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Introduction

Many studies have addressed the role of different musical factors in creating
emotional meaning in music such as tempo, mode, articulation (e.g., Gagnon & Peretz,
2003; Webster & Weir, 2005; Juslin & Sloboda, 2010; Gabrielsson & Lindstrom, 2010),
but the role of vertical harmony has been rather neglected in such studies. According
to Gabrielsson and Lindstrém (2010, p. 393) “research on harmony has focused on the
effects of consonance and dissonance, while there is practically nothing on how
different kinds of chords...may affect expression”. Composers from Jean-Philippe
Rameau to Béla Bartok have attended to vertical harmony’s emotional connotations,
the former acknowledging the power of chords to “excite different passions in us*
(Rameau, 1722/1971, p. 154), the latter pondering on the relationship between the
chord “as a physical phenomenon and the emotion signified by it” (as cited in Frigyesi,
1998, p. 147). Music therapist and composer Paul Nordoff suggests that every chord
"has its emotional impact, each one carries its emotional quality..." (as cited in Robbins
& Robbins, 1998, p. 199).

In regard to emotional qualities conveyed by harmony’s vertical dimension, the
emphasis has mainly been theoretical (e.g., Meyer, 1956; Cooke, 1959) without

empirical support. There have been some empirical attempts to investigate the
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emotional qualities conveyed by vertical harmony, but such studies have either
focussed on harmonic intervals (e.g., Maher, 1980; Costa et al., 2000; Krantz et al.,
2004, OCelmann & Laeng, 2009) or on the major/minor triad distinction (e.g., Heinlein,
1928; Crowder, 1985; Kastner & Crowder, 1990). The perceived sonority of
consonance/dissonance in (mostly) triad chords has also been studied empirically by,
for example, Roberts (1986), Cook (1999), Pallesen et al. (2005) and Bidelman &
Krishnan (2011). Kuusi (2009, 2011) also touches upon the issue of how listeners
perceive single chords aesthetically, but focuses mainly on non-traditional (non-tonal)
chords and adjectives defining chord qualities rather than on actual emotions
conveyed by chords.

The precise definition of what emotions are in regard to music is notoriously
problematic, “even if there is agreement over their general characteristics and
subcomponents” (Eerola etal., 2012, p. 50). When talking about the emotional
gualities of single isolated chords, the phenomenon in question is most likely emotion
perception. Juslin and Sloboda (2010, p. 10) describe this term being “used to refer to
all instances where a listener perceives or recognizes emotions in music (e.g. ‘a sad

expression’), without necessarily feeling an emotion him- or herself”.
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When using the term vertical harmony, we are referring to the perception of a
chord - “a simultaneity of three or more notes” (Parncutt, 1989, p. 2).
Psychoacoustically, chords are perceived as single acoustic objects rather than as
multiple tones (Bregman, 1990), echoing Gestalt psychology’s notion that the whole is
different from the sum of its parts (Schiffman, 2001). By distinguishing vertical
harmony from horizontal harmony we make sure no confusion emerges - horizontal
harmony refers to the successive coincidence of pitches (harmonic progressions).
Horizontal harmony’s emotional effects have been studied empirically by, for
example, Sloboda (1991), Webster & Weir (2005) and Grewe (2007, 2009). The
current study offers new insight into horizontal harmony’s emotional effects as well,
since single chords can be regarded as the smallest components of harmony’s
horizontal dimension (Aldwell & Schachter, 1989).

The question of perceived consonance and dissonance has been the main
paradigm to study the perception of single chords and has also been linked to their
emotional qualities. For example Terhardt (1974) suggests that single isolated chords
are evaluated on the basis of sensory consonance, while harmony is seen as a higher

cognitive process.
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The effect of different distances between intervals has also been evaluated in
relation to emotional qualities conveyed by chords (e.g., Meyer (1956), and harmony's
horizontal dimension might also influence vertical harmony perception. Tramo et al.
for example (2001, p. 96) suggest that “a listener’s implicit (or explicit) knowledge
about harmony in the horizontal dimension bears on harmony perception in the
vertical dimension”, an idea also implied by Cooke’s (1959) semantic approach to
vertical harmony’s emotional qualities in a tonal context. Cooke’s (1959) semantic
approach implies that these tonal relations are working not only in horizontal
harmony, but in its vertical equivalent as well.

Finally, conventions also influence the perception of chords. Meyer (1956) calls
a simultaneous group of sounds which lead the listener to expect a more or less
probable consequent event a “sound term”; for example, the dominant seventh chord
yields a strong expectation to hear the tonic chord, even outside a musical context.

In sum, chords have been implicated to convey “different emotional characteristics” in
past research but most of these studies regard chords within vertical and tonal
contexts. As such, tonal chords in isolation have not been subject to focussed empirical

study.
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In contemporary music research both theory and empiricism play significant
roles (Honing, 2011). The aim of the current experiment is to gather empirical data on
how single chords convey emotional qualities to listeners. While some scholars have
disputed single chords having expressive qualities or intrinsic properties (e.g.,
Hevner, 1936; Lundin, 1985; Davies, 2010), according to previous empirical research
there is little doubt that even such abstract and reduced musical stimuli as single
isolated chords do indeed convey emotional qualities. For example Pallesen et al.
(2005) have demonstrated that neural processing in emotion-related brain areas is
activated even by single chords. The very nature of these emotions, however, has so

far remained unclear and calls for elaborate empirical research.

Experiment

In the current experiment we asked participants to rate single chords (triads and
seventh chords with inversions, all played in isolation rather than incorporated into a
passage of music) on a 9-item emotion scale, constructed on the basis of findings from
previous studies on music and emotions. Even though the basic emotion categories
(e.g., happiness, sadness) are probably the easiest to recognize and communicate in

music (e.g., Juslin & Laukka, 2003; Peretz, 2010), we felt that focusing solely on these
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basic emotion categories would perhaps fail to reflect the more subtle variations of
perceived emotions in single chords. Zentner et al. (2008) suggest that musical
emotions tend to occur in a blended manner: blended or mixed emotions can have
features of both positive and negative qualities, for example the emotion of
“nostalgia”.

The first three bipolar dimensions of the 9-item scale were adopted from
Schimmack and Grob (2000). Their three-dimensional model of affect attempts to
capture the core affects using the three bipolar dimensions of Valence (intrinsic
attractiveness or aversiveness), Energy arousal, and Tension arousal. The advantage of
the dimensional approach is that it separates effectively blended or mixed emotions
(Eerola & Vuoskoski, 2011). The other five unipolar dimensions were chosen on the
basis of The Geneva Emotional Music Scales (GEMS) “derived from confirmatory factor
analyses of ratings of emotions evoked by various genres of music” (Zentner & Eerola,
2010, p. 206), and The Uppsala 15-item Scale for Measuring Emotional Reactions to
Music (Internet 1). The resulting 9-item emotion scale consisted of the dimensions of
1) Valence, 2) Tension 3) Energy, 4) Nostalgia/longing, 5) Melancholy/sadness, 6)
Interest/expectancy, 7) Happiness/joy and 8) Tenderness. As an extra “dimension” we

measured the participants’ liking/preference for each chord.



EMOTIONS CONVEYED BY CHORDS

We decided to include the mixed, “complex” emotion of nostalgia/longing in
the 9-item scale as according to Juslin & Laukka (2004, p. 225) nostalgia “may be one
of the more commonly felt emotions to music”. Moreover, Zentner et al. (2008)
identify nostalgia in their Geneva Emotional Music Scale. The dimension of
interest/expectancy was included because it is considered to be an important general
feature in regard to music and emotions (Juslin et al., 2008). Out of the five basic
musical emotions (happiness, sadness, tenderness, fear, anger) we decided to omit
fear and anger, as fear has been considered an example of a musical emotion arising
mainly from conditioning (Zentner & Eerola, 2010), while anger may have more to do
with psychophysical cues present in the actual musical context (tempo, dynamics,
phrasing) than with single isolated chords. To minimize the effect of different
interpretations of the emotion scales between participants, we explained each
emotion more elaborately in the instructions of the experiment to let the respondents

know how we ourselves understood the given terms (Appendix).

Method

Participants
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The participants for the study were recruited through the internet with the aim of
attracting both musicians and non-musicians and thus having a heterogeneous, large
and international participant pool (see Honing & Ladinig, 2008 and Honing & Reips,
2008 for a review of the benefits of this strategy). The experiment was advertised
through social media (Facebook, LinkedIn) and on many mailing lists of different
universities around the world. As an incentive, two €35 gift cards to Amazon.com
were offered in a draw for all participants who left their email addresses in their
responses for this purpose. The total number of respondents was 289, out of which
281 were considered valid for further statistical analysis. Eight sets of answers were
excluded based on reports of technical problems (some chords did not play because of
server issues) and due to obvious misunderstandings of instructions in the musical
sophistication questionnaire. Of the remaining 281 participants 12 extreme outliers
were removed (described in more detail in the Results), making the final number of
participants 269.

In total, 29 different nationalities were represented in the final participant
pool. The biggest nationality groups were Finland (47.2%), the USA (17.8%) and New
Zealand (8.2%). The participants were aged 17-71 years (mean = 30.1, SD = 12.8,

56.1% females). Sixty-eight percent of the participants were between 17 and 29 years
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of age. Seventy-two percent of the participants reported having a university degree,
making the participant pool very highly educated on average. The participants’
musical sophistication was measured with the Ollen Musical Sophistication Index
(Ollen, 2006), a ten-item questionnaire yielding a score for every participants' musical
sophistication between 0 and 999 (mean 424.5, SD = 326.3). The participants were
divided into four musical sophistication groups according to their OMSI scores, the
score of 500 being the threshhold between a musician and a non-musician (see Marcs
Auditory Laboratories, Internet 2). Non-musicians were divided into lower (OMSI
score < 250, N=116) and higher (250 < OMSI score < 500, N=54) groups respectively.
The musicians were also divided into lower (500 < OMSI score < 750, N=35) and

higher (OMSI score = 750, N=64) groups respectively.

Stimuli

The chord material consisted of triads and seventh chords with inversions based on
the root of C (middle C) without transpositions. The triad chords were those of C
major (C), C minor (Cm), C diminished (C°) and C augmented (C+). C major and C

minor were played in their root positions and in their 1stand 2"dinversions
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respectively. Diminished (C°) and augmented (C+) triads were played only in their
root positions as the augmented triad is the same chord regardless of its inversion,
and the diminished triad’s inversions were not anticipated to offer unique
contributions to the parent chord’s emotional impact. The seventh chords were those
of C dominant seventh (C7), C minor seventh (Cm7) and C major seventh (Cmaj7), all
played in their root positions and in their 3rd inversions respectively. The reason for
choosing the 3rdinversion in addition to the root position was that in these two
positions the seventh note is either the lowest under the root (31 inversion) or the
uppermost above the triad. These two extreme positions were anticipated to yield the
most notable differences in the actual emotion perception. The minor major seventh
chord (Cmmaj7) was not included in the experiment to keep the total number of
chords relatively low and to avoid making the experiment too long for the
participants. Thus, the stimuli were 14 chords in total (Figure 1) played with two
different timbres (piano and strings), making the total sum of chords 28. All chords
were exactly 4.0 seconds in duration and played in equal temperament. All the chords
were based on identical MIDI representations which were created as audio files using
the following high-quality sample libraries; the piano chords were generated with Pro

Tools HD 10, using a Virtual Instrument plug-in (lvory) for piano sounds. The applied
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sound was Bosendorfer Imperial 10 with some slight ambience reverb added to the
chord samples to make them sound more natural. The string chords were generated
with the Vienna Symphonic Library musical instrument samples using the Chamber
Strings sound and were also treated with a touch of reverb. The attack, articulation
and reverb values of the chords were kept as neutral as possible to keep the
participants’ attention exclusively on the emotion perception. The stimuli can be

found online at https://www.jyu.fi/music/research/coe/materials/emotion/chords

<INSERT FIGURE 1 ABOUT HERE>

Procedure

The Web-based chord evaluation application was programmed with JavaScript and
was available exclusively in English. The application was made specifically for the
purpose of the current experiment and was accessible online between 9/12/2012 and
10/15/2012. It was programmed to gather the participants’ demographic background
information (gender, nationality, age, education). The application made sure that

every question was answered before letting the participant move on to the next page.

11



EMOTIONS CONVEYED BY CHORDS

After gathering the demographic information the affective mood of the
participants was measured with the Positive and Negative Affect Schedule-
measurement (PANAS; Watson, Clark & Tellegen, 1988). The PANAS measurement is a
tool used the measure the participants’ positive and negative affects by using 5
positive and 5 negative adjectives. The participants were asked to rate each adjective
on ascale from 1 to 5 (1 = very slightly or not atall, 2 = a little, 3 = moderately, 4 =
quite a bit, 5 = extremely). After taking the PANAS measurement the participants were
allowed to start the chord evaluation phase. The participants received the following
instructions: “Listen to each chord as many times as you like before evaluating it.
What are the emotional connotations that the chords seem to convey? Rate each chord
on the given psychological dimensions. If you are not sure about the meaning of a
dimension, just drag your mouse on it and an explanation will show.”

The participants were asked to rate each chord on the presented 9-item scale
before proceeding to the next chord (Appendix). The first three bipolar dimensions
were rated on a Likert scale ranging from 1 to 5. With “valence” the bipolar extremes
were 1 = negative, 5 = positive. With “tension” the extremes were 1 = relaxed, 5 = tense,
and with “energy” the extremes were 1 = low, 5 = high. The six unipolar dimensions

were rated on a Likert scale ranging from 1 to 5 (1 = very slightly or notat all, 2 = a

12
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little, 3 = moderately, 4 = quite a bit, 5 = extremely). The participants were given the
chance to listen each chord as many times as they preferred. The ordering of the
chords was randomized for each participant. The random ordering may have yielded
tonal relationships between some chords, but the participants were specifically

instructed to listen to each chord as a separate entity.

Results

All extreme outliers (over + 2.5 SD's, 3 in total) in the dimension aggregations and
PANAS measurements (over = 3.0 SD's on any single PANAS adjective, 9 overall) were
removed from the participant pool. This resulted in removal of 12 participants’
responses and made the final number of valid cases 269. For statistical analysis, nine
different scales were constructed by aggregating all the 28 chord ratings of each
participant on each of the nine dimensions. The rating scales' internal consistency was
measured with Cronbach’s alpha (range .76 - .92, see Table 1 for details). It is
noteworthy how such reduced stimuli as single isolated chords yielded such high
internal consistency: the obtained Cronbach’s alphas are comparable to previous
empirical studies on music and emotions where complete musical excerpts were used

as stimuli (Eerola & Vuoskoski, 2011; Zentner et al., 2008). Correlations between the

13
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nine variables were calculated (Table 1). The strongest correlations were found
between the dimensions of melancholy/sadness and nostalgia/longing (.74), and
between happiness/joy and valence (.56). However, none of the dimensions
demonstrated complete overlap with each other and most correlations were in line
with past research using complete excerpts with a noteworthy exception of valence
and energy (.48), which have not been correlated in past studies (Eerola & Vuoskoski,
2011).

<INSERT TABLE 1 ABOUT HERE>

Our subsequent analysis framework used repeated measures ANOVA. For each
emotion dimension, we carried out two main analyses (firstly overall analysis of chord
type and timbre and then more precise analysis of chord qualities). These were
followed by three analyses of background variables (nationality, gender, and musical
sophistication). To guard against inflated familywise error rates associated
withmultiple testing, we utilized Bonferroni corrections for the five subsequent
analyses of each dimension. Moreover, any post-hoc analyses within the main
analyses also employed Bonferroni corrections. Since the design in some of the cases

was not balanced (there were different quantities of observations across chord

14
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inversions depending on the chord quality, e.g. triads and seventh chords), the
Greenhouse-Geisser adjustment was also utilized to control for the violations in

sphericity.

The effect of musical factors on the chord evaluations

To estimate whether the emotion ratings across the chords and timbre differed
statistically, a two-way repeated-measures analysis of variance was carried out for
each emotion dimension with the Chord Type and Timbre (Piano and Strings) as the
two within-subject factors. Chord Type consisted of the seven main categories of
chords in which the inversions were collapsed into the main types of chords. This
analysis yielded robust main effects of Chord Type for all dimensions (see Table 2 and
Figure 2) and significant main effects of timbre for several albeit not all emotion
dimensions. In all cases, except for Liking, there was also a weak interaction between
the factors. The summary of the analysis of variance (Table 2) reveals that for valence,
happiness, and melancholy, the differences in emotion ratings across the Chord Types
were strikingly large (i.e. effect sizes above .25). Interestingly, the timbre differences

across the emotion dimensions were rather selective exhibiting the largest differences
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in nostalgia/longing, melancholy/sadness, tenderness, and happiness/joy. Next we take

a closer look at the separate factors across rated dimensions.

<INSERT TABLE 2 ABOUT HERE>

<INSERT FIGURE 2 ABOUT HERE>

Chord Type. The main effects of the Chord Types across the emotion dimensions
provide an interesting pattern of results. If we look at the effects of Chord Type
(aggregated over timbre and disregarding those scales that displayed marginal effect
sizes [n2<.05]), the perceived valence was the highest for the major triad with a mean
of 4.04 (SD = 0.61), and the lowest for the diminished triad with a mean of 2.09 (SD =
0.80). The latter was very close to the augmented triad’s mean of 2.11 (SD =0.76). To
simplify the reporting of the large number of post-hoc comparisons, we report the
Bonferroni adjusted values for p<.05 level for each dimension which enables the
reader to assess the differences between the levels of the Chord Type. In valence, post-
hoc tests separated major, minor, diminished/augmented, and seventh chords but

failed to separate diminished/augmented and seventh chords from each other.

16
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Perceived tension was highest for the augmented triad (M=3.99, SD = 0.80), the second
highest for the diminished triad (M=3.79, SD = 0.78) and the third highest for the
dominant seventh (M=3.46, SD = 0.61). The lowest mean rating of tension was for the
major triad (M=2.61, SD = 0.79); the differences between the triads were
allstatistically significant. Perceived nostalgia/longing was highest for the minor triad
(M=2.90, SD = 0.77), statistically on the same level as the major seventh (M=2.89, SD =
0.82) and the minor seventh (M=2.84, SD = 0.77). The lowest mean rating on the
dimension of nostalgia/longing was for the major triad with 2.03 (SD = 0.73). The
perceived melancholy/sadness was highest for the minor triad with a mean of 3.44 (SD
0.77), followed by the diminished triad (M=3.07, SD = 0.98) and the augmented triad
(M=3.03, SD = 1.00). The lowest melancholy/sadness mean rating was for the major
triad with a mean of 1.60 (SD = 0.62). The perceived happiness/joy was highest for the
major triad, with a mean rating of 3.36 (SD = 0.81) followed by the dominant seventh,
considerably lower at M=2.34 (SD = 0.80). The lowest happiness/joy mean rating was
for the augmented triad ((M=1.37, SD = 0.53), all showing differences larger than the
post-hoc cut-off values. The perceived tenderness was highest for the minor
seventh((M=2.63 (SD = 0.82) followed by the major seventh (M=2.52, SD = 0.84). The

lowest mean rating of tenderness was for the augmented triad (M=1.80, SD = 0.78).

17
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Timbre. The most prominent differences of timbre in emotion dimension ratings
were found in the dimensions of nostalgia/longing and sadness/melancholy, where the
strings timbre had significantly higher mean ratings than the piano. Significant
difference of timbre was observed in nostalgia/longing (F[268] = 99.9, p < .005,
n?=.04 where the strings (M=2.74, SD = 0.60) obtained higher ratings than piano
(M=2.33, SD = 0.68). On the dimension of melancholy/sadness the difference was also
clear: 2.76 (SD = 0.65) vs. 2.43 (SD = 0.55), F(268) = 74.7,p < .001,n%2=.02. The
strings also scored higher on the dimension of tenderness: 2.48 (SD = 0.66) vs.2.23
(SD =.60), F(268) =57.9, p < .001, n?=.02. Respectively, the piano timbre had
significantly higher mean ratings on the dimension of happiness/joy: 2.29 (SD = 0.49)
vs. 2.12 (SD = 0.48),F(268) = 29.1, p < .01, n?= .01. To summarize, timbre was
indisputably affecting the emotional connotations of the chords in 7 out of the 9
emotion scales. Energy and tension were the only emotion scales which did not exhibit

a statistically significant effect of timbre in the ANOVA.

Inversions. The role of inversions for emotion ratings was compared with separate

repeated ANOVAs since the inversions were incomplete across the Chord Types

18
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(major and minor triads having two inversions, seventh chords having one, and
augmented and diminished triads having no inversions at all). After discarding the
data concerning augmented and diminished chords, a two-way ANOVA examined the
Inversion (root or any inversion) and Chord Type (triad or seventh) for each emotion
dimension, which resulted in significant main effects of Inversion for valence, energy,
tension, interest/expectancy and happiness/joy (see Table 3). Moreover, all emotion
dimensions exhibited significant interaction between Inversion and Chord Type,
suggesting that the inversion made a particularly strong contribution to the ratings in
major and minor triads. To clarify this relationship, we provide a visualization of the
inversions for triads for selected dimensions (valence, energy and tension, see Figure
3). These three dimensions are the ones frequently featured in past emotion studies

but also contain strong interactions between Inversions and Chord Types.

<INSERT TABLE 3 ABOUT HERE>

As we can see, with the major triad the tendency was that valence, tension, and energy

all exhibited a pattern of increasing ratings from root through 1st inversion to 2nd

inversion on both timbres (see Figure 3 for p-values of contrasts between the

19
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inversions within the chords). For example, the major triad’s valence mean ratings
increased from the root position (M=3.91, SD = 0.92), through the 1stinversion
(M=4.22,SD = 0.78) to the 2" inversion (M=4.32, SD = 0.82). A similar pattern also
occurred for interest/expectancy and happiness/joy. This tendency was the same with
the minor triad, but the effect was much weaker as can be seen from the valence
means: root position M=2.41 (SD = 0.94), 1stinversion M=2.59 (SD = 0.98) and 2nd
inversion M=2.62 (SD = 1.1). Curiously, with both major and minor triads the
liking/preference ratings also increased according to this same pattern. The possible
explanations of the differences in mean ratings due to inversions will be elaborated on

in the discussion section.

<INSERT FIGURE 3 ABOUT HERE>

The effect of background factors on the chord evaluation

Demographic background. Independent t-tests were used to investigate the
differences in mean ratings according to different demographic background factors

(gender, age, nationality and education). Of the different background factors gender,

20
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nationality and musical sophistication affected the mean ratings of the chords the
most. Education and age did not exhibit any significant differences across the emotion
ratings. Females perceived significantly more nostalgia/longing (M = 2.63, SD = 0.54
vs.M =241,SD = 0.57); t(267)=-3.20, p = .01 (Bonferroni adjusted), Cohen’s d = .39,
and more melancholy/sadness (2.68, SD = 0.50 vs. 2.48, SD = 0.55); t(267)=-3.24,p =
005, Cohen’s d = 40, than males. The two biggest nationality groups’ (US and Finland)
mean ratings were compared to other nationalities’ mean ratings. US citizens
perceived less nostalgia/longing (2.35, SD = 0.50 vs. 2.57, SD = 0.57); t(267)=2.47,p =
0.07, Cohen’s d = 0.41, although the trend was not statistically significant and less
melancholy/sadness (2.28, SD = 0.44 vs. 2.66, SD = 0.53); t(267)=4.70, p < .005,
Cohen’s d = 0.79, than other nationalities. Respectively, Finnish citizens perceived
more melancholy/sadness (2.70, SD = 0.50 vs. 2.50, SD = 0.54); t=-3.20, p = .01,

Cohen’s d = 0.39 than other nationalities.

Prevailing mood. The effect of prevailing mood on the chord evaluation was

measured with bivariate correlations. The 10 PANAS adjectives were reduced into
two scales: positive and negative mood. The positive scale consisted of the five

positive adjectives (a = .80), the negative scale of the five negative adjectives (a =.70).
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The positive scale correlated most saliently with the dimensions of energy, r(267) =
18, p =.003, interest/expectancy, r(267) = .18, p <.001, and liking/preference, r(267) =
17, p =.004. The negative scale correlated most saliently with tenderness, r = .17(267),

p =.007.

Musical sophistication.

A one-way ANOVA was conducted between the musical sophistication groups
to compare the mean ratings of chords on the nine different dimensions. There were
statistically significant differences between the four groups only on the dimensions of
interest/expectancy, F (3, 265) = 4.53, p = .02 (Bonferroni adj.), n* = .05 and
liking/preference, F (3, 265) = 5.74, p = .005(Bonferroni adj.), n* = .06. Post hoc
comparisons (Tukey) between the musical sophistication groups revealed that
musicians (higher) perceived more interest/expectancy, p = .01, and gave higher mean
ratings for liking/preference, p < .005.

On a broad level the difference of ratings between the groups differing in
musical sophistication was quite small, only concerning interest/expectancy and
liking/preference, and not the main emotion rating scales. Also the effect sizes

revealed the relative insignificance of these differences. Still, participants with higher
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levels of musical sophistication evaluated the chords more consistently at the
extremes of the scales, according to musical conventions (Figure 4). For example, as
we can see, musicians rated the major seventh chord as having more tension and the
mayjor triad as having less tension when compared to the ratings of non-musicians. To
elaborate on the differences on each dimension in the mean ratings of the seven
different chord categories (major triad, minor triad, diminished triad, augmented
triad, dominant seventh, minor seventh, major seventh) a one-way ANOVA was
conducted. Each chord category contained all the mean ratings for all the chord
positions (both root positions and inversions) played with both timbres. The most
significant differences in effect sizes were found on the dimensions of tension in the
augmented triad chord, F (3, 265) = 9.50, p <.005 (Bonferroni adjusted), n2 = .10, and
interest/expectancy in the augmented triad, F (3, 265) = 9.75, p <.005, n2=.10, and the
dominant seventh chord, F (3, 265) = 13.34, p <.005, n2 = .13. A post hoc analysis
(Tukey) revealed that musicians (higher) gave statistically higher (p =.005) mean

ratings for these chords than non-musicians (lower).

<INSERT FIGURE 4 ABOUT HERE>
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Acoustic properties of the chords. As can be seen from the results obtained from
our data, the difference in emotional characterizations of single chords is tangible.
One can ask where do such clear differences stem from? Although some assume these
emotional characterizations to be culturally learned (e.g., Lundin, 1947; Cazden,
1980), others have posited that they are directly linked to psychoacoustic properties
(e.g., Helmholtz, 1895/1980; Terhardt, 1974) whilst intermediate positions have also
been proposed (Crowder, 1984; Juslin & Scherer, 2005; Cook & Fujisawa, 2006).
Tramo et al. (2001) suggest that in isolated chords the consonance/dissonance
perception appears at peripheral levels of the auditory system, suggesting that
sensitivity to sensory consonance and dissonance develops very early in life (e.g.,
Zentner & Kagan, 1996; Trainor etal., 2002). To explore whether the acoustic
properties of the chords contribute to the ratings of chords in the present study, we
extracted a set of core features implicated in past studies of timbre and emotions
(Eerolaetal, 2012), namely roughness, brightness, irregularity, spectral flux and log
attack time from all stimuli using MIR toolbox (version 1.5, Lartillot & Toiviainen,
2007). The roughness estimation used the psychoacoustic model by Vassilakis (2001),
brightness was calculated as the balance between high and low frequency spectral

energy (cut-off set to 1000Hz), and irregularity quantified the variation of the
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successive peaks in the spectrum using Jensen’s algorithm (1999). Spectral flux was
computed by calculating the Euclidean distance between successive frames and,
finally, the log attack time was simply estimated from the onset of shape (from the
valley to peak time, see Krimphoff et al., 1994). For the first four measures, the
analysis frame was 42ms in duration with 50% frame overlap. Interestingly, the
acoustic properties of the chords did not correlate with the majority of the
dimensions. The only exceptions were nostalgia and tenderness, which exhibited
significant correlations with brightness (r=.46 and .42), roughness (r=.50 and .38),
flux (r=.54 and .48), and attack time (r=.50 and .42, for all df=26, p<.05), respectively.
Of course, here the range of variation of the features is narrow due to construction of
the stimuli, and the number of stimuli for this kind of correlational approach is
limited. Nevertheless, these analyses suggest an interpretation similar to that of
Tramo et al. (2001) and Parncutt (1989): that for chords, the pure acoustic
explanation may not adequately account for their emotional characteristics since the
ratings of the stimuli were frequently not correlated with the acoustic properties of

the stimuli. Thus, the whole indeed seems different from the sum of its parts.

Discussion
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This study aimed to investigate how single chords convey emotional qualities to
listeners. Participants rated single chords (triads and seventh chords with inversions
played on two distinct timbres) on a 9-item emotion scale, the results demonstrating
that single chords indeed convey distinct emotional qualities to both musicians and
non-musicians.

All emotion dimensions exhibited significant interactions between Chord Type
and Inversion, suggesting that the inversions affect chords’ emotional qualities,
especially with triad chords. According to Paul Nordoff, with respect to triads, "the
inversions arouse expectation, so that actually there is an element of tension in an
inversion that does not exist in the chord in the root position. The inversions point,
they lead. They have a direction™ (as cited in Robbins & Robbins, 1998, p. 54). Our
data suggests that this is indeed the case: with both major and minor triads, tension,
energy and interest/expectancy all exhibited pattern of increase from root, through 1st
inversion to 2 inversion with both piano and string timbres. However, this effect
may also be due to the fact that the chords were simply played in a higher register in
their 1stand 2nd inversions than in their root positions, with the seventh chords’
slightly higher values for the root positions than their 31 inversions also implying that

the higher register yields more perceived tension and energy (for similar observations,
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see llie & Thompson, 2006; Costa et al., 2000). Still, with the major triad there is an
interesting analogy with the chord’s 2nd inversion’s position and the harmonic series:
the pitches that constitute the major triad’s second inversion (G-C-E) are actually in
the same order as the 319, 4t and 5t partials of the harmonic series following the 1st
and 2" partials (the root across two octaves). The major third's positive valence is
usually seen emerging from its early presence in the harmonic series (e.g., Helmholtz,
1895/1980; Cooke 1959), though for example Ball (2010, p. 68) challenges this view
by taking notice of the fact that “the overtones become rapidly weaker after the first
one or two, and so it isn’t clear that the major third will register strongly enough in
most of the sounds we hear to be perceived as a ‘special’ interval in relation to a tonic
note”. Nonetheless, the positive valence of the major triad’s 2nd inversion is tangible,
and the harmonic series might affect this connotation in addition to the higher
register of the chord position. Also of interest is how the major triad’s 2nd inversion is
actually the only position of the chord not containing the minor third.

According to our data there was a prominent difference in the emotion
perception for the chords depending which timbre they were played with. The strings
scored significantly higher on the dimensions of nostalgia/longing,

melancholy/sadness and tenderness while the piano scored higher on the dimension of
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happiness/joy, echoing the results obtained with emotion ratings of isolated
instrument examples (Eerola et al. 2012). The strings’ highly emotional quality may be
due to effective emotional contagion. According to Juslin & Vastfjall (2008) the voice-
like aspects of music (for example, the timbre of the violin) are very effective at
expressing emotions to listeners, leading the listener to mimic the perceived emotion
internally.

On the basis of our results musicians and non-musicians perceived the chords’
emotional qualities quite similarly on a broad level. Curiously, the effect of musical
sophistication on single chord perception is not nearly as conspicuous as it is on, for
example, the perception of tension in short chord sequences (Bigand et al., 1996) or
on the perception of emotions conveyed by speech prosody (Thompson et al., 2004).
Our results are thus in line with the findings of Pallesen et al. (2005) who point out
that musicians and non-musicians do not differ in their neural responses to single
musical chords. They also propose that musicians’ ability to recognize and categorize
chords in terms of conventional emotional connotations does not necessarily result in
an effective enhanced emotional experience. Concerning differences related to the
background variables, nationality exhibited relatively few and minor differences in

emotions (nostalgia/longing and melancholy/sadness). These emotions are perhaps
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the most culturally loaded terms among the used emotion dimensions (Hepper etal.,
in press).

According to Meyer (1956, p. 267) "communicative behavior tends to become
conventionalised for the sake of more efficient communication, so the musical
communication of moods and sentiments tends to become standardized”. On the basis
of our results this effect is prominent with common triads: the affective connotation of,
for example, the classic major/happy minor/sad distinction is indisputable. The major
triad was regarded as “happy/joyful” and the minor triad as “melancholic/sad”,
corroborating the findings of Crowder (1984, 1985), Kastner & Crowder (1990),
Pallesen et al. (2005) and McDermott at al. (2010).

More formalized explanations for the emotional connotations of the chords
have also been offered. For instance, Meyer (1956, p. 164) surmises that the effect of
different distances between intervals creates distinct emotional qualities. According
to him, augmented and diminished triads produce ambiguity, which is felt as “intense
emotion, apprehension, and anxiety” because of the “intervallic equidistance” of the
chords, i.e. even spacing between the tones within the chord. In the present findings,
equidistant triads (diminished and augmented) seem to be compatible with Meyer’s

view since they exhibited the highest ratings of tension and the lowest ratings for
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valence, happiness, tenderness, and liking. Concerning the emotional effects of seventh
chords, Cooke (1959) has linked the major seventh to connotations of
nostalgia/longing. Although his notion is rooted in tonality (and therefore pertinent to
horizontal harmony), the present findings support the notion even though the tonal
context is largely absent: the major seventh was rated as the most nostalgic chord
alongside the minor triad.

As the minor seventh and the major seventh were, all in all, the most preferred
chords, it is interesting to observe these chords’ relationship to the question of
consonance/dissonance. While in the current experiment we did not measure
perceived consonance/dissonance, previous research makes a clear distinction
between the “dissonant” seventh chords and the “consonant” major and minor triads.
For example Révész (1954, p. 80) proposes that “...from a musical aspect there is
absolutely no justification for according the minor seventh the same degree of
consonance as the major and minor triads.” Even though there is indisputable
semantic overlap of consonant and pleasant (Tramo et al., 2001), more perceived
consonance does not automatically result in more preference for single chords, a

finding that calls for further research.
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A possible drawback with the predetermined dimensions used in the
experiment is that the given choices might have influenced the participants to respond
along the provided categories and that the interpretation of the terms provided might
vary considerably across populations, though this drawback is common to all
methodologies relying on verbal methods (Zentner & Eerola, 2010). In regard to the
suitability of the given dimensions to actual chord evaluation, an interesting tendency
is that the dimension of happiness/joy received surprisingly low mean ratings and was
used mainly for the major triad. Also the dimension of tenderness received quite low
mean ratings in aggregate, suggesting that this dimension is not very apposite with
respect to vertical harmony perception. On the basis of the responses, "positive
valence” seems to describe the emotional quality conveyed by single chords more
accurately than the dimension of happiness/joy.

A possible limitation to the current study was the lack of control due to the
Web-based design. While with a Web-based approach control of participants is
definitely not as rigid as with a Lab-based approach, Goslin et al. (2004) and Honing &
Ladinig (2008) have pointed out many advantages in Web-based studies. These
include, for instance, demographic diversity and the possibility of reaching a large

number of intrinsically motivated respondents, positively influencing the ecological
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validity of the results by allowing respondents to take part in the experiment from
their home - an arguably more natural environment than the classic laboratory setup.
As the experiment was conducted exclusively in English, there is the possibility of
different interpretations of the emotion dimensions among the different nationalities.
However, those who ended up taking the experiment arguably had a high level of
English proficiency, as the instructions in the beginning of the test were in English.
Each emotion dimension’s meaning was also meticulously explained in the
experiment.

In actual music, different chords can create different affects depending on
musical context and subjectivity plays a significant role in music perception. However,
on the basis of our data, this does not mean that there are no underlying similarities to
be found in regard to emotion perception, even within a highly heterogeneous pool of
respondents. Our results demonstrated that there are indeed clear similarities in
emotion perception of single isolated chords among a vast number of individuals with
diverse demographic backgrounds. Further studies should address the issue of
isolating the effects that yield these underlying similarities, and further disentangle
nuances in how vertical harmony conveys distinct emotional qualities to listeners - for

example, the fascinating phenomenon of vertical harmony being able to convey the
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complex and mixed emotion of nostalgia/longing. Also, the significant differences
found with just two different timbres suggest a need for more research on the effect of
timbre on chord perception, as does the obvious effect of inversions. Finally, we
suggest that brain/neurological studies could take into account the notable diversity

of emotional qualities that even single chords are able to convey.

Acknowledgments

We would like to thank Taneli Krouvi and llkka Pale for their invaluable help with
programming the Web-based experiment; Stephan Thomas Vitas for advisory reading
and constructive remarks; Mikko Leimu for quick and reliable assistance with creating
the sound stimuli; L&szl6 Staché and Harri Wessman for technical suggestions and
enlightening discussions while planning the experiment; Roberto Gradini, Giovanni
Grosskopf, Richard Parncutt and Ruth Round for references/general discussion;
Kenneth Kragh Jensen, Gerardo Taylo, Berenice Christin Terwey and ismet Emre Yiicel

for distributing the online experiment; and Jaakko Nuorva for advice on thestatistics.

References
Aldwell, E., & Schachter, C. (1989). Harmony and voice leading. New York: Harcourt

Brace Jovanovich.

33



EMOTIONS CONVEYED BY CHORDS

Ball, P. (2010). The Music Instinct: How music works and why we can't do without it.
Oxford: Oxford University Press.

Bidelman, G., & Krishnan A. (2011). Brainstem correlates of behavioral and
compositional preferences of musical harmony. Neuroreport, 22(5), 212-216.

Bigand, E., Parncutt, R., & Lerdahl, J. (1996). Perception of musical tension in short
chord sequences: the influence of harmonic function, sensory dissonance,
horizontal motion, and musical training. Perception & Psychophysics, 58, 125-
141.

Bregman, A. S. (1990). Auditory scene analysis: The perceptual organization of sound.
Cambridge, MA: MIT Press.

Cazden, N. (1980). The definition of consonance and dissonance. International Review
of the Aesthetics and Sociology of Music, 11(2), 123-168.

Cook, N. D. (1999). Explaining harmony: the roles of interval dissonance and chordal
tension. Annals of the New York Academy of Science 930, 382-385.

Cook, N.D, & Fujisawa, T. X. (2006). The psychophysics of harmony perception:
Harmony is a three tone phenomenon. Empirical Musicology Review, 1(2),
106-126.

Cooke, D. (1959). The Language of Music. Oxford: Oxford University Press.

34



EMOTIONS CONVEYED BY CHORDS

Costa, M., Bitti, P., & Bonfiglioli, L. (2000). Psychological connotations of harmonic
musical intervals. Psychology of Music, 28, 4-22.

Crowder, R. (1984). Perception of the major/minor distinction: I. Historical and
theoretical foundations. Psychomusicology, 4, 3-10.

Crowder, R. (1985). Perception of the major/minor distinction: 1. Hedonic, musical,
and affective discriminations. Bulletin of the Psychonomic Society, 23, 314-316.

Davies, S. (2010). Emotions Expressed and Aroused by Music: Philosophical
Perspectives. In Juslin, P. & Sloboda, J. (Eds). Handbook of music and emotion:
Theory, research, applications (pp. 15-43). Oxford: Oxford University Press.

Eerola, T., Ferrer,R., & Alluri, V. (2012). Timbre and Affect Dimensions: Evidence from
Affect and Similarity Ratings and Acoustic Correlates of Isolated Instrument
Sounds. Music Perception: An Interdisciplinary Journal, 30(1), 49-70.

Eerola, T., & Vuoskoski, J. K. (2011). A comparison of the discrete and dimensional
models of emotion in music. Psychology of Music, 29(1), 18-49.

Frigyesi, J. (1998). Béla Bartdk and Turn of the Century Budapest. Berkeley, CA:

University of California Press.

35



EMOTIONS CONVEYED BY CHORDS

Gabrielsson, A, & Lindstrom, E. (2010). The role of structure in the musical expression
of emotions. In Juslin, P. and Sloboda, J. (Eds.), Handbook of music and emotion:
Theory, research, applications (pp. 393-414). Oxford: Oxford University Press.

Gagnon, L., & Peretz, I. (2003). Mode and tempo relative contributions to “happy - sad”
judgments in equitone melodies. Cognition and Emotion, 17(1), 25-40.

Goslin, S. D., Vazire, S, Srivastava, S., & John, O. P. (2004). Should we trust web-based
studies? A comparative analysis of six preconceptions about internet
guestionnaires. American Psychologist, 59(2), 93-104.

Grewe, O., Nagel, F., Kopiez, R., & Altenmdller E. (2007). Listening to music as a
recreative process: physiological, psychological, and psychoacoustical
correlates of chills and strong emotions. Music Perception, 24(3), 297-314.

Grewe, O., Kopiez, R., & Altenmdiller E. (2009). Chills as an indicator of individual
emotional peaks. Annals of the New York Academy of Sciences, 1169, 351-354.

Heinlein, C. P. (1928). The affective characteristics of the major and minor modes in
music. Journal of Comparative Psychology, 8(2), pp. 101-142.

Helmholtz, H. (1895/1980). On the sensations of tone as a physiological basis for

the theory of music. Translated by A. Ellis. New York: Dover.

36



EMOTIONS CONVEYED BY CHORDS

Hepper, E. G., Wildschut, T,, Sedikides, C., Ritchie, T, Yung, Y.-F., Hansen, N.,
Abakoumkin, G., Arikan, G., Cisek, S., Demassosso, B. D., Gebauer, J,, Gerber, J. P.,
Gonzales, R., Kusumi, T., Misra, G., Rusu, M., Ryan, O,, Stephan, E., Vingerhoets,
A., & Zhou, X. (in press). Pancultural nostalgia: Prototypical conceptions across
cultures. Emotion.

Hevner, K. (1936). Experimental Studies of the Elements of Expression in Music.
American Journal of Psychology, 48, 246-68.

Honing, H. (2011). Musical Cognition. A Science of Listening. New Brunswick, NJ:
Transaction Publishers.

Honing, H., & Ladinig, O. (2008). The Potential of the Internet for Music Perception
Research: A Comment on Lab-Based Versus Web-Based Studies. Empirical
Musicology Review, 3(1), 4-7.

Honing, H., & Reips, U.-D. (2008). Web-based versus lab-based studies: A response to
Kendall (2008). Empirical Musicology Review, 3(2), 73-77.

llie, G., & Thompson, W.F. (2006). A comparison of acoustic cues in music and speech
for three dimensions of affect. Music Perception, 23, 319-329.

Internet 1. Retrieved May 24, 2014, from

http://www.psyk.uu.se/digitalAssets/31/31192 Scale_15-item_ENG.pdf

37



EMOTIONS CONVEYED BY CHORDS

Internet 2. Retrieved May 24, 2014, from
http://marcs-survey.uws.edu.au/OMSI/omsi.php

Jensen, T. (1999). Timbre Models of Musical Sounds, Rapport 99/7, University of
Copenhagen.

Juslin, P., & Laukka, P. (2003). Communication of emotions in vocal expression and
music performance: Different channels, same code? Psychological Bulletin, 129,
770-814.

Juslin, P., & Laukka, P. (2004). Expression, Perception, and Induction of Musical
Emotions: A Review and a Questionnaire Study of Everyday Listening. Journal
of New Music Research, 33(3), 217-238.

Juslin, P., Liljestrom, S, Vastfjall, D., Barradas, G., & Silva, A. (2008). An experience
sampling study of emotional reactions to music: Listener, music, and situation.
Emotion, 8, 668-683.

Juslin, P., & Scherer, K. (2005). Vocal expression of affect. In Harrigan, J., Rosenthal, R. &
Scherer, K. (Eds.), The New Handbook of Methods in Nonverbal Behavior
Research (pp. 65-135). Oxford, MA: Oxford University Press.

Juslin, P., & Sloboda, J. (2010). Handbook of music and emotion: Theory, research, and

applications. Oxford: Oxford University Press.

38



EMOTIONS CONVEYED BY CHORDS

Juslin, P., & Sloboda, J. (2010). Introduction. Aims, organization, and terminology. In

Juslin, P. & Sloboda, J. (Eds). Handbook of music and emotion: Theory, research,

applications (pp. 3-12). Oxford: Oxford University Press.
Juslin, P, & Vastfjall, D. (2008). Emotional responses to music: The need to consider
underlying mechanisms. Behavioral and Brain Sciences, 31, 559-621.
Kastner, M., & Crowder, R. (1990). Perception of the major/minor distinction: IV.
Emotional connotations in young children. Music Perception, 8, 189-202.
Krantz, G., Merker, B., & Madison, G. (2004). Subjective reactions to musical intervals
assessed by rating scales. In Proceedings of The Eighth International Conference
on Music Perception and Cognition. Evanston, IL: North Western University.
Krimphoff, J., McAdams, S., & Winsberg, S. (1994), Caractérisation du timbre des sons

complexes. Il : Analyses acoustiques et quantification psychophysique. Journal

de Physique, 4(C5), 625-628.

Kuusi, T. (2009). Discrimination and evaluation of trichords. Music Theory Online,

15(5). Retrieved May 24, 2014, from

http://www.mtosmt.org/issues/mt0.09.15.5/mt0.09.15.5 .kuusi.html

39



EMOTIONS CONVEYED BY CHORDS

Kuusi, T. (2011). Kuulijoiden adjektiiviassosiaatiot soinnuista — sointujen
laatuominaisuuksia, kuulijoiden kokemuksia vai musiikkiin liittyvia
emootioita? Musiikki-lehti, 2, 63-93.

Lartillot, O., & Toiviainen, P. (2007). MIR in Matlab (11): A toolbox for musical feature
extraction from audio. In Proceedings of the 8th International Conference on
Music Information Retrieval, Vienna, AT, 2007 (pp. 237-244). Osterreichische
Computer Gesellschaft.

Lundin, R. (1947). Toward a cultural theory of consonance. Journal of Psychology, 23,
45-49.

Lundin, R. (1985). An objective psychology of music. Malabar, FL: Krieger.

Maher, T. (1980). A rigorous test of the proposition that musical intervals have
different psychological effects. American Journal of Psychology, 93, 309-327.

McDermott, J, Lehr, A., & Oxenham, A. (2010). Individual differences reveal the basis
of consonance. Current Biology 20, 1035-1041.

Meyer, L. B. (1956). Emotion and meaning in music. Chicago: The University of Chicago
Press.

Oelmann, H., & Laeng, B. (2009). The emotional meaning of harmonic intervals.

Cognitive Processing, 10(2), 113-131.

40



EMOTIONS CONVEYED BY CHORDS

Ollen, J. E. (2006). A criterion-related validity test of selected indicators of musical
sophistication using expert ratings. Ohio State University, PhD dissertation.
Retrieved May 24, 2014, from
http://rave.ohiolink.edu/etdc/view?acc_num=0su1161705351

Pallesen, K., Brattico, E., Bailey, C., Korvenoja, A., Koivisto, J., Gjedde, A., & Carlson, S.
(2005). Emotion processing of major, minor, and dissonant chords: a functional
magnetic resonance imaging study. Annals of the New York Academy of Sciences,
1060, 450-453.

Parncutt, R. (1989). Harmony: A psychoacoustical approach. Berlin: Springer-Verlag.

Peretz, I. (2010). Towards a neurobiology of musical emotions. In Juslin, P. & Sloboda,
J. (Eds). Handbook of music and emotion: Theory, research, applications (pp.
99-126). Oxford: Oxford University Press.

Rameau, J.-P. (1722/1971). Treatise on Harmony. Translated by P. Gossett. New York:
Dover Publications.

Révész, G. (1954). Introduction to the Psychology of Music. Translated by G. I. C. De
Courcy. Norman: University of Oklahoma Press.

Robbins, C. & Robbins, C. (1998). Healing heritage: Paul Nordoff exploring the tonal

language of music. Gilsum, NH: Barcelona Publishers.

41



EMOTIONS CONVEYED BY CHORDS

Roberts, L. (1986). Consonance judgments of musical chords by musicians and
untrained listeners. Acustica, 62, 163-171.

Schiffman, H. R. (2001). Sensation and perception: An integrated approach. New York:
Wiley.

Schimmack, U., & Grob, A. (2000). Dimensional models of core affect: A quantitative
comparison by means of structural equation modeling. European Journal of
Personality, 14, 325-345.

Sloboda, J. (1991). Music structure and emotional response: Some empirical findings.
Psychology of Music, 19, 110-120.

Terhardt, E. (1974). On the perception of periodic sound fluctuations (roughness).
Acustica, 30, 201-213.

Thompson, W., Schellenberg, E., & Husain, G. (2004). Decoding speech prosody: Do
music lessons help? Emotion, 4(1), 46-64.

Trainor, L., Tsang, C., & Cheung, V. (2002). Preference for sensory consonance in 2 -
and 4 - month old infants. Music Perception, 20, 187-194.

Tramo, M. J,, Cariani, P. A, Delgutte, B., & Braida, L. D. (2001). Neurobiological
foundations for the theory of harmony in western tonal music. Annals of the

New York Academy of Sciences, 930, 92-116.

42



EMOTIONS CONVEYED BY CHORDS

Vassilakis, P. N. (2001). Perceptual and Physical Properties of Amplitude Fluctuation
and their Musical Significance. Doctoral Dissertation. Los Angeles: University of
California, Los Angeles.

Watson, D., Clark, L., & Tellegen, A. (1988). Development and validation of brief
measures of positive and negative affect: The PANAS scale. Journal of
Personality and Social Psychology, 54, 1063-1070.

Webster, G. D., & Weir, C. G. (2005). Emotional responses to music: Interactive effects
of mode, texture, and tempo. Motivation and Emotion, 29, 19-39.

Zentner, M., & Eerola, T. (2010). Self-report measures and models of musical
emotions. In Juslin, P. & Sloboda, J. (Eds). Handbook of music and emotion:
Theory, research, applications (pp. 187-221). Oxford: Oxford University Press.

Zentner, M., Grandjean, D., & Scherer, K. (2008). Emotions evoked by the sound of
music: Characterization, classification, and measurement. Emotion, 8, 494-521.

Zentner, M., & Kagan, J. (1996). Perception of music by infants. Nature, 383, 29.

43



EMOTIONS CONVEYED BY CHORDS

Figure Captions

Figure 1. The chord stimuli.

Figure 2. Mean ratings of the nine emotion dimensions across Chord Types and

Instrument.

Figure 3. Mean ratings of the three emotion dimensions across Chord Types and

Inversions (root, 1stand 2 for triads, and root and 3rd for seventh chords).

Figure 4. Mean ratings of the three emotion dimensions across Chord Types and

Musical Sophistication.
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Appendix. Elaborate explanations of each dimension on the 9-item scale.

Bipolar dimensions

1. Valence. Is the chord conveying positive or negative feelings?
2. Tension. How tense do you think the chord is? Is it calm and relaxed or tense and
agitated?

3. Energy. Do you think the chord is strong and energetic or weak and feeble?

Unipolar dimensions

4. Nostalgia/longing. Is the chord conveying feelings of nostalgia, wistfulness, or
longing?

5. Melancholy/sadness. How much melancholy or sadness does the chord express?
6. Interest/expectancy. Is the chord sounding resolutive and definitive or is it
conveying feelings of interest and expectancy?

7. Happiness/joy. How much happiness or joy does the chord express?

8. Tenderness. Is the chord sounding tender and affectionate?
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9. Liking/preference. How much did you like the chord? Note that this is a purely
subjective question: for example, you may have liked the chord no matter how sad or

agitated it was.
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