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THE perception and cognition of music, especially those aspects concerning the
processing of pitch and time within musical contexts, have been investigated using the
tools of experimental psychology for well over a century. Among nineteenth-century German
psychophysicists, there was some understanding that music cognition is historically and
culturally contingent (Hui 2013). By the turn of the twentieth century, there was a clear
dialogue between the experimental psychologists of the Berlin school and the nascent field of
comparative musicology, which brought a global perspective to this work (Stumpf [1911] 2012).
However, subsequent generations of European and American experimental psychologists
tended to ground their study of music cognition firmly within the Western tonal-harmonic
system, with a small number of notable exceptions (as described below). This overreliance on
Western music and participants runs the risk of mistaking the peculiarities of one musical
culture for human musical universals (cf. Nettl 1983). Fortunately, the twenty-first century has
witnessed renewed interest in enculturation and musical diversity among experimental
psychologists (Stevens 2012; Trehub, Becker, and Morley 2015).

Regarding rhythm and meter, for example, classic research concerning perceptual biases
in metrical organization favoring 2:1 and 3:1 temporal ratios (Fraisse 1956) is no longer
described as the result of a cognitive universal, but instead acknowledges the role of
enculturation with Western music, in which said temporal ratios are pervasive. This shift is
the result of programmatic developmental and cross-cultural research employing not only the
simple, isochronous meters that characterize most Western music, but also the complex, non-
isochronous meters that characterize other musical systems, such as Balkan (Rice 2004),
Turkish (Bates 2011), and Hindustani music (Clayton 2000). Western infants, prior to a period
of perceptual narrowing between six and twelve months of age, are sensitive to complex
metrical distinctions that pose difficulty for Western adults (Hannon and Trehub 2005a,
2005b; Soley and Hannon 2010). Further, Balkan and Turkish adults retain this sensitivity to
complex metrical structure into adulthood (Hannon, Soley, and Ullal 2012; Kalender, Trehub,
and Schellenberg 2013). Turkish participants who are regular listeners of Turkish classical and
folk music are especially sensitive to the complex meters found within these genres (Yates et
al. 2017). Analogous results have been obtained using rhythmic production tasks with
musicians from Germany, Bulgaria, and Mali (Polak et al. 2018).
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Regarding musical pitch, researchers have employed probe-tone techniques to
characterize listeners’ implicit knowledge of tonality within Hindustani (Castellano, Bharucha,
and Krumhansl 1984), Balinese (Kessler, Hansen, and Shepard 1984), Javanese (Perlman and
Krumhansl 1996), Sami (Krumhansl et al. 2000), and Carnatic music (Raman and Dowling
2016). The corresponding infant work concerning pitch has tended to compare consonant
versus dissonant intervals (Schellenberg and Trehub 1996) or Western versus artificial scales
(Trehub, Schellenberg, and Kamenetsky 1999), rather than comparing Western pitch
structures with those of another human musical system. The exceptions are studies of
Western infants listening to Javanese scales (Lynch et al. 1990; Lynch and Eilers 1992). There is
much systematic psychological work still to be done using this wealth of global musical scales
and modes, many of which are well characterized by music theorists and ethnomusicologists.

Examination of global musical systems invites the realization that many supposedly
universal and timeless aspects of musical pitch are Western European conventions,
sometimes not more than a few hundred years old. These include the system of 12-tone equal
temperament, the prominence of major and minor diatonic scales, and the importance of
harmony based in chords constructed from these two common-practice modes. In Turkish,
Arabic, Persian, and Hindustani music, among others, the number of possible pitch categories
per octave differs from that of the Western system (Justus and Hutsler 2005). These systems
each have a diverse set of scales and modes drawn from their respective tonal material, which
give rise to dozens of distinct tonalities that do not employ triad-based harmony in the
Western sense (Aydemir 2010; Muallem 2010; Jairazbhoy [1971] 1995).

The present work was inspired by a study by Curtis and Bharucha (2009), which,
although relying on Western participants, developed musical stimuli based upon both the
familiar major scale and unfamiliar Bhairav that. Bhairav is found within Hindustani classical
music as one of many seven-tone thats, which provide the pitch foundation for ragas
(Jairazbhoy [1971] 1995). The design of Curtis and Bharucha’s (2009) experiment was analogous
to the false-memory procedure of Deese (1959) and Roediger and McDermott (1995).
Participants heard brief seven-tone melodies that were composed of all but one of the tones of
the major scale or Bhairav that, and then were asked whether a subsequent probe tone had
been presented in the preceding melody. The American participants, who as a group had only
modest formal training in music, demonstrated implicit knowledge of Western tonality
through an increased probability of incorrectly accepting the missing major scale tone as if it
had been presented. Such perceptual inferences did not extend to the unfamiliar Bhairav
scale. In a related study, Vuvan, Podolak, and Schmuckler (2014) found that whereas Western
listeners falsely detected expected tones following major melodies, they did so to a lesser
extent for minor melodies, and not at all for atonal melodies. In the experiments reported
here, we apply this general approach within a cross-cultural study comparing Turkish and
American listeners, who also varied systematically in their formal musical training.

The stimulus materials of the present study were based on the Western major scale, as
well as the rast makam, a heptatonic scale thought to be of Persian origin that is also
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foundational to Turkish and Arabic classical music (Aydemir 2010; Muallem 2010; Marcus
2007). A first important difference between the two scales is their prevalence within their
respective musical systems. The major scale is one of two modes (the other being minor) that
have dominated Western tonal-harmonic music since the seventeenth century, having
survived the other diatonic modes (Huron and Veltman 2006). In contrast, the rast makam is
one of dozens of modes commonly encountered within Turkish and Arabic music, while
nevertheless playing a central role within both systems. Whereas the tones of the Western
major scale overlap with other makamlar in Turkish music (Aydemir 2010) and Arabic music
(Muallem 2010), the rast makam has no equivalent in Western music.!

The rast makam differs from the major scale in that the third and seventh scale degrees
are a quarter tone lower (1/24 of an octave) for rast compared to major (Muallem 2010).
Therefore, whereas the major scale is diatonic, comprising seven steps of 1, 1, ¥2, 1, 1, I, and 2
tone (one semitone being equal to 100 cents, or 1/12 of an octave), the rast makam is non-
diatonic, comprising steps of 1, %, %, 1, 1, %, and % tone, when in ascending form (Figure 1).
Such microtonal scales require an underlying tonal material with more pitch categories than
the 12 chromatic tones of Western music (see Burns 1999); however, theorists of Turkish and
Arabic music have not agreed on what the underlying tonal material should be. Most theorists
of Turkish music divide each whole tone into nine commas (Aydemir 2010; Signell 1977). More
commonly within Arabic music theory, a 24-step equal-tempered division of the octave has
been proposed (Marcus, 1993; Muallem, 2010; see Bozkurt et al. 2009 for a quantitative
comparison). While acknowledging its limitations for Turkish music, we adopted the simpler
equal-tempered approach in constructing our stimuli. For example, the tone E% was one
quarter tone or 50 cents lower than E, and one quarter tone or 50 cents higher than Eb.

Western major scale
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Figure 1. Major scale and rast makam. The accidentals on the third and seventh scale degree of the rast
makam each indicate a half-flat, or a lowering by a quarter tone, relative to the major scale, while the
numbers beneath the scales indicate the number of whole tones between consecutive scale degrees. As
discussed in the text, we divided each octave into 24 equal-tempered tones (Muallem 2010), rather than
dividing each whole tone into nine commas (Aydemir 2010).

1. We adopt the Turkish spelling of makam (plural makamlar) rather than the transcribed Arabic magam (plural
maqamat) in the present paper.
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In addition to the underlying tonal material, another important difference between the
major scale and the rast makam is that the latter has a characteristic absolute tonal center or
tonic. Unlike in the Western system, in which major (or minor) tonality is based in relative
pitch, and can be developed using any of the 12 chromatic pitches as the tonic, makamlar have
characteristic tonal centers. Changing a makam’s tonal center is likely to be accompanied by
changes in scalar intervals, thereby changing the identity of the makam. According to
Muallem (2010, 85), some theorists place great importance on the characteristic tonic, using
this as a critical factor in classification. Some transpositions may occur in practice, but the
characteristic tonal center is considered the “ideal position” and “essential form.” For these
reasons, the stimuli constructed for the present study, both major and rast, always used C as
the tonic, rather than modulating among various tonal centers from trial to trial.?

Finally, it should be noted that the word makam refers to a modal system, and not merely
a scale (Ayari and McAdams 2003; Akkog, Sethares, and Karaosmanoglu 2015). Each makam
has not only a characteristic pitch structure (perde), but also characteristic melodic
progressions and gestures (seyir). This is similar to how one might distinguish between that
and raga in Hindustani music theory (Jairazbhoy [1971] 1995). For example, a rast seyir would
be expected to begin on middle C, first descending to G and ascending back to middle C
before rising through the next octave, at least within Arabic music (Muallem 2010). Such
development of the makam is as much a characteristic feature as are the component tones. In
the present study, however, we wished to equate our major and rast “melodies” on all
parameters other than the member tones (as described below). This was because prior work
had demonstrated that listeners are sensitive to pitch distributions in stimulus sets (Oram and
Cuddy 1995), including those derived from culturally unfamiliar music (e.g., Castellano,
Bharucha, and Krumhansl 1984; Krumhansl et al. 1999; Stevens et al. 2013). Thus, any effects of
an experimental manipulation of major and rast may be correctly attributed to listeners’ prior
knowledge of tonal material and scale membership, rather than a reflection of pitch
distributions within the experiment itself. This initial study was not intended to address
listeners’ prior knowledge of the modal systems more broadly.

In the present experiment, we asked 60 participants, representing a range of familiarity
with Western and Turkish musical scales, to listen to brief melodies, each composed of all but
one of the member tones of the major scale or the rast makam, and then to decide whether a
subsequent probe tone had been presented in the preceding melody. We first expected
musicians to outperform nonmusicians in general, given a likely superiority in pitch
discrimination and pitch short-term memory (cf. Halpern et al. 1996; Schellenberg and
Moreno 2010; Weiss et al. 2015). We also expected enculturation effects when comparing the
Turkish and American participants. Specifically, we expected the responses of the American
participants to be influenced by implicit knowledge of the Western major scale, based on its

2. In Arabic music, the word rast refers to middle C. In Turkish music, the word rast refers to the written tone G.
However, Turkish notation is transposed relative to Western and Arabic notation (Aydemir, 2010), such that G
written in Turkish notation is closest to Western concert pitch D.
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pervasiveness in the Western musical genres prevalent in the United States. In contrast, we
expected the Turkish participants to be influenced by implicit knowledge of both the major
scale and the rast makam, consistent with the use of both scale structures in traditional
Turkish genres, as well as the prevalence of both Western and traditional Turkish music in
Turkey (cf. Tekman and Hortagsu 2002). Of the Turkish participants, we reckoned that
musicians who were more familiar with Turkish classical and folk genres would be the most
likely to demonstrate sensitivity to the rast makam (cf. Yates et al. 2017).

METHODS
Participants

The 60 participants comprised the following five groups each with n = 12: American
nonmusicians, American musicians, Turkish nonmusicians, Turkish musicians (studying both
Western and Turkish genres), and Turkish classical and folk listeners (members of university
clubs devoted to these genres). The American participants were recruited from the Claremont
Colleges, and the Turkish participants were recruited from Middle East Technical University.
All were young adults attending university, and thus the five groups were comparable in years
of age and education.

Participants were considered nonmusicians if they had no more than two years of
musical training (American: M = 1, SD = 1; Turkish: M = 1, SD = 1), whereas members of the
musician groups had at least six years of musical training (American: M =12, SD = 5; Turkish:
M =9, 8D =6). The Turkish classical and folk listeners were included as the fifth group given
their years of systematic exposure to genres containing the rast makam (M = 8, SD =3).

The instrument(s) on which the American musicians had been trained included piano
(n = 9), voice (7), ukulele (4), guitar (3), violin (2), clarinet (2), saxophone (1), and percussion (1).
All of the American participants reported listening to Western musical genres on a daily or
weekly basis, and none reported any familiarity with Turkish or Arabic music. The primary
language of all participants tested in the United States was English, with several reporting one
or more additional languages, especially Spanish.

The instrument(s) on which the Turkish musician group had been trained included
voice (n = 12), guitar (5), baglamalsaz (3), piano (3), violin (3), organ (2), and recorder (2). In
contrast, the Turkish classical and folk group had studied the oud (n = 4), baglama/saz (4),
guitar (3), piano or keyboard (2), ciimbiis (1), violin (1), clarinet (1), flute (1), and harmonica (1).
Members of the Turkish nonmusician and musician groups reported listening to Western
musical genres on a daily or weekly basis, but only two-thirds reported listening to Turkish
musical genres with such regularity. In contrast, every member of the Turkish classical and
folk group reported regular listening to traditional Turkish musical genres, with a subset also
listening to Western genres. Specifically, this group indicated that they preferred Turkish
classical (n = 10), Turkish folk (9), Turkish protest music (7), Western classical (6), Western
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pop (6), Rock (5), Arabesk (3), Turkish pop (2), Rap (1), Techno (1), and Underground (1). The
primary language of all participants tested in Turkey was Turkish, and all reported one or
more additional languages, especially English.

Stimuli

Melodies of seven tones each were written using Sibelius 7.5 software and synthesized
with an oboe timbre, which we considered appropriate for both musical systems because it
also sounds like the zurna, used in Turkish music. Initially, twelve melodies were composed,
containing the tones C4 (262 Hz), D4 (294 Hz), F4 (349 Hz), G4 (392 Hz), A4 (440 Hz), and
Cs (523 Hz), and a placeholder for a sixth critical context tone.? The melodies always began on
C4, F4, G4, or Cs, and always ended on C4 or Cs. The placeholder for the critical context tone
always occurred in the third, fourth, or fifth position, with equal probability. From the 12
initial melodies, 48 experimental melodies were created by adding one of four possible critical
context tones: Eb (320 Hz), Ef (330 Hz), B% (480 Hz), or Bt (494 Hz). Based on underlying tonal
material of 24 equal-tempered divisions of the octave, the half-flats were one quarter tone or
50 cents lower than the corresponding natural, and one quarter tone or 50 cents higher than
the corresponding flat. We refer to the 24 melodies containing either Ef or B as the “major
contexts” and the 24 melodies containing either Eb or B% as the “rast contexts” (Figure 2).4

Twelve probe tones were also created, again using the oboe-zurna timbre. Six of these
correspond to the common scale tones that were presented in every context: C4, D4, F4, G4,
A4, and Cs. The remaining six probe tones were the most critical to our hypotheses: E8, E5, Eb,
Bg, Bb, and Bb. We refer to Ef and B, when following a major context, and Eb and Bt when
following a rast context, as “same-mode probes.” Similarly, we refer to Ef and Bf, when
following a rast context, and E% and B%, when following a major context, as “other-mode
probes.” Finally, we refer to the Eb and Bb probes, regardless of which context preceded them,
as “neither-mode probes,” because these tunings of the third and seventh scale degrees do not
occur in either the major scale or the rast makam, at least within ascending contexts.>

3. Hertz values are rounded and are for clarification only. The octave numberings here use American Standard
Pitch Notation, in which C4 represents middle C, with a fundamental frequency of 262 Hz. In the text, we always
refer to C4, D4, F4, G4, A4, and C5 by number. The remaining tones—E¥, Eb, Eb, Bi, B5, and Bb—also always fell
within octave four, but we omit the number 4 to draw attention to the tuning.

4. As acknowledged, the experimental melodies are limited by the fact that quarter-tonal rather than comma-
based tuning was used for rast. Similarly, these “rast” melodies only attempt to capture the perde and not the
seyir of the makam.

5. The neither-mode probes, Eb (311 Hz) and Bb (466 Hz) were included among the probe tones despite never being
presented in the context melodies. We suspected that for listeners unfamiliar with the half-flat tones found in the
rast makam, perceptual assimilation might occur in the direction of the flat probes. The inclusion of Eb and Bb
also equated the number of common probe tones and critical probe tones (six each), and resulted in an overall
relatedness proportion of seven out of twelve, or about 58 percent.



Justus et al.: Remembering Melodies 7

Context melodies Probe Tone
4 shown of 48 4 shown of 12
H . |
AR
) —® s

Major context with E-natural

T €

I
[ 4 I

o)

| N
M

!
| | | I

I
I |

[4 &
Rast context with E-half-flat

1:
oW

) . .
/ e
b re el ¢
o - ¥ |

Rast context with B-half-flat

Figure 2. Stimulus melodies and probe tones. On the left, four examples of 48 context melodies are
shown, with one of four critical context tones (E4, Bb, Eb, Bb) as the third tone of the melody. (Critical
tones could instead be presented as the fourth or fifth tone. All other aspects of the context melodies

were counterbalanced between the major and rast conditions.) On the right, four examples of 12 probe
tones are shown, with the first pair (C4 and A4) serving as examples of the six common probe tones (C4,
Dy, F4, G4, A4, C5), and the second pair (Ef and Bb) serving as examples of the six critical probe tones
(E8, Eb, Eb, By, B, and Bb).

Further, if a probe tone corresponds to the same scale degree—third (E) or seventh (B)—
that was presented in the corresponding context, regardless of whether it was flat, half-flat, or
natural, we refer to it as a “same-degree” probe. If a probe tone corresponds to the scale
degree that was not presented in the context, we refer to it as an “other-degree” probe. It
should be noted of the six critical probe tones Ef, E5, Eb, Bt, B, and Bb that only those that are
both “same mode” and “same scale degree” actually occurred in the context.

Over the course of the experiment, participants heard each of the 48 melodies exactly
once. All were written with C as the tonic, rather than modulating among various pitch
centers from trial to trial. Each probe tone was heard four times, two following a major
context (one with Ef and one with B) and two following a rast context (one with E% and one
with Bb). The pairings between context melody and probe tone were counterbalanced using 12
stimulus sets (one for each participant in a group), to avoid any confounds between specific
melodies and probe tones. Further, each of the 12 stimulus sets was associated with a different
pseudorandom trial order, to avoid any confounds due to carry over from one trial to the next.
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Procedure

Consent forms, questionnaires, and experimental instructions were provided in English
for the American participants and in Turkish for the Turkish participants. The experiment
was implemented in Presentation (Neurobehavioral Systems) and was carried out in a sound-
attenuated environment with Sennheiser closed headphones. Each trial began with a fixation
cross in the center of the screen for 2000 ms. Participants then heard a seven-tone melody
lasting 4200 ms, followed by 5000 ms of silence (to avoid contributions of echoic memory),
and then a probe tone lasting 1200 ms. They were asked to indicate whether they thought the
probe tone had been presented in the melody, using a confidence scale of 1 (yes, quite
confident that the tone was part of the melody) to 6 (no, quite confident the tone was not part
of the melody).® Because participants were to input their responses over six response keys,
speeded answers were not required. The fixation cross for the next trial appeared as soon as a
response was input. After completing four practice trials, which could be repeated until
participants understood the task and response scale, and the 48 trials of the main experiment,
the participants were debriefed and received either a small payment or course credit. The
Institutional Review Boards of Pitzer College and Middle East Technical University approved
all procedures.

RESULTS

Our analysis focused on the 24 ratings given by each participant to the six critical probe
tones: E8, E5, Eb, Bt, B, and Bb, which could follow either a major context (one containing Ef or
BY) or a rast context (one containing E% or Bb), each doing so twice over the course of the
experiment. For the analysis, these tones are best thought of not as their absolute pitch, but
rather in terms of the relationships between context and probe; they form a Context Mode
(two levels: major, rast) by Probe Mode (three levels: same, other, neither) by Probe Scale
Degree (two levels: same, other) design, as shown in Figure 3.

For example, a melody containing Ef (or Bf) and followed by probe tone Ejf (or Bf) is an
example of a major context with a same-mode, same-degree probe. Similarly, a melody
containing E% (or B) and followed by probe tone E% (or B%) is an example of a rast context
with a same-mode, same-degree probe. The same-mode, same-degree probes are shown in the
left-most position of Figure 3; these are the only probe tones in the analysis for which the
objectively correct answer is “yes, the tone was part of the melody.” None of the other probe
tones were presented in the preceding melodies.

6. It should be noted that although we adopted continuous ratings, instead of the binary decision asked by Curtis
and Bharucha (2009), the present task is also distinct from that of the classic probe-tone technique (summarized
in Krumhansl 1990), in which participants were asked how well the probe tone completed the context, not
whether it had actually occurred.
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Figure 3. Experimental results overall. Mean ratings given to the critical probe tones (Ef, E5, Eb, Bt, Bb,
and Bb) as a function of Context Mode (major, rast), Probe Mode (same, other, neither), and Probe
Scale Degree (same, other). Participants used a confidence scale of 1 (yes, quite confident that the tone
was part of the melody) to 6 (no, quite confident the tone was not part of the melody). Among these
tones, only the same mode, same degree probes (at the left) had actually occurred. Error bars indicate
standard error of the mean.

An omnibus ANOVA including all five participant groups revealed significant main
effects of all three within-groups factors. First, there was a main effect of Context Mode (major,
rast), F(1, 55) = 27.4, p < .00L, 1 = .33, such that participants generally accepted (i.e., gave lower
ratings to) probes following rast contexts (M = 3.7, SD = 0.4) over those following major
contexts (M = 4.1, SD = 0.3). Second, there was a main effect of Probe Mode (same, other,
neither), F(2, 54) = 32.3, p < .001, 1 = .54, such that participants generally accepted same-mode
probes (M = 3.5, SD = 0.4) over other-mode probes (M = 3.9, SD = 0.4), and other-mode probes
over neither-mode probes (M = 4.4, SD = 0.4). Third, there was a main effect of Probe Scale
Degree (same, other), F(1, 55) = 36.6, p < .001, ) = .40, such that participants generally accepted
same-degree probes (M = 3.6, SD = 0.3) over other-degree probes (M = 4.2, SD = 0.4).

The analysis also revealed two significant interactions. First, Context Mode interacted
with Probe Mode, F(2, 54) = 12.2, p < .001, 1, = .31, such that the largest effects of major and rast
context were observed for other-mode probes, followed by neither-mode probes, and with no
difference overall between major and rast context for the same-mode probes (Figure 4).
Second, Context Mode interacted with Probe Scale Degree, F(1, 55) = 6.4, p = .01, 1jj = .10, such
that larger effects of major and rast context were observed for same-degree probes than for
other-degree probes (Figure 5). The interaction between Probe Mode and Probe Scale Degree
was not significant, p = .27, nor was the three-way interaction among these factors, p = .16.
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Figure 4. Context mode by probe mode interaction. Mean ratings given to the critical probe tones
illustrating the significant interaction (p < .001) between Context Mode (major, rast) and Probe Mode
(same, other, neither). Error bars indicate standard error of the mean.
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Figure 5. Context mode by probe scale degree interaction. Mean ratings given to the critical probe
tones illustrating the significant interaction (p = .01) between Context Mode (major, rast) and Probe
Scale Degree (same, other). Error bars indicate standard error of the mean.

No significant interactions involving the Group variable were observed in the omnibus
ANOVA; participants generally demonstrated the above effects regardless of whether they
were American or Turkish, and regardless of whether they were nonmusicians, musicians, or
members of the Turkish classical and folk clubs. Follow-up analyses with the same stimulus
factors, but for each group separately, generally revealed the same pattern.



Justus et al.: Remembering Melodies 11

To better understand the observed stimulus interactions, we performed an analysis
restricted to the same-mode probes (shown at the left of Figure 3). This analysis revealed one
main effect: Probe Scale Degree, F(1, 55) = 14.2, p < .00I, 1) = .21, such that participants generally
accepted same-degree probes over other-degree probes, and an interaction trend between
Context Mode and Probe Scale Degree, F(1, 55) = 3.1, p = .08, 1) = .05, such that larger effects of
scale degree were observed for rast contexts compared to major contexts. No significant
interactions involving the Group variable were observed, and inspection of the data suggested
a similar interaction pattern regardless of musical training or culture.

We next performed an analysis restricted to the other-mode probes (shown in the center
of Figure 3). This analysis revealed both main effects: Context Mode, F(1, 55) = 38.2, p < .001,
1% = .41, and Probe Scale Degree, F(1, 55) = 23.7, p < .001, ); = .30, but no interaction between the
two. As before, no significant interactions involving the Group variable were observed.

Finally, we performed an analysis restricted to the neither-mode probes (shown at the
right of Figure 3). This analysis revealed both main effects: Context Mode, F(1, 55) = 9.9, p = .003,
np = .15, and Probe Scale Degree, F(1, 55) = 8.5, p =.005, 1) = .13, as well as an interaction, F (1, 55)
= 6.5, p = .01 1 = .IL. No significant interactions involving the Group variable were observed.

DISCUSSION

The present experiment examined implicit knowledge of tonal material and musical
scales as a function of cultural background and musical training. Specifically, American
musicians, American nonmusicians, Turkish musicians, Turkish nonmusicians, and Turkish
classical and folk club members listened to seven-tone melodies composed of the member
tones of either the major scale or the rast makam, and were then asked to identify whether a
probe tone had been presented in the melody. To our knowledge, this is the first cross-
cultural study in which experimental stimuli were designed to isolate the differences in tonal
material and scale between Western and Turkish makam music, or other modal systems
(Arabic, Persian) employing the rast makam. In general, the results suggest that the
participants’ short-term memory for the stimuli was influenced by prior musical knowledge,
especially of the major scale, but contrary to our predictions, no unequivocal effects of
musical training or culture were observed.

First consider the same-mode probes shown at the left of Figure 3. In these trials, either
major contexts (containing Ef or B) or rast contexts (containing Eb or B%) were followed by a
probe tone of the same mode. However, the probe tone could be either of the same scale
degree as in the context (i.e., the presented tone) or the other scale degree (the missing tone).
Correct “yes” responses (here, lower ratings) for same-mode, same-degree trials are likely
driven by accurate short-term pitch memory, and reinforced by unconscious top-down
inference based on schematic musical knowledge. However, for the same-mode, other-degree
probes, such bottom-up and top-down processes are in opposition; these probe tones did not
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occur in the context, but schematic musical knowledge might suggest that they had, leading to
an inaccurate unconscious inference, similar to a false memory (cf. Curtis and Bharucha 2009;
Vuvan et al. 2014).

The differences between same-mode, same-degree probes and same-mode, other-degree
probes differed as a function of whether the mode in question was the major scale or rast
makam. Participants generally showed a smaller effect of probe degree for major compared to
rast, suggesting that their top-down inferences were more consistent with knowledge of the
major scale than with knowledge of the rast makam. In contrast, the larger effect for the rast
contexts, and particularly the somewhat more confident “no” ratings given to rast context,
same mode, other degree probes, suggests that participants’ responses were based on veridical
short-term memory, and less clouded by illusory unconscious inference.

Next consider the other-mode probes shown at the center of Figure 3. In these trials,
either major contexts or rast contexts were followed by a probe tone of the other mode. As
before, the probe tone could either be the same scale degree as in the context or the other
scale degree, but they were always tones that had not been presented in the melody. Here,
participants demonstrated the largest effect of context, generally being more likely to accept
other-mode probes following rast contexts (that is, the Efs and Bfs found in the major scale)
over other-mode probes following major contexts (that is, the E5s and Bbs found in the rast
makam). This pattern is also suggestive of a greater facility with the major scale over the rast
makam; recall that none of these tones were presented, and thus a higher rating (a more
confident “no”) is the more veridical response. As before, participants were more likely to
accept same-degree over other-degree probes, but this effect did not interact with context.

Finally consider the neither-mode probes shown at the right of Figure 3. In contrast to
the other-mode probes, which were not presented in the immediately preceding context, but
were presented among the experimental melodies as a whole, the neither-mode probes (Eb
and Bb) are not members of either the major scale or the ascending rast makam, and were not
part of any experimental melodies. Participants generally rejected (i.e., gave higher ratings to)
these tones, with one exception: there was some tendency to accept the rast-context, same-
degree probes relative to the other three types of neither-mode probe. This result is suggestive
of perceptual assimilation of the half-flat tones presented in rast contexts to the nearby flat
equivalents (cf. Krumhansl and Shepard 1979), as might be expected of someone more familiar
with the Western tonal material of 12 equal-tempered chroma per octave than with the
microtonal tuning characteristic of Turkish music.

While the present work revealed clear evidence of long-term musical knowledge
influencing short-term pitch memory, it did not demonstrate any significant differences
among the American nonmusicians, American musicians, Turkish nonmusicians, Turkish
musicians, and Turkish classical and folk listeners, suggesting that all five groups based their
responses primarily on knowledge of the Western major scale. This contrasts with our
previous study concerning temporal organization in music, in which musicians generally
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performed better on the tasks, while only the members of the Turkish classical and folk clubs
were sensitive to the complex meters characteristic of these genres (Yates et al. 2017).

There are at least two reasons why effects of musical training and culture were more
readily observed in the prior study of meter compared to the present study of scale. One
concerns the nature of the tasks. In Yates et al. (2017; also see Kalender et al. 2013), listeners
rated the extent to which the rhythm of a repeating melody changed in four conditions: no
change, meter-preserving change, meter-violating change, and obvious change. This was done
for both simple and complex meters, with the difference in rating between the meter-
preserving and meter-violating conditions serving as the measure of metrical sensitivity.
While that study also employed a continuous behavioral response, it is rather different to the
present task in which short-term memory and prior musical knowledge were pitted against
each other, for example, when prior knowledge of mode makes it difficult to reject a probe
tone that did not actually occur.

A second reason for the difference between studies concerns the asymmetries in
knowledge of the Western and Turkish musical systems, both in general and as reflected in
our participant groups. Most Western listeners, including our American participants, are not
familiar with Turkish classical and folk genres or the diverse modes and complex meters
found within them. In contrast, most Turkish listeners, including our Turkish participants, are
in a sense “bimusical,” being familiar with both musical traditions (cf. Wong, Roy, and
Margulis 2009; Wong et al. 2011). Considering the earlier study of meter, a participant
experienced with simple as well as complex meters could demonstrate knowledge of both,
given the experimental design. However, in the present study, robust effects of the major scale
would obscure any influences of the rast makam.

It is possible that Turkish musicians, especially Turkish classical and folk musicians,
would demonstrate knowledge of the rast makam in other experimental designs. Considering
the bimusicality of this group, future studies might recruit only musicians with extensive
listening and performance experience within the Turkish system, especially on instruments
such as the baglama (or saz), which permits the microtonal tuning required for the rast
makam. For similar reasons, such studies might exclude any musician who had studied the
piano, as such training specifically reinforces Western tonal material. In general, empirical
demonstrations of implicit knowledge of Turkish makamlar may require the recruitment of
makam masters and the use of richer stimulus materials that capture both the perde and seyir
of these modes (as in Akkog et al. 2015; Ayari and McAdams 2003).

We are aware of one prior study that used a probe-tone technique with Turkish
makamlar and participant groups of varying familiarity with this system. Karaelma (2008)
compared four groups of undergraduate Turkish participants: 17 students of Turkish makam
music (studying Turkish music only), 20 students of music education (studying both Turkish
and Western music), 20 students in a military brass band (studying Western music only), and
20 students of visual arts education (not studying music). Eight makamlar were used in the
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study, including rast. These contexts and the subsequent probe tones were performed by a ney
or flute. The results generally suggested that probe tone ratings were correlated among the
groups, and while inferential statistics were not reported, inspection of the probe tone ratings
following rast contexts suggests the clearest differentiation of the tones among the Turkish
makam students.

The present work also complements prior studies illustrating that American and
Turkish participants are better able to encode new samples of music from their own culture as
opposed to another, a finding that has been observed with both adults (Demorest et al. 2008)
and fifth-grade children (Morrison, Demorest, and Stambaugh 2008). In these initial studies,
real but unfamiliar musical excerpts were taken from Western, Turkish, and Chinese genres.
Thus, the experimental materials differed over a variety of formal dimensions including
aspects of pitch (tonal material, scale, mode), temporal organization (tempo, rhythm, meter),
and instrumental timbre, all of which likely influenced participants’ ability to best
discriminate old and new melodies within culturally familiar genres. In a subsequent study,
the within-culture advantage was preserved for American and Canadian participants even
when such cues were reduced (Demorest et al. 2016).

Future studies comparing the Turkish and Western musical systems may wish to
consider listeners’ knowledge not only of the formal elements that characterize the modes
(such as perde and seyir) but also their extra-musical meanings. To an experienced listener,
each makam likely evokes distinct semantic and emotional associations, not unlike the
distinct moods and connotations of major versus minor tonality among Western listeners
(Parncutt 2014; Justus, Gabriel, and Pfaff 2018). It is not uncommon for theorists to use cross-
modal metaphors in describing the distinct flavor (Aydemir 2010) or color (Muallem 2010) of
each makam, just as one might speak of the rdsa associated with each raga in Hindustani
music. Indeed, Turkish classical theorists use the word ¢esni (flavor):

I describe the ¢esnis to my students in this way: Think about spices. Every spice has its
own particular taste, aroma, and color. What if we were to read all about a spice, learn its
composition and examine its color but never tasted it? .. . Only after learning its flavor
would we be able to decide ourselves where to use it, and in what quantity. This is
precisely the case with the gesnis of Turkish music ... Only when we hear these pitches
from a reliable source will we have “tasted” the ¢esnis, and only by listening to and
imitating them time and time again may we internalize them. After this process the
musician will be able to use the ¢esnis wherever and however he wants, and identify the
makam of a piece that he hears. (Aydemir 2010, 8)

Such connotations in the minds of musicians and experienced listeners suggest not only
implicit knowledge of the modal forms themselves, but also learned associations between
these gestalten and their extra-musical, often emotional, meanings. It may be through implicit
learning of these form-meaning associations that expert listeners come to be able to recognize
and name each makam. In turn, being able to name the makam underlying a presented
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melody may influence judgments concerning its component tones in experiments like ours. In
Karaelma’s (2008) study, for example, participants who were able to identify the rast makam
by name provided more clearly differentiated responses compared to those who could not.

Prior cross-cultural work on emotion in music has primarily focused on whether certain
emotional connotations are available to the culturally unfamiliar listener on the basis of non-
arbitrary psychoacoustic cues such as tempo, loudness, or dissonance (Balkwill and
Thompson 1999; Balkwill, Thompson, and Matsunaga 2004; Fritz et al. 2009). However, in the
context of the present discussion, it might be equally interesting to focus instead on the
culture-specific, learned associations of expert listeners. Although, to our knowledge, the
emotional connotations of the Turkish modes have not yet been studied using psychological
methods, the predicted associations would be relevant to how listeners select and use music in
their daily lives (cf. Boer et al. 2012), including how culture-specific music is employed in
building group affiliation and identity (cf. Tekman and Hortagsu 2002).

A final point of speculation concerns the relation between language and (musical)
thought. An intriguing difference between the primary languages of our participant groups is
that Turkish, among other languages including Farsi, uses a thick (kalin) to thin (ince) spatial
metaphor in describing pitch, in addition to the low to high metaphor used in Germanic and
Romance languages (Shayan, Ozturk, and Sicoli 2011). While both mappings appear to be
equally “natural” and learnable (Dolscheid et al. 2014; Shayan et al. 2014), differences in the
spatial metaphors of participants’ native languages (e.g., Farsi vs. Dutch) have been shown to
influence performance in psychophysical tasks involving pitch and space in which no
language is required (Dolscheid et al. 2013). In the context of the present experiment, the
native languages of the participants may have resulted in qualitatively different spatial
imagery as they tracked the pitch height (or width) of the melodies and probe tones. Because
such spatial imagery can also be considered a form of extra-musical meaning, future cross-
cultural work may wish to examine how language, culture, and thought interact in
determining musical understanding.
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