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WE STUDIED MEMORY FOR HARMONY USING A

MELODY-AND-ACCOMPANIMENT texture and 10 com-
mercially successful songs of Western popular music.
The harmony was presented as a timbrally matching
block-chord accompaniment to digitally isolated vocals.
We used three test chord variants: the target was har-
monically identical to the original chord, the lure was
schematically plausible but different from the original,
and the clash conflicted with both the tonal center and
the local pitches of the melody. We used two conditions:
in the one-chord condition we presented only the test
chord, while in the all-chords condition the test chord
was presented with all the chords of the original excerpt.
One hundred and twenty participants with varying
levels of music training rated on a seven-point scale if
the test chord was the original. We analyzed the results
on two dimensions of memory: veridical–schematic and
specialized–general. The target chords were rated higher
on average than the lures and considerably higher than
the clash chords. Schematic memory (knowledge of
Western tonal harmony) seemed to be important for
rating the test chords in the all-chords condition, while
veridical memory (familiarity with the songs) was espe-
cially important for rating the lure chords in the one-
chord condition.
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T HE MELODY-AND-ACCOMPANIMENT TEXTURE

is one of the most common textures in Western
tonal music (Arthur, 2017; Bharucha, 1984;

Huron, 2016; Tagg, 2000). Although this texture is
sometimes used in music cognition experiments, there
are only a handful of studies that have used this texture
to studying memory for harmony (Creel, 2011; Culli-
more, 1999; Povel & Van Egmond, 1993). Avoiding

melody-and-accompaniment textures reduces the
ecological validity of the studies on harmony. Further,
since melody tends to be more perceptually salient than
harmony (Williams, 2005), it is important to study how
harmony can be perceived and remembered when
chords serve as background to a clearly defined melody.

Earlier studies have shown that the accompaniment
affects the listening experience even if it is perceptually
subordinated to the melody. Accompanied melodies can
be better enjoyed (Galizio & Hendrick, 1972) and can
lead to greater emotional arousal (Schotanus, 2020) and
a more intense perception of sadness (Friedman, 2019)
than their unaccompanied versions. However, the per-
ceptual subordination often means that some of the
most perceptible effects of the accompaniments are
experienced as changes in the way the melody is heard
(Bernstein, 1976, p. 63; Tagg, 2000). Considering the
salience of the main melody and the tendency for the
accompaniment to be experienced not in itself but via
its influence on the melody, it is reasonable to suspect
that the accompaniment may be remembered less
clearly than the melody. On the other hand, the melody
itself could become a cue to remembering the accom-
paniment (Creel, 2011). This said, we think that various
melody-and-accompaniment textures can be particu-
larly helpful for testing listeners’ ability to remember
the chords of the pieces of music they know well (here-
after veridical memory or veridical knowledge). This is
because the melody can both activate the memories of
the song and unambiguously point listeners’ attention
to specific moments in time within a song. Further,
melody can also imply harmony. To imagine harmony
implied by the melody, the listeners do not need to be
familiar with the specific piece of music, since it can
suffice if they are familiar with the style or genre (here-
after schematic memory or schematic knowledge): in
other words, they can use their schematic knowledge
of harmony for imagining the possible harmonic
accompaniment of a melody.

Veridical and Schematic Memory for Harmony

Most studies related to memory for harmony have
focused on the syntactic aspects of harmony (for
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a review, see Pearce & Rohrmeier, 2018). These studies
have found some evidence that Western-enculturated
listeners, even those without music training, possess
schematic knowledge about harmony, such as tonal
hierarchies (Krumhansl, 1990) and chord transitions
(Lhost & Ashley, 2006; Vuvan & Hughes, 2019), and
that their perception of harmony is affected by the rel-
ative frequency of occurrence of certain chord types
(Jimenez, Kuusi, Czedik-Eysenberg, & Reuter, 2021;
Jimenez, Kuusi, & Ojala, 2022). There is also some evi-
dence that this type of knowledge can be acquired
implicitly (via mere exposure to music), stored in
long-term auditory memory, and activated automati-
cally when listening to music informing harmonic
expectations (Vuvan & Hughes, 2019). Less research has
been done on listeners’ ability to anticipate harmonic
events based on veridical memories of harmony. A few
studies have investigated whether veridical memories
can override the effect of schematic knowledge on har-
monic perception. In these studies, veridical memories
have been created during the experiment by familiariz-
ing the participants with a song-like musical passage
created for the experiment (Creel, 2011), and especially
by using block-chord progression (Tillmann & Bigand,
2010; Pagès-Portabella, Bertolo, & Toro, 2021), one of
the simplest and most common ways to instantiate har-
mony in empirical research (Pearce & Rohrmeier, 2018).
In other studies, veridical knowledge has been created
by informing the participants about the forthcoming
chord (Guo & Koelsch, 2016; Justus & Bharucha,
2001). The studies have shown that veridical memories
can decrease but not completely override the effect of
schematic knowledge on harmonic perception. How-
ever, the generalizability of the results is limited by the
brevity of the familiarization with the stimuli and, with
the exception of Creel (2011), by the use of block chords
as opposed to melody-and-accompaniment textures.
Schubert and Pearce (2015, p. 367) point out that
song-specific mental representations of harmonic pat-
terns are more firmly established in long-term memory
after weeks or years of repeated exposure than after
relatively short periods of exposure within experimental
sessions. These beliefs are consistent with empirical
findings regarding the effect of multiple exposures
(Szpunar et al., 2004) and consolidation periods (Mar-
shall & Born, 2007; Miles et al., 2016; Morgan-Short
et al., 2012) on memory tasks.

More recent studies that have focused on veridical
memory for harmony have taken advantage of partici-
pants’ already-existing extensive familiarity with com-
mercially successful songs, improving the ecological
validity in terms of musical texture and familiarization.

These studies have shown that the listeners are able to
identify songs from their chord progressions even when
melodic, rhythmic, timbral, and textural cues are miss-
ing, a type of retrieval task that relies almost exclusively
on veridical memory for harmony (Jimenez & Kuusi,
2018, 2020; Kuusi et al., 2021).

Although these studies show that simple block-chord
textures can activate memories of songs that use
melody-and-accompaniment textures, very few studies
on memory for harmony have used melody-and-
accompaniment textures as stimuli, and none of them
have studied both veridical and schematic memory
using extensive real-life familiarity with the tested
music. Povel and Van Egmond (1993) noticed that par-
ticipants rated a melody as similar to itself even though
the harmony of the different accompaniments was not
the same, suggesting that participants can at least par-
tially ignore the accompanying harmony in short-term
memory tasks. Cullimore (1999) used excerpts from
a piano piece by W. A. Mozart either as original, with
stylistically acceptable harmonic modifications in the
accompaniment, or with modifications in the main mel-
ody that did not modify the harmony. Participants rated
the excerpts as being more different from each other
when the modifications occurred in the main melody
than in the accompaniment, even when the participants
had played the piece in the past. This suggests that the
auditory memory for the harmonic elements of the
accompaniment might lack details and vividness. Creel
(2011) showed that participants can store auditory
long-term memory related to the general harmonic
characteristics of the accompaniment and that these
memories could be activated by listening to the melody
without the accompaniment even when the pitches of
the melody did not fully determine the key. Yet, it seems
that information concerning specific chords in the
accompaniment is more difficult to store than general
harmonic information (Cullimore, 1999).

In order to investigate listeners’ ability to remember
the specific chords of an accompaniment (veridical
memory) and their ability to assess chords when they
have not heard the songs before (schematic memory),
our current study combined elements from Creel (2011)
and an experiment on chord substitution by Lhost and
Ashley (2006), the only attempt so far in testing the
perception of chord substitution in the context of a spe-
cific musical style. We took Lhost and Ashley’s study as
a point of departure by using stylistically acceptable and
unacceptable chords together with the original chords.
However, while Lhost and Ashley’s study investigated
musicians’ ability to assess block chords in the context
of the 12-bar blues progression, a style-specific
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harmonic schema, we set to investigate participants’
ability to assess the chords of specific songs. This type
of task more directly involves veridical memory and
does not necessarily require music training.

Additionally, we adopted from Creel (2011) the use of
melody-and-accompaniment textures instead of block-
chord progressions. However, we used digitally isolated
vocals from pre-existing commercially successful songs
instead of song-like stimuli created for the experiment.
By these choices we were able to have naturalistic stim-
uli that provided participants with a rich harmonic pal-
ette and multiple cues for retrieval (e.g., lyrics and
nuance of vocal timbre and interpretation). Hence, we
were able to use ecologically valid stimuli to deepen our
understanding of how chord substitutions are perceived
and to gain knowledge about how well the harmony of
the accompaniment is remembered.

Aim

Our study investigated participants’ veridical and
schematic memory of harmony using melody-and-
accompaniment textures. More specifically, we exam-
ined the participants’ ability to determine whether the
chords accompanying isolated vocals of commercially
successful songs were the original ones (targets) or had
been substituted either by schematically plausible lures
or by non-matching clashes. We expected that veridical
knowledge (familiarity with the song) would be impor-
tant for distinguishing the original chord from the lure
while schematic knowledge (familiarity with the musical
style and Western tonal music in general) was expected
to be important for distinguishing the clash. Further, we
examined the role of schematic knowledge of those par-
ticipants who did not know the songs (and therefore
could not use veridical knowledge) for comparing the
lure and the target. For further information of the
chords, see ‘‘Stimuli.’’

We also studied the role of participant background
variables for their responses, since we expected that
both general music training and conceptual knowledge
of harmony would facilitate the task. Earlier studies
have shown that general music training relates to
greater attention (Williams, 2005) and sensitivity to har-
mony (Farbood, 2012; Kopiez & Platz, 2009) in exper-
imental tasks that involve implicit or explicit schematic
knowledge of harmony. Further, the tasks that heavily
rely on veridical memory for harmony—such as the
identification of songs from chord progressions—seem
to be facilitated by music training (Jimenez & Kuusi,
2018), by having played the songs, and by being able
to write their chord labels from long-term memory

(indicating conceptual knowledge, hereafter named as
‘‘specialized harmonic familiarity;’’ Jimenez & Kuusi,
2020; Kuusi et al., 2021).

In addition to the three different types of test chords
(target, lure, and clash as explained above) we used two
types of harmonic conditions. In the one-chord condi-
tion, only the chord to be rated was presented with the
digitally isolated vocals from the best-known recording
of the song. In the all-chords condition, all chords that
accompany the vocals were presented. In both condi-
tions, we used chords formed of simultaneously played
pitches (instead of the original texture). We expected
that (a) the task would be easier in the all-chords con-
dition than in the one-chord condition. Further, we
anticipated that (b) the participants are most confident
about the targets being the original chord followed by
the lures and the clash chords, that (c) participants’
veridical harmonic knowledge influences the lure rat-
ings, and that (d) participants’ schematic harmonic
knowledge influences the clash ratings.

Method

PARTICIPANTS

The online experiment was visited 1,476 times between
September 22 and October 21, 2021. Since we knew that
the number of non-serious visitors and survey bots is
large in crowdsourcing platforms (Ahler et al., 2019;
Dennis et al., 2020), we used a pre-test to screen parti-
cipants. In the pre-test, the visitors were to choose the
loudest tone of a series of five piano tones. The difficulty
of the loudness pre-test was set relatively high to min-
imize the influence of the quality of participants’ head-
phones, the environmental noise, and participants’
hearing deficiencies like hearing loss. The loudness
pre-test included three separate trials, and the partici-
pants were allowed to listen to the series of five tones in
each trial as many times as they wanted before moving
on to the next trial. Altogether 212 visitors abandoned
the survey before taking the pre-test, one visitor aban-
doned the survey while taking it, and 963 visitors were
not allowed to take the survey because they failed to
answer the pre-test correctly. Further, we used three
criteria1 for recognizing and rejecting 37 visitors who
completed some parts of the experiment without actu-
ally listening to the item or with the help of autofillers or

1 The participants were rejected if they a) responded before listening to
the whole stimulus; b) did not identify the control stimuli that had no
accompanying chords; c) provided likely automatic responses to the
open-ended questions (e.g., nonsensical, or extremely repetitive
responses).
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bots. Of the 263 who remained, 153 (58.2%) completed
the experiment. This completion rate is approximately
the same as in online experiments using participants
with high internal motivation (Bosnjak & Tuten, 2003;
Tuten et al., 2004) but clearly higher than in some other
studies (O’Neil & Penrod, 2001; O’Neil et al., 2003).
Further, it should be noted that the completion rate does
not include those who completed the experiment but
were rejected because of our inclusion criteria.

Since 33 of the participants had taken the experiment
twice and we only accepted the first response from
them, the total number of participants whose responses
were included in our main analysis was 120 (60 male, 59
female, 1 other; age M = 42.44, SD = 11.29. We collected
background information of the participants through
a questionnaire to which they responded at different
points during the experiment. Approximately one third
(34.2%) of the participants had never played an instru-
ment and could be labeled as listeners, while the others
had played an instrument for less than five years
(25.8%) or for more than five years (40.0%). Additional
participant information will be explained in Results and
shown in Appendix A.

STIMULI

The songs were selected based on various online pilots.
Amazon Mechanical Turk workers were initially sur-
veyed about the number of times they had heard and
played 150 songs that (1) had more than 300,000 listen-
ers in Last.fm and (2) had verses with harmony not
limited to root position versions of the most common
diatonic triads used in Western popular music (i.e., I, IV,
V, vi, and ii with no added tones; de Clercq & Temperley,
2011; Miles et al., 2017; Nadar et al., 2019). Of these, 40
songs were pre-selected based on (1) the results of the
survey, (2) whether the best-known recording of the
song contains clearly audible vertical instantiations of
the chords in the accompaniment of the verse (e.g.,
block chords not covered by loud percussion), and (3)
our success at using DeMIX Pro version 2.0.2 to digi-
tally isolate the vocals of the verse of the song without
producing major audio artifacts.

From the beginning of the first verse of each of these
40 songs, we selected an excerpt consisting of 2 to 4
melodic phrases, containing 4 to 12 chords in the
accompaniment, and lasting between 7 to 18 s. We used
excerpts from the verses because they often feature only
one vocal layer (Stephenson, 2002) and because they
tend to have less timbral variety (van Balen et al.,
2013) and a less dense texture (Everett, 2009) than
choruses. All these characteristics facilitated the digital
isolation of the vocals. Yet another reason for using

verses was that chord progressions in verses tend to
be less predictable than those in choruses, and the har-
monic unpredictability of the verse tends to peak near
the middle of each verse (Miles et al., 2017). Within each
excerpt we chose the target chord using the following
criteria: (1) it was not a root position version of the most
common diatonic triads and (2) it occurred near to the
middle of the excerpt, preceded by 2 to 5 chords and
followed by 1 to 5 chords. Using target chords with
moderate levels of harmonic unpredictability in our
experiment prevented participants from guessing the
original chord based purely on schematic harmonic
knowledge.

For each excerpt of isolated vocals we created an
accompaniment in Logic Pro X instantiating each chord
as a single block chord that was as similar as possible to
the original accompaniment in terms of pitches, metri-
cal placement, and timbre. We created two additional
versions of each excerpt by substituting the target chord
with a lure or clash chord. The lure substitute was
a commonly used chord type (de Clercq & Temperley,
2011; Miles et al., 2017; Nadar et al., 2019) whose
pitches matched several of the pitches of the accompa-
nied vocals. The lure chords were also similar to the
targets in terms of chord type (e.g., both target and lure
were major seventh chords) or in the exact pitches of all
the notes of the chord except for its bass. In the latter
case the bass tone always changed the chord type (e.g.,
from Fadd9 to Am7). The clash substitute was always
a root-position major chord (without added tones)
whose pitches clashed with both the tonal center and
the local pitches of the melody (isolated vocals) and
whose root was often a semitone apart from the original.

Due to the multiplicity of musical variables that may
affect how participants perceive a chord accompanying
a melody (e.g., harmonic context, metrical position,
style, lyrics, timbre) we decided not to make any further
assumptions about the musical validity of the chord
substitutions based on theoretical grounds. Instead, we
tested each of the 40 songs in pilots to identify the chord
substitutions that participants were most likely to mis-
takenly assume to be the chord used in the best-known
recording of the song. Although participants in the
pilots were not allowed to later participate in the main
experiment, they were recruited via the same crowd-
sourcing platform we used in the main experiment (see
Procedure), and we therefore considered their responses
sufficiently generalizable to our main experiment.

Finally, we chose 10 songs that represented various
decades between 1965 and 2008 and that, according to
the pilots, were well-known, had adequate timbral
similarity between test chords and the original
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accompaniment (indicated by consistent high ratings
for target), in which the original test chords could be
substituted with lure chords that were musically con-
vincing (indicated by similarity between ratings of tar-
get and lures), and that, when all songs were viewed as
a whole, contributed to a set of stimuli that varied in
terms of chord type, scale degree, and inversion. We
then created two versions of each stimulus. Each of
these two versions included the same vocals accompa-
nied either by only the test chord (one-chord condition)
or by the test chord plus other block chords instantiat-
ing the accompaniment in the original song (all-chords
condition). For details see Appendices B and C.

PROCEDURE

The project was approved by the Research Ethics Com-
mittee of the University of the Arts Helsinki. Partici-
pants were recruited online by ‘‘word of mouth’’ and
using Amazon Mechanical Turk (MTurk), a crowdsour-
cing platform that provides access to more than a hun-
dred thousand potential participants (Difallah et al.,
2018). Armitage and Eerola (2020) have shown that the
results of music cognition experiments on chord per-
ception carried out in standard laboratory settings are
comparable to those from online experiments that
recruit participants using services like MTurk.

We used PsyToolkit software (Stoet, 2010, 2017) for
data collecting. In the main experiment, the participants
were first provided with the title of the song, the name
of the artist or band who recorded the best-known ver-
sion of the song, the date of release of that version, and
playback controls to hear the excerpt (isolated vocals
only). At this point, the participants were asked to give
a general estimate of how many times they had heard
and sung the song. Participants who had experience in
playing and practicing musical instruments were also
asked to estimate how many times they had played the
song and what percentage of those performances were
read from music notation, and to write down the labels
of the chords from the excerpt based on long-term
memory. All participants who had heard the song at
least once in their lifetime were also asked to rate the
vividness of their memory for the missing accompani-
ment of the isolated vocals.

After responding to the preliminary questions, the
participants were taken to a page that included playback
controls and questions about the three different harmo-
nizations of the isolated vocals from the song. Each
participant heard both the one-chord and all-chords
condition for each song. To minimize the order effect
of the conditions, at least eight songs were tested
between the two conditions of a song. The time between

the two conditions was further increased by the ques-
tions about the songs described above.

The following instructions were always presented at
the top of the page:

For each of the audio clips in this page, please choose
the option that best describes whether the accompa-
nying test chord is the chord from the actual song.

- The underlined blue bold text, in the lyrics right
below the playback controls, shows you the exact
moment when you will hear the test chord.

- If you have heard the song before, please rely only on
your current memory of the song, please do not look
up the song on the internet or your private collection
to refresh your memory of the song. Also, try to ignore
the fact that the instruments used to play the chords
in this page are not the exact same instruments as
those used in the actual song.

- If you have never heard this song before in your life
(other than the excerpt of isolated vocals we previ-
ously played for you), please respond according to
your feeling about what original chord is likely to be
(e.g., respond "definitely yes" if your strongly feel that
the test chord sounds like it should be the chord used
in the original song).

- Regardless of your degree of familiarity with the
song, try to avoid giving the same response to all the
three audio clips in this page.

Figure 1 is an example of how each excerpt was pre-
sented on the screen to the participants. The partici-
pants were given a 7-point scale to rate each of the
three excerpts. Stimuli and rating scales for all three test
chords of the song were presented on the same page.
The participants were free to listen to the stimuli as
many times as they wanted. To verify that the partici-
pants were attentively listening to the excerpts, they
were randomly presented with audio clips that had iso-
lated vocals without any accompaniment.

After being tested on all the 10 songs in both condi-
tions, the participants were asked some additional ques-
tions about their experience with music including the
self-reported portion of the Gold-MSI (Müllensiefen
et al., 2014). Most participants completed the entire
session in less than 40 minutes.

Results

We started our analyses by calculating descriptive sta-
tistics to all test variables (target, lure, and clash) for the
one-chord condition and the all-chords condition. As
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stated, the order of the one-chord condition and the all-
chords condition was pseudo-randomized. Half of the
songs for any given participant were presented in the
one-chord condition as the first instance, and the all-
chords condition as the second instance followed at
least eight songs later. For the other half of the songs,
the order of the conditions was reversed. The confi-
dence ratings for targets, lures, and clashes were aver-
aged for the two conditions and two instances
separately (see Figure 2). Generally, the ratings of the
target were the highest (range from 4.68 to 5.25), those
of the clash the lowest (range from 1.73 to 2.11), the lure
being in-between (range from 3.95 to 4.39). The differ-
ences between the three test chords varied between 0.57
points (one-chord target versus one-chord lure) and
3.52 points (all-chords target versus all-chords clash),
the average difference being 2.09 points. On the other
hand, the differences between the first and second
instance were generally very small: between 0.06 points
(one-chord clash) and 0.51 points (one-chord target),
the average difference being 0.17 points. There were
statistically significant differences between the first and
second instance only for the one-chord target, t(119) =
5.417, p > .001. This being the case, in the rest of the
analyses we did not make a distinction of whether the

confidence ratings were given in the first or second
instance. The statistics for the target, lure, and clash
chords in one-chord and all-chords conditions are given
in Table 1.

To analyze the participant variables, we ran a principal
components analysis (PCA) with varimax rotation
(Table 2). The participant variables are listed in Table 3
and a more thorough explanation can be found in
Appendix A. For the participant variables the Kaiser-
Meyer-Olkin measure was .834, which means that the
data was adequate for factor analysis, and Bartlett’s test
of sphericity, w2(136) = 1244.552, p <.001, told that the
data matrix was not an identity matrix with uncorre-
lated variables, and, hence, suitable for factor analysis.
The PCA revealed a four-component solution explain-
ing approximately 71.1% of the variance (Table 2).

The structure was understandable and easy to inter-
pret. The initial interpretation followed the standard
view that factor analysis can help to uncover latent vari-
ables to which all the observable variables within each
component are related (Bollen, 2002). Based on the
variables, the interpretation is as follows (see the bold-
print numbers in the varimax-rotated matrix in Table 3):
Component 1 consisted of variables related to practical
work with chords (e.g., composing, arranging, playing

FIGURE 1. Screenshot of the main experimental task as presented to participants. Each page contained three tasks corresponding to the three

different test chords.
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chords or songs by ear) and was initially labeled as
Practical Harmonic Knowledge. Component 2 con-
sisted of self-reported singing and listening abilities and
interest in music and was initially named accordingly.
Component 3 (initially labeled Familiarity with the Test
Songs) was related to the participant’s general familiar-
ity with the test song (age being correlated with the
number of times participants had heard the test songs).
Finally, Component 4 was related to theory-driven and

notation-driven work with chords and was initially
labeled as Conceptual Knowledge of Chords. Our deci-
sion to interpret C1 as Practical Harmonic Knowledge
refers to the fact that all playing of—or practicing
with—chords (with exception of variable V7) loaded
to C1, even though variables V13 and V14 were specific
for the test songs (and hence could be part of C3). It
should be noted that playing chords (one of the char-
acteristics of C1) was not particularly common among

FIGURE 2. Mean ratings grouped by the type of chord, condition, and by whether the songs were presented first in the one-chord condition or the all-

chords condition. The error bars indicate halved standard deviations. The asterisk marks the statistically significant difference between the 1st and 2nd

instance.

TABLE 1. Statistics of Responses for the One-chord and All-chords Target, Lure, and Clash

Descriptive Statistics

N Min Max Mean Std. Deviation

One-chord Target 120 3.30 6.50 4.946 0.690
One-chord Lure 120 2.30 5.80 4.253 0.797
One-chord Clash 120 1.00 5.44 2.078 0.942
All-chords Target 120 3.20 7.00 5.205 0.789
All-chords Lure 120 1.50 6.20 4.041 0.886
All-chords Clash 120 1.00 5.70 1.797 0.967

TABLE 2. Principal Component Analysis of Participant Variables

Initial Eigenvalues Extraction Sums of Squared Loadings

Component Total % of Variance Cumulative % Total % of Variance Cumulative %

1 6.678 39.280 39.280 6.678 39.280 39.280
2 2.399 14.112 53.391 2.399 14.112 53.391
3 1.924 11.318 64.709 1.924 11.318 64.709
4 1.083 6.369 71.078 1.083 6.369 71.078
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our participants (as shown in Appendix A, more than
60% of all participants had never played chords, and
more than 70% had not played the test songs). What
was very common among the participants was hearing
the test songs (V11) and singing them (V12; as shown in
Appendix A, all had heard the songs and 96% had sung
them), and these variables related to general familiarity
with test songs (the main characteristic of C3).

In addition to this standard approach with initial
labels, we also provide another interpretation of the four
components. In this second interpretation, we reconsid-
ered the components using a two-dimensional frame-
work: Dimension 1 stands for veridical and schematic
memory for harmony, and Dimension 2 stands for gen-
eral and specialized knowledge of harmony. The verid-
ical and schematic types of memory have already been
shown to affect the perception of chord progressions
(see Introduction), and earlier studies have also shown
the importance of specialized harmonic familiarity (see
Aim). Figure 3 shows how each component is inter-
preted in the two-dimensional matrix. Veridical mem-
ory for harmony is understood as familiarity with the
test songs either at a general level (by having heard and
sung the songs; C3) or at a specialized level (by having
played the songs and being able to write the labels; C1).
Further, the number of arranged pieces could refer to

specialized familiarity if the arranged pieces are the
songs used in the experiment (we did not ask the parti-
cipants whether they had arranged the test songs).
However, the variable ‘‘composed pieces’’ does not fit
in this interpretation and is written in grey because of
this. As for schematic memory, it is understood as
familiarity with tonal harmony either at a general level
through the amount of exposure and attention to music
during every-day listening (C2) or at a specialized level
through training on analyzing chords and chord pro-
gressions, playing them, and identifying them by ear
(C4). The variable V5 (emotional responses) does not
unambiguously fit in this interpretation since it could be
important for specialized knowledge as well. Even with
the few shortcomings, this interpretation of the compo-
nents allows us to describe the potential relationships
between the chord ratings and veridical and schematic
harmonic knowledge more easily.

To have a thorough view of how confidently the par-
ticipants differentiated the target from the lure and
clash chords, we analyzed the responses using the
receiver operating characteristic (ROC) analysis and the
area under curve (AUC). This analysis is commonly
used in musical memory studies, and in our case, it
showed how well the participants were able to differen-
tiate the targets from the lures and clashes (for AUCs,

TABLE 3. The Loadings of Each Participant Variable on the Four Components

Rotated Component Matrix

Component

C1 Practical
Harmonic
Knowledge

C2 Singing
and Listening

Abilities

C3 Familiarity
with the Test

Songs

C4 Conceptual
Knowledge of

Chords

age �.151 �.323 .565 .041
V1_GoldMSI_Factor1_Active_engagement .200 .825 .074 .154
V2_GoldMSI_Factor2_Perceptual_abilities .124 .825 .055 .252
V3_GoldMSI_Factor3_Musical_training .305 .473 �.095 .595
V4_GoldMSI_Factor4_Singing_abilities .236 .829 �.044 .262
V5_GoldMSI_Factor5_Factor_emotions .137 .814 .172 .014
V6_playing_chords_by_ear_total_hours .643* .238 .037 .446
V7_playing_chords_from_music_notation_total_hours .135 .139 .007 .837
V8_years_ear_training_chords_and_progressions .444 .148 .060 .690
V9_number_of_pieces_composed .862 .141 �.047 .043
V10_number_of_pieces_arranged .885 .070 .072 .022
V11_average_times_heard_for_all_10_songs .068 .016 .907 .022
V12_average_times_sang_for_all_10_songs .048 .244 .804 �.012
V13_average_times_played_for_all_10_songs .765 .169 .174 .375
V14_percentage_times_played_BY_EAR_for_all_10_songs .680 .254 �.048 .186
V15_average_score_for_chord_labels_for_entire_excerpt_

for_all_10_songs
.706 .176 .014 .414

V16_average_self_reported_vividness_of_memory_
for_accompaniment_for_all_10_songs_1_for_unknown

.169 .468 .645 �.034

* The highest loadings of each variable are in bold print.
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see, e.g., Müllensiefen & Halpern, 2014; Schellenberg
et al., 2019). Since we expected that hearing all the
chords would help the participants in their task, we
analyzed the AUCs separately for the one-chord condi-
tion and the all-chords condition. All AUCs were above
the chance level (.500), and they showed that it was
easiest for the participants to differentiate between tar-
gets and clash chords in the all-chords condition (AUC
= .922, SD = .038) and almost as easy in the one-chord
condition (AUC = .885, SD = .056). Differentiating
between the target and lure was not as easy, since the
AUC was .660 (SD = .155) in the all-chords condition
and .602 (SD = .176) in the one-chord condition; see
Figure 4). It should be noted, however, that we accepted
participants regardless of their familiarity with all test
songs. In case the song was unfamiliar, we encouraged
the participant to use their feeling about what original
chord is likely to be, that is, asking them to use schematic
memory. From that perspective, targets and lures were
equally correct. Further, we ran a two-factor ANOVA to
see how much the condition (one-chord or all-chords)
and the chord type used in the comparison with the
target (lure or clash) affected the AUCs. The analysis
confirmed that the type of test chord had a statistically
significant effect, F(1,116) = 49.534, p <.001, on the
AUCs, indicating that the participants were better able
to distinguish the target chords from the clash chords
than from the lure chords. The condition, however, had
no effect, F(1,116) = 1.508, p = .227, indicating that the
single test chord could be distinguished as easily as the

test chord surrounded by other chords of the harmony.
There was no interaction between the chord type and
the condition, F(1,116) = 0.77, p = .782.

Since the lures were schematically plausible—even
though they were not veridically correct—and since

FIGURE 3. Interpretation of the four components in terms of veridical, schematic, general and specialized knowledge of harmony. The black text

indicates variables with the strongest relations to the dimensions.

FIGURE 4. AUCs for one-chord and all-chords condition. Error bars

indicate halved standard deviations.
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we had asked our participants to evaluate the chords
also in the songs they were not familiar with, the AUCs
did not reveal the whole picture of the schematic and
veridical memory of harmony. Therefore, we continued
our analyses by conducting regression analyses with the
four components of the PCA for predicting the estima-
tions separately for targets, lures, and clashes. We used
both the one-chord condition and the all-chords con-
dition since we wanted to see if the condition had a role
in any of these. The results of the regression analyses are
collected in Table 4 (model 1 for target, model 2 for lure,
and model 3 for clash; (a) standing for the one-chord
condition and (b) for the all-chords condition).

In the regressions, the Durbin-Watsons were between
1.725 and 2.187, i.e., all were near 2, which is optimal.
Further, the residuals showed that the data were suitable
for linear regression. For the one-chord condition, the
model explained 30.7% of the variance of the target
ratings; model 1a: R2 = .307, F(4, 115) = 14.173, p <
.001, and all four PCA components added to the model
(see Table 5). Further, it explained 10.9% of the variance
of the lure ratings; model 2a: R2 = .109, F(4, 115) =
4.647, p = .002, with components 1 and 3 adding to the
model, and 26.6% of the clash ratings; model 3a: R2 =
.266, F(4, 115) = 11.801, p < .001, with all the compo-
nents adding to the model. For the all-chords condition,
the model explained 27.7% of the variance of the target
ratings; model 1b: R2 = .277, F(4, 115) = 12.395, p < .001,
with all components adding to the model. Further, it
explained 24.3% of the variance of the lure ratings;
model 2b: R2 = .243, F(4, 115) = 10.564, p < .001, with
components 1, 3, and 4 adding to the model, while for
the clash ratings the model explained 15.1% of the

variance by components 2, 3, and 4; model 3b: R2 =
.151, F(4, 115) = 6.306, p < .001.

As the average ratings showed and as could be seen
already from the bars in Figure 2 and the AUCs in
Figure 4, determining that the lure is not the original
chord was a difficult task. It was much more difficult
than differentiating the clash chord from the original. In
the one-chord condition, a very vivid veridical memory
of the chords was needed, a type of knowledge that
cannot be created from harmonic implications of the
melody. Therefore, it makes sense that only two com-
ponents, the veridical general knowledge (B = -.205, p =
.004) and veridical specialized knowledge (B = -0.185,
p = .008) were statistically significant variables in the
model for the one-chord lure, and that the participants’
schematic knowledge was not helping them in their
evaluations (see Table 5). Further, the negative signs in
B values tell that the more veridical knowledge the par-
ticipants had about the song, the lower the lure ratings
were, indicating that by using veridical knowledge about
the song the participants could differentiate the lure
from the original. On the other hand, in the all-
chords condition the other chords allowed the partici-
pants to use not only their veridical knowledge (C1; t =
-0.272, p < .001; C3; t = -0.292, p < .000) but also their
schematic (and conceptual) knowledge (C4; B = -0.186,
p = .010) about chords to determine that the lures were
not the original chords.

Conversely, determining that the clash chord was not
the original chord was a relatively easy task that was
facilitated by both schematic and veridical memory.
As Table 5 shows, all B and t values are negative, indi-
cating that in both one-chord and all-chords condition,

TABLE 4. Model Summary and Coefficients for Regression Analyses

Model Summary

Model R
R

Square
Adjusted R

Square
Std. Error of the

Estimate

Change Statistics

R Square
Change

F
Change df1 df2

Sig. F
Change

Durbin-
Watson

1a .575c .330 .307 .574253 .330 14.173 4 115 .000 1.725
2a .373c .139 .109 .752579 .139 4.647 4 115 .002 1,858
3a .539c .291 .266 .806639 .291 11.801 4 115 .000 2.209
1b .549c .301 .277 .671027 .301 12.395 4 115 .000 1.940
2b .518c .269 .243 .770992 .269 10.564 4 115 .000 1.871
3b .424c .180 .151 .891261 .180 6.306 4 115 .000 2.187

1a. Dependent Variable: one-chord condition, target
2a. Dependent Variable: one-chord condition, lure
3a. Dependent Variable: one-chord condition, clash
1b. Dependent Variable: all-chords condition, target
2b. Dependent Variable: all-chords condition, lure
3b. Dependent Variable: all-chords condition, clash
c. Predictors: (Constant), C1, C2, C3, C4
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TABLE 5. Interpretation of Components and Coefficients from Regressions

Rating
Compo-

nents Standard Interpretation
Veridical - Schematic
Interpretation

Unstandardized
Coefficient B t Sig.

Model 1a: one-
chord target

1 Practical harmonic
knowledge

Veridical specialized 0.185 3.523 0.001

2 Singing and listening
abilities

Schematic general 0.244 4.631 0.000

3 Familiarity with the test
songs

Veridical general 0.158 2.992 0.003

4 Conceptual knowledge
of chords

Schematic specialized 0.196 3.726 0.000

Model 2a: one-
chord lure

1 Practical harmonic
knowledge

Veridical specialized �0.185 �2.688 0.008

2* Singing and listening
abilities

Schematic general 0.072 1.041 0.300

3 Familiarity with the test
songs

Veridical general �0.205 �2.965 0.004

4 Conceptual knowledge
of chords

Schematic specialized �0.084 �1.221 0.224

Model 3a: one-
chord clash

1 Practical harmonic
knowledge

Veridical specialized �0.155 �2.099 0.038

2 Singing and listening
abilities

Schematic general �0.311 �4.200 0.000

3 Familiarity with the test
songs

Veridical general �0.223 �3.011 0.003

4 Conceptual knowledge
of chords

Schematic specialized �0.297 �4.011 0.000

Model 1b: all-chords
target

1 Practical harmonic
knowledge

Veridical specialized 0.153 2.488 0.014

2 Singing and listening
abilities

Schematic general 0.281 4.576 0.000

3 Familiarity with the test
songs

Veridical general 0.210 3.419 0.001

4 Conceptual knowledge
of chords

Schematic specialized 0.202 3.280 0.001

Model 2b: all-chords
lure

1 Practical harmonic
knowledge

Veridical specialized �0.272 �3.850 0.000

2 Singing and listening
abilities

Schematic general �0.132 �1.869 0.064

3 Familiarity with the test
songs

Veridical general �0.292 �4.128 0.000

4 Conceptual knowledge
of chords

Schematic specialized �0.186 �2.627 0.010

Model 3b: all-chords
clash

1 Practical harmonic
knowledge

Veridical specialized �0.094 �1.150 0.253

2 Singing and listening
abilities

Schematic general �0.187 �2.291 0.024

3 Familiarity with the test
songs

Veridical general �0.282 �3.452 0.001

4 Conceptual knowledge
of chords

Schematic specialized �0.212 �2.595 0.011

*Greyed-out components had no statistically significant contribution to the model.
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veridical and schematic knowledge had a negative influ-
ence on the ratings of the clash chords. In other words,
the higher the veridical and schematic knowledge of the
participants, the lower the rating of the clash chord. It
should be remembered that the ratings of the clash
chords in both conditions were generally low, the
averages on the scale from 1 to 7 being 2.078 (one-
chord condition) and 1.797 (all-chords condition),
indicating high confidence in the chord not being the
original. It is possible that veridical specialized familiar-
ity was no more needed for the clash-chord ratings in
the all-chords condition, because the participants were
also able to make the decision without this knowledge.

After conducting these main analyses, we also wanted
to have a look at the responses from the participants
who knew the songs beforehand and those who did not.
We did this to focus on the effect of veridical and sche-
matic knowledge of harmony. Since the responses were
based on a varying number of songs for each participant
and the number of familiar songs was not controlled for,
we only show the bar charts (Figure 5). The figure
reveals an expected pattern showing that those who
knew the songs and, thus, had at least some veridical
knowledge of the songs rated the targets higher than
lures (Mone-chord target = 5.011; Mone-chord lure = 4.140;
Mall-chords target = 5.267; Mall-chords lure = 3.882), while for
those using schematic knowledge the target and lure
ratings were practically the same (Mone-chord target =
4.353; Mone-chord lure = 4.502; Mall-chords target = 4.758;
Mall-chords lure = 4.495). The figure also suggests an effect
of both schematic and veridical knowledge on the rat-
ings of clashes.

Discussion

This study investigated participants’ veridical and sche-
matic memory for one test chord in an experiment with
melody and block-chord accompaniment. Each stimu-
lus consisted of the digitally isolated vocals of an excerpt
from the first verse of a song accompanied by the test
chord with or without the other chords that accompany
the vocals in the original song. The test chords were
harmonically identical to the original (target), schemat-
ically plausible but harmonically different from the orig-
inal (lure), or harmonically clashing (clash). The main
finding was expected: differentiating between the targets
and lures was a more difficult task than evaluating that
the clash chord was not used in the original harmony.
Further, the results showed that providing the partici-
pants with all the chords (harmonic context) increased
the participants’ opportunity to use schematic memory
to assess the schematically plausible lure chords.
Through our analyses we found that the participant
variables could be reasonably grouped using a two-
dimensional framework with schematic–veridical and
general–specialized knowledge of harmony as the
dimensions and that the grouped variables could be
used to predict the participants’ confidence in deter-
mining that the target chords were the same as the
original chords. Further, we found that veridical knowl-
edge of the songs was needed to correctly rate that the
lure was not the original, while with the clash chords the
schematic knowledge of harmony together with general
veridical knowledge of the style were enough. In what
follows, we will discuss the interpretations of the results.

FIGURE 5. Mean ratings grouped by type of chord, condition, and whether participants had heard the song before the experiment. Error bars indicate

halved standard deviations
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THE EFFECT OF CONTEXT CHORDS

When the isolated vocals were accompanied with only
the test chord (one-chord condition), the harmony was
implied by the melody. In this case the participants could
use their schematic knowledge if they were not familiar
with the song. When the isolated vocals were accompa-
nied by all the chords, the presence of the chords could
affect chord evaluations in two different ways. First, the
context chords made the stimuli rather similar to the
original song, which was likely to lead to greater activa-
tion of the veridical long-term memory traces for the
song, thus facilitating the evaluation of the test chord.
Second, the context chords provided harmonic informa-
tion that could further clarify the tonal center of the
stimulus, the specific harmonic style of the song, and the
voice leading from the previous chord to the target and
the following chord in the progression. All this informa-
tion provided additional opportunities for schematic har-
monic knowledge to be activated, which influenced the
ratings of the test chord with the help of the surrounding
chords. The increase of information was related to verid-
ical and schematic harmonic knowledge, and it explained
the different involvement of (or reliance on) veridical and
schematic harmonic knowledge in all-chords and one-
chord conditions in our experiment.

THE EFFECT OF SUBSTITUTION TYPE

As stated in Stimuli, the lure chords were similar to the
targets either in terms of the chord type (e.g., both target
and lure were major seventh chords) or in the exact
pitches of all the notes of the chord except for its bass.
The target and lure chords were also similar in terms
of their relationship to the accompanied melody, in that
they shared one or more pitch classes with the concur-
rent melody. According to corpus analysis, the roots of
the lures were in most cases more common than the
roots of the target. Further, the lures were selected for
the experiment based on pilot responses showing that the
lures were often mistaken for the original chords. Taken
together, the lures were schematically very acceptable
and, as such, difficult to differentiate from the targets but
easy to differentiate from the tonally conflicting clashes.
This explains our results that the target chords were
selected more often than the lures by those participants
who knew the songs (and used veridical memory), while
those participants who did not know the songs and used
schematic memory chose the lures and targets equally
often. The results relate not only to the frequency of
occurrences of chord roots and chord types but also to
the different degrees of importance of chords in the tonal
hierarchy (e.g., Krumhansl, 1990). Future studies could
use models that quantify the hierarchical importance of

chords (e.g., Lerdahl, 2001) to systematically study the
effect of tonal hierarchies on participants’ ratings.

As stated, the clash chords were rated considerably
lower than the target and lure chords. The clash chords
were always major chords that not only had tones outside
the main scale used in the entire vocal excerpt but also
created vertical dissonances (e.g., minor second intervals)
with one or more of the most salient pitches of the con-
current melody. Although the considerably low ratings
for the clash chords in our experiment is not surprising
considering the degree of tonal conflict between the
vocals and the clash chords, these results are not trivial
when compared to previous studies on the perception of
tonal clashes between melody and accompaniment.

Inspired by Wolpert (2000), Kopiez and Platz (2009)
investigated music students’ ability to notice the tonal
clash between melody and accompaniment in songs of
different styles of music. In their study, the song accom-
paniments were played in a key a major second higher
or lower than the key of the melody. They found that
even when instructed to pay attention to the fit between
the melody and the accompaniment, 22% of the
advanced students and 53% of the less advanced stu-
dents failed to notice the tonal clash. This suggests that
such type of clash is perceptually not as obvious as one
could expect based on how extremely rare polytonality
is in most styles of tonal music.

The differences in the results can be explained by the
differences in paradigms. While Kopiez and Platz
(2009) modified the intervallic relationship between the
melody and accompaniment for each entire passage, we
only transposed the test chord. This meant that, unlike
in Kopiez and Platz’ study, our clash stimuli included
a horizontal tonal clash between the clash chord and the
context chords in our all-chords condition and between
the clash chord and the implied or remembered context
chords in our one-chord condition. It is also possible
that the presence of the original extra-harmonic features
in the accompaniment (e.g., rhythm) decreased the
attentional resources devoted to harmonic perception
in Kopiez and Platz. Finally, the key of the clashing
accompaniment in Kopiez and Platz was always a major
second apart from the key of the melody, and such
intervallic relationship created less dissonant vertical
clashes between the accompaniment and the melody
than the type of clash chords used in our study.

PARTICIPANT VARIABLES

We used a procedure of grouping the participant variables
via principal component analysis and using the compo-
nents in a regression analysis for predicting the partici-
pants’ confidence about the target chords, lures, and clash
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chords. By this procedure we could concentrate on verid-
ical and schematic knowledge of harmony on one hand
and general and specialized knowledge of harmony on
the other. Previous studies on identification of songs from
chord progressions had made a distinction between gen-
eral and specialized ‘‘specialized harmonic familiarity’’;
Jimenez & Kuusi, 2020; Kuusi et al., 2021). To our knowl-
edge, our study is the first to make a distinction between
general and specialized aspects of both veridical and sche-
matic memory, a distinction that was largely suggested by
how the participant variables grouped via component
analysis. The interpretation of the confidence ratings led
to the conclusion that veridical and schematic harmonic
knowledge, both general and specialized, had a role in the
assessment of the test chords, and that this knowledge
was crucial for determining the target to be the original
and the lure not being the original.

As we expected, veridical harmonic knowledge was
more important than schematic harmonic knowledge for
the participants to determine that the lure chord was not
the chord used in the original song. This was particularly
clear in the one-chord condition in which harmony
implied by the melody (schematic knowledge) did not
help in differentiating the target from the lure. In fact,
only the two components that were related to veridical
harmonic knowledge had statistically significant effect on
the ‘‘lure’’ responses in one-chord condition. In contrast,
the assessment of all-chords lures was not only facilitated
by the veridical components but also by the component
related to specialized schematic harmonic knowledge
(also labeled as ‘‘conceptual knowledge of chords’’). It is
possible that the participants used specialized schematic
harmonic knowledge to assess how well the lure chord fit
the style and the inner logic of the chord progression.
This knowledge could be used also by those participants
who had only a weak memory of the accompaniment.

For determining that the clash chord was not the chord
used in the original song, the participants seemed to use
both schematic and veridical harmonic knowledge. Inter-
estingly, our finding that familiarity with the songs facil-
itated the assessment of the clash chords contradicted with
Kopiez and Platz (2009) who found that tonal clashes were
less noticeable when the participants were familiar with
the test song. It is possible that familiarity with the songs
increased the tendency for the participants’ attention to
gravitate towards the original extra-harmonic features of
the accompaniment (rhythm and texture) and away from
the tonal conflict. The role of the extra-harmonic features
and their interaction with familiarity calls for further
research. Our experimental paradigm can be easily
adapted to investigating more nuanced categories of both
harmonic and extra-harmonic features.

In addition to veridical and schematic memory for
harmony, sensitivity to sensory dissonance could also
have had a role in the assessment of the clash chords
in our experiment. A recent study asked participants with
varying levels of music training to rate harmonic surprise
in block-chord instantiations of chord progressions from
commercially successful songs (Cheung et al., 2020). The
study showed that harmonic surprise could be predicted
by a combination of cognitive factors (long-term and
short-term statistical learning) and sensory factors (dis-
sonance accumulated in echoic memory). They also
found that the contribution of sensory dissonance to the
surprise ratings was larger for the participants with less
music training. Thus, it is also possible that sensory dis-
sonance not only played a role in our experiment but that
such contribution was modulated by music training. The
characteristics of our experiment, however, do not allow
us to disentangle the effect of sensory and cognitive fac-
tors on participants’ ratings.

Conclusion

The present study provided some evidence that both
veridical and schematic harmonic knowledge can facili-
tate determining whether a test chord is the same as the
original chord used in the best-known recording of
a commercially successful song. The results suggest that
the contribution of veridical and schematic harmonic
knowledge to chord assessment task is at least partially
determined by how schematically appropriate the test
chord is, veridical harmonic knowledge being more cru-
cial for the task when the test chord is schematically
plausible. This study, however, did not test how different
types of stylistically plausible chord substitutions are per-
ceived, a topic that can be investigated in future research.

To our knowledge, this study is the first to isolate
vocals from commercially successful songs to study
memory for the harmony of accompaniment. The eco-
logical validity of the experimental task and the stimuli
used, combined with the relatively clear results obtained
regarding the effects of veridical and schematic har-
monic knowledge, suggest that this type of experimental
paradigm could be of great value to increase our under-
standing of harmonic perception in the future.

Author Note

Correspondence concerning this article should be addressed
to Ivan Jimenez, Sibelius Academy, University of the Arts
Helsinki, Helsinki, P.O. Box 30, FI-00097 UNIARTS,
Finland. E-mail: ivan.jimenez.rodriguez@uniarts.fi

102 Ivan Jimenez, Tuire Kuusi, & Juha Ojala



References

AHLER, D. J., ROUSH, C. E., & SOOD, G. (2019, April 4–7). The
micro-task market for lemons: Data quality on Amazon’s
Mechanical Turk [Paper presentation]. 77th Annual
Conference of the Midwest Political Science Association,
Chicago, IL, United States.

ARMITAGE, J., & EEROLA, T. (2020). Reaction time data in music
cognition: Comparison of pilot data from lab, crowdsourced,
and convenience Web samples. Frontiers in Psychology, 10,
2883. https://doi.org/10.3389/fpsyg.2019.02883

ARTHUR, C. (2017). Taking harmony into account: The effect of
harmony on melodic probability. Music Perception, 34(4),
405–423. https://doi.org/10.1525/mp.2017.34.4.405

BERNSTEIN, L. (1976). The unanswered question: Six talks at
Harvard. Harvard University Press.

BHARUCHA, J. J. (1984). Anchoring effects in music: The resolu-
tion of dissonance. Cognitive Psychology, 16(4), 485–518.

BOLLEN, K. A. (2002). Latent variables in psychology and the
social sciences. Annual Review of Psychology, 53(1), 605–634.
https://doi.org/10.1146/annurev.psych.53.100901.135239

BOSNJAK, M., & TUTEN, T. L. (2003). Prepaid and promised
incentives in web surveys: An experiment. Social Science
Computer Review, 21(2), 208–217. https://doi.org/10.1177/
0894439303021002006

CHEUNG, V. K., HARRISON, P. M. C., KOELSCH, S., PEARCE, M.
T., FRIEDERICI, A. D., & MEYER, L. (2020). Distinct roles of
cognitive and sensory information in musical expectancy.
PsyArXiv Preprints. https://doi.org/10.31234/osf.io/z76hg

CREEL, S. C. (2011). Specific previous experience affects per-
ception of harmony and meter. Journal of Experimental
Psychology: Human Perception and Performance, 37(5),
1512–1526. https://psycnet.apa.org/record/2011-09209-001

CULLIMORE, J. R. (1999). Harmonic hierarchies as distinctive
abstractions that listeners may derive from musical surface
structure (Unpublished master’s thesis). Queen’s University,
Kingston, Canada.

DE CLERCQ, T., & TEMPERLEY, D. (2011). A corpus analysis of rock
harmony. Popular Music, 30(1), 47–70. https://www.cambridge.
org/core/journals/popular-music/article/abs/corpus-analysis-of-
rock-harmony/C5210A8EC985DDF170B53124F4464DA4

DENNIS, S. A., GOODSON, B. M., & PEARSON, C. A. (2020).
Online worker fraud and evolving threats to the integrity of
MTurk data: A discussion of virtual private servers and the
limitations of IP-based screening procedures. Behavioral
Research in Accounting, 32(1), 119–134. https://doi.org/10.
2308/bria-18-044

DIFALLAH, D., FILATOVA, E., & IPEIROTIS, P. (2018).
Demographics and dynamics of Mechanical Turk workers. In
Q. Yu & J. Chen (Eds.), Proceedings of WSDM 2018: The
eleventh ACM international conference on web search and data
mining (pp. 135–143). Association for Computer Machinery.
https://doi.org/10.1145/3159652.3159661

EVERETT, W. (2009). The foundations of rock: From ‘‘Blue Suede
Shoes’’ to ‘‘Suite: Judy Blue Eyes.’’ Oxford University Press.

FARBOOD, M. M. (2012). A parametric, temporal model of
musical tension. Music Perception, 29(4), 387–428. https://doi.
org/10.1525/mp.2012.29.4.387

FRIEDMAN, R. S. (2019). Exploring the impact of continual
drones on perceived musical emotion. Psychomusicology:
Music, Mind, and Brain, 29(4), 171–179. https://psycnet.apa.
org/record/2019-30392-001

GALIZIO, M., & HENDRICK, C. (1972). Effect of musical accom-
paniment on attitude: The guitar as a prop for persuasion.
Journal of Applied Social Psychology, 2(4), 350–359.

GUO, S., & KOELSCH, S. (2016). Effects of veridical expectations
on syntax processing in music: Event-related potential evi-
dence. Scientific Reports, 6(1), 1–11. https://www.nature.com/
articles/srep19064

HURON, D. (2016). Voice leading: The science behind a musical
art. MIT Press.

JIMENEZ, I., & KUUSI, T. (2018). Connecting chord progressions
with specific pieces of music. Psychology of Music, 46(5),
716–733. https://doi.org/10.1177/0305735617721638

JIMENEZ, I., & KUUSI, T. (2020). What helps jazz musicians name
tunes from harmony? The relationship between work with
harmony and the ability to identify well-known jazz standards
from chord progressions. Psychology of Music, 48(2), 215–231.
https://doi.org/10.1177/0305735618793005

JIMENEZ, I., KUUSI, T., CZEDIK-EYSENBERG, I., & REUTER, C.
(2021). Identifying songs from their piano-driven opening
chords. Musicae Scientiae. https://doi.org/10.1177/102986
49211003631

JIMENEZ, I., KUUSI, T., & OJALA, J. (2022). Relative salience of
chord-type and chord-voicing changes: A two-oddball para-
digm. Psychology of Music, 50(5), 1566–1595. https://doi.org/
10.1177/03057356211055214

JUSTUS, T. C., & BHARUCHA, J. J. (2001). Modularity in musical
processing: The automaticity of harmonic priming. Journal of
Experimental Psychology: Human Perception and Performance,
27(4), 1000–1011.

Veridical and Schematic Memory for Harmony 103

https://doi.org/10.3389/fpsyg.2019.02883
https://doi.org/10.1525/mp.2017.34.4.405
https://doi.org/10.1146/annurev.psych.53.100901.135239
https://doi.org/10.1177/0894439303021002006
https://doi.org/10.1177/0894439303021002006
https://doi.org/10.31234/osf.io/z76hg
https://psycnet.apa.org/record/2011-09209-001
https://www.cambridge.org/core/journals/popular-music/article/abs/corpus-analysis-of-rock-harmony/C5210A8EC985DDF170B53124F4464DA4
https://www.cambridge.org/core/journals/popular-music/article/abs/corpus-analysis-of-rock-harmony/C5210A8EC985DDF170B53124F4464DA4
https://www.cambridge.org/core/journals/popular-music/article/abs/corpus-analysis-of-rock-harmony/C5210A8EC985DDF170B53124F4464DA4
https://www.cambridge.org/core/journals/popular-music/article/abs/corpus-analysis-of-rock-harmony/C5210A8EC985DDF170B53124F4464DA4
https://doi.org/10.2308/bria-18-044
https://doi.org/10.2308/bria-18-044
https://doi.org/10.1145/3159652.3159661
https://doi.org/10.1525/mp.2012.29.4.387
https://doi.org/10.1525/mp.2012.29.4.387
https://psycnet.apa.org/record/2019-30392-001
https://psycnet.apa.org/record/2019-30392-001
https://www.nature.com/articles/srep19064
https://www.nature.com/articles/srep19064
https://doi.org/10.1177/0305735617721638
https://doi.org/10.1177/0305735618793005
https://doi.org/10.1177/10298649211003631
https://doi.org/10.1177/10298649211003631
https://doi.org/10.1177/03057356211055214
https://doi.org/10.1177/03057356211055214


KOPIEZ, R., & PLATZ, F. (2009). The role of listening expertise,
attention, and musical style in the perception of clash of keys.
Music Perception, 26(4), 321–334. https://doi.org/10.1525/mp.
2009.26.4.321

KRUMHANSL, C. L. (1990). Cognitive foundations of musical pitch.
Oxford University Press.

KUUSI, T., JIMENEZ, I., & SCHULKIND, M. (2021). Revisiting the
effect of listener and musical factors on the Identification of
music from chord progressions. In J. Ojala & L. Suurpää (Eds.),
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Appendix B
Information about Songs and Test Chords for the Main Experiment

Song
Artist or
Band

Year of
Release

Type of Test
Chord

Test Chord (letter
chord names) Test Chord (Roman numeral)

Yesterday The Beatles 1965 target G V/V or II
lure Bb(add6) IV (add6)
clash B #IV

(Sittin’ On) The Dock
of the Bay

Otis Redding 1968 target A V/V or II
lure D V
clash Ab bII in major mode (clashing with

melody)
How Deep Is Your Love Bee Gees 1977 target G7 V7/vi

lure C7 V7/ii
clash D (#)VII in major mode

Just the Way You Are Billy Joel 1977 target GM7 IVM7
lure BbM7 bVIM7
clash Ab #IV

Dust in the Wind Kansas 1977 target G bVII in minor mode (V in relative
major)

lure G/B bVII6 in minor mode (V6 in
relative major)

clash B Major II in minor mode (clashing
with melody)

True Colors Cyndi Lauper 1986 target F add9(6&M7) IVadd9(6&M7)
lure Am7(11) vi7(11)
clash B (#)VII in major mode

Tears in Heaven Eric Clapton 1992 target D/F# IV6
lure D IV
clash Ab (#)VII in major mode

Wonderwall Oasis 1995 target B7sus4 IV7sus4 in minor mode
lure F#m7 i7
clash Bb #III in minor mode

Umbrella Rihanna feat.
Jay-Z

2007 target Fm7 iii7
lure Ab5&6 V5&6(3rd in melody)
clash D bII in major mode (clashing with

melody)
Viva la Vida Coldplay 2008 target Eb7sus4 V7sus4

lure Absus4(add9) Isus4(add9)
clash D #IV (clashing with melody)
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Appendix C

Transcription of Stimuli Using Target Chord and All-chords Condition
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