our study, the
corresponding AUC value was .69. This demonstrates that the presence of tonality
actually reduced recognition performance by reducing the saliency of the difference
between the target and the lure.

All other relevant studies from Dowling and colleagues used transposed lures
to focus on the retention of the melody as a Gestalt rather than the retention of its
individual pitches. Dowling (1978) found that musically inexperienced listeners
performed at chance level when 5-tone tonal targets were tested against transposed
contour preserving tonal alternatives in a same/different test. So, if we had chosen
our lure items to be transposed, performances would likely decline to chance level.

However, it was not always the case that same contour transposed lures
yielded a near chance level performance. For example, Dowling (1991) and
Dowling, Kwak and Andrews (1995) observed that participants showed above
chance level performance in distinguishing tonal targets from contour preserving
transposed lures. However, these studies are not really comparable to ours. For
example, their targets were 7-tone sequences with small pitch intervals (Taylor and
Pembrook suggest that such sequences are recalled easier) and the lure items were
created by changing two instead of one note in the target melody. Moreover, they
used a continuous running memory paradigm and the duration of the shortest

retention interval was 7 seconds which is much longer than ours. An interesting
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finding of these studies is that when both same- and different-contour lures are
presented, participants’ sensitivity to exact interval information for contour
preserving lures becomes increased when delays were longer. Given that their
shortest retention interval was much longer than ours, this may explain the above-
chance performance they observed for same contour transposed lures.

One work which also found an above-chance performance in discriminating
transposed targets from contour preserving lures was Byron and Stevens’ (2006)
study. In a same/different test, participants distinguished alterations between small
(step) and large (leap) musical intervals when 8-tone sequences based on some
Western folk tunes were tested against their contour- and implied harmony-
preserving lures. We believe that the big magnitude of the alterations in the interval
size of the changed note made the difference quite salient. Cuddy and Cohen (1976)
did a 2AFC task with 3-note sequences based on arpeggios of the C major chord (like
G-C-E) and tested them against transposed lures which were created by changing one
note by one semitone, thus turning the major chord to a minor or augmented chord.
In their case, above-chance performance could have been due to the emotions
induced by different chords (cf. Parncutt, 2014).

The reason why we particularly wanted the lures to be untransposed is to
mimic a natural setting (for instance, recognizing a freshly heard commercial melody
with the additional help of instant pitch memory) and inspect the resolution of the
exact short-term memory representations of the melodies. As contour is perhaps the
most salient cue in short-term melody memory (e.g., Dowling, 1991), scale violating
lures (even when contour is preserved) are detected very easily (e.g., Agres, 2019),

and listeners’ mistakes for incorrectly recalled intervals are within a range of 2
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semitones (Taylor & Pembrook, 1983) we specifically had chosen our lures to be
contour preserving, diatonic, and deviating by only one diatonic note.

Harrison, Musil and Miillensiefen (2016) tried to model the potential factors
that affect melody discrimination performance. As our lure items were created in a
very controlled way with the purpose of making all of them as challenging as
possible, we believe that any difference in discrimination performance aside from the
recency effect be caused by the complexity or memorability of the target item itself.

Before getting into details of what made target melodies more memorable and
less complex, we will discuss the saliency of the changed note in the target-lure
melody pairs. Taylor and Pembrook (1983) found a recency effect for the last note,
but given that it was always a C, this effect was potentially meaningless. In all
experiments, we replicated their findings even though our last notes were no longer
predictable. However, we also found a primacy effect for the 2nd note. This gave us
a classic J-shaped serial position curve such that changes in the fifth note were
detected better than changes in the second note, and changes in the second note were
detected better than changes in the third and fourth notes. However, in Experiment 2,
when the retention interval was filled with musical material (nondiatonic or diatonic
melodies) rather than nonsense syllables or silence, the magnitude of the recency
effect decreased significantly. These findings are compatible with Oberauer et al.’s
(2018) study where they define benchmarks for models of working memory. In that
study, they classify primacy and recency effects as type A (strong) benchmarks, and
it is stated that a filled distractor at the end of the to-be-memorized list reduces the
recency effect. Furthermore, such detrimental effects of same modality interference

in short-term storage have been observed since the time of the model proposed by
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Atkinson and Shiffrin (1968, 1971). Similar effects are also predicted by Baddeley’s
working memory model (2000; also cf. Salame & Baddeley, 1989).

Our retention interval manipulation was quite uncommon. Although silent
retention intervals as brief as ours are typical in Dowling’s studies, to our knowledge,
there are no other studies that put several types of interference in such a short
duration. A somewhat related study is by Mikumo (1992). She did a same/different
test with 6-note tonal and atonal sequences. The duration of the retention interval
was 12-seconds and it was either unfilled, or filled with an interfering melody or a
verbal shadowing task. She found that the performances of musically highly trained
participants were more negatively affected by the “shadowing with note names” task
than the “shadowing with nonsense syllables” task or silence. Although it is stated in
the article that no effect of different types of interfering stimuli was observed for the
musically less trained participants, we believe that this null finding is due to the
atonal sequences. However, since the nonsense syllables condition in her study
contained a shadowing task but the interfering melody condition did not, and the
retention interval was about 5 times longer than ours, it would be conceptually wrong
to compare her findings with our study.

Our findings give us a chance to compare different models of working
memory. Baddeley’s (2000) model suggested that all types of auditory information
(including verbal and musical sounds) are stored in a “phonological buffer”. On the
other hand, Berz’ proposed a slave system a la Baddeley specifically for musical
information. Our findings from Experiment 2 (same/different test) are quite
compatible with Berz’ hypothesis: recognition performances decreased when the
retention interval was filled with musical material. Results from the 2AFC test

showed a similar a stepwise decrease from silence to diatonic sequences conditions,
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even if the only significant difference was observed between these two. Baddeley’s
model would have predicted a difference between silence and all other conditions. In
that sense, results from Experiment 1, too, appear more in line with Berz” model.
Oberauer et al. (2018) suggest that filled retention intervals that prevent rehearsing
cause a decrease in performance. On the other hand, they state that studies on the
effect of silent retention intervals are contradictory. More statistical power may be
needed to see more clear effects when comparing silent conditions to non-silent ones.

Harrison et al., for instance, define melodic complexity in terms of number of
notes, frequency of unique intervals etc. However, since all our sequences had a
fixed number of notes and comparable intervals, their measures of complexity would
produce the same value for all target melodies. Likewise, statistical models such as
IDyOM (Information Dynamics of Music; Pearce, 2005, 2018) might also shed some
light as to why those specific melodies turned out to be the best and worst recognized
ones. Finally, the worst recognized melodies might need further inspection since
they were all recognized below chance-level. This implies that their lure counterpart
somehow appeared more “correct”. Again, statistical models might help us
understand why this is so, i.e., what exactly makes a 5-tone sequence sound more
like a just-heard target, even if falsely so.

To address the melodic complexity problem, we collected memorability and
complexity ratings over a 5-point scale for the target melodies. We observed a large
effect size with respect to number of direction changes of the melody. Participants
rated fewer direction changes as less complex and more memorable®. This is a partial

confirmation of our findings from the experiments. In all of our experiments,

8 One might think that melodies with higher number of direction changes may be parsed as more than
one unit. However, since our melodies contained only five notes, it was impossible to create smaller
chunks in nearly all of them.
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participants performed better when the target melody was fully ascending or fully
descending (i.e., with no direction changes).

Taylor and Pembrook observed that correct contour recall performance was
greater when the melody had a simple contour (fewer direction changes). As our lure
items never violated the contour of the target melody, any response in our
experiments was actually a correct recognition of contour. However, our
participants’ performances were better when melodies had no direction changes. This
indicates that simpler contours yield a better memory not only for contours but also
musical intervals.

Dyson and Watkins (1984) observed that in a same/different test setting,
participants’ performances were greater if the lure item is obtained by changing a
“corner” note (a note of direction change) rather than a “slope” note (note of
direction no-change). In Experiments 1 and 2, we replicated their findings. Taylor
and Pembrook proposed an additional factor to boost the recall of “corner” notes.
They state that the recall performance for a “corner” note is greater if it is preceded
by a “skip” (an interval greater than or equal to 3 semitones) rather than a “step” (an
interval less than or equal to 2 semitones). We replicated this finding in Experiments
1 and found a marginal effect in Experiment 3: when the changed note was a
“corner”, recognition performances were greater if the interval before that particular
note was a “skip” rather than a “step”.

These results taken together might suggest that “corner” notes increase
melodic complexity and require more attention. When there is no “corner” note, the
target melody may remain within the limits of working memory capacity, increasing

the memory performance. In contrast, one might expect a “corner” note to draw more
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attention, particularly when preceded by a larger interval, and hence be better
recognized when a change occurred right there.

There are also other determinants for memory of melodies. Taylor and
Pembrook state that “ascending” (starting with an ascending movement, i.e. starting
with C4) melodies were recalled better than “descending” (starting with C5) ones.
We replicated this finding in all of our experiments. Moreover, participants found
“ascending” melodies to be significantly less complex than “descending” ones. On
the other hand, no such effect was observed in terms of memorability.

To increase participants’ sensitivity to “no signal” trials in a same-different
test setup, we conducted Experiment 3 (same/different test with feedback and silent
retention interval). Although feedback did not increase performances as measured by
AUC:s, participants responded with “same” significantly fewer times when feedback
was provided. That is, participants responded more cautiously in Experiment 3.
Overall, providing feedback boosted recognition performance (especially correct
rejection performance) but otherwise confirmed all of our findings from Experiment
2.

In conclusion, we believe our study to be a step forward in the search of tonal
determinants in immediate melodic memory. We believe that future research should
address how music is stored in the short-term memory and which models of working
memory best explain obtained results. This research focused exclusively on spectral
characteristics of melodies. Our melodies were all within the 5-7 note limits of
melodic short-term memory capacity (e.g., Benassi-Werke, Queiroz, Germano, &
Oliveira, 2012; Schulze, Dowling, & Tillmann, 2012) Nonetheless, even in such
short, isochronous sequences listeners might be using chunking processes,

particularly when these contain melodic direction changes. Such processes are even
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more likely to occur when rhythmic elements are added. Hence, future research
needs to scrutinize the combined effects of spectral and temporal aspects on musical

short-term memory performance.
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