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ABSTRACT

Background. In most studies on non-traditional chords the 
subjects have been asked to make similarity estimations. The 
idea that chords can be rated one by one on bipolar verbal scales 
comes from the semantic differential. Semantic differential has 
been applied to musical stimuli, but in only two studies semantic 
scales have been applied to non-traditional chords.

Aim. The present study aimed at examining the use of semantic 
scales for collecting ratings of pentachords. One aim was to 
analyze factors guiding subjects’ estimations of chords. Another 
aim was to examine the subjects’ consistency with themselves 
and with other subjects. Yet another aim was to examine the 
importance of the order of the test items. 

Method. A test was made in which 24 pentachords were rated 
on six semantic scales. From the data thus obtained, distances 
were calculated between chords, and the data of distances were 
analyzed by multidimensional scaling. The subjects’ consistency 
with themselves was examined in a control-chord test. The 
importance of the order of the chords was examined by dividing 
the subjects in three subgroups; each subgroup heard the chords 
in different order.

Results. The multidimensional scaling analysis revealed a three-
dimensional solution. The three dimensions were interpreted as 
‘consonance-dissonance’, ‘the lowest pitch’, and ‘the placement 
of the inner pitches’. The subjects’ consistency with themselves 
was found to be high. The order of the test items was not found 
to affect the ratings.

Conclusions. A clear connection was found between the factors 
found in the present study and those found in the similarity 
estimation studies. The explanatory results and the subjects’ high 
consistency with themselves indicated also that semantic scales 
are appropriate for measuring chords.

1. INTRODUCTION AND AIM

Studies using non-traditional chords are few in number. In most 
studies (Bruner, 1984; Gibson, 1986, 1988, 1993; Williamson 
and Mavromatis, 1997, 1999; Samplaski, 2000; Kuusi, 2001) 
the chords have been presented in pairs and the subjects have 
been asked to rate either the closeness (similarity) or distance 
(dissimilarity, difference) between the chords. The studies have 
mostly used trichords and tetrachords, but sometimes pentachords 
(Kuusi, 2001), hexachords (Williamson and Mavromatis, 1999), 
and chords with even a higher number of pitches (Gibson, 1988) 
have been used.

The idea that bipolar verbal scales can be used in rating objects 
comes from the semantic differential (Osgood, Suci, and 
Tannenbaum, 1957). Semantic scales break down the impression 
of each object into a number of separate verbal dimensions. 
Semantic differential has been applied to music stimuli (e.g. 
Nordenstreng, 1968; Costa, Bitti, and Bonfiglioli, 2000). 
However, non-traditional chords have been examined using 
semantic scales in only two studies. In her study de la Motte-
Haber (1971) asked the subjects to rate 8 trichords on 25 six-step 
scales, and Kuusi (2001) used 28 pentachords and 9 seven-step 
scales. In both studies the data obtained were factor analyzed, 
and the most important factor was interpreted as ‘consonance 
- dissonance’, the second one being ‘associations with chords 
familiar from tonal music’. 

The present study was designed to test further the use of semantic 
scales in collecting data of non-traditional chords. One aim was 
to analyze factors guiding subjects’ estimations of pentachords. 
Another aim was to test the effect of the order of the test items on 
the subjects’ ratings. Yet another aim was to test how consistently 
the subjects could rate the chords on the semantic scales. 

2. THE TESTING REGIME

Twenty-four pentachords were used in the study. All chords had 
the same span: the interval between the lowest and the highest 
pitch was the major ninth. The same span for all chords was 
selected because the chord span has been found to guide the 
subjects’ estimations of chords (see Samplaski 2000: 133-135, 
141, 146; Kuusi 2001: 144-145). 

The chords were first made using the Finale 2000 program. On 
the program the pitches of each chord were made to start and 
stop in perfect simultaneity by quantifying the note values. In 
addition, each pitch was given the same objective dynamic level. 
A grand piano sound Gigapiano from the Nemesys Gigastudio 
was used when the chord sounds were played.1 The piano sound 
was chosen because it was familiar to the subjects (musicians) 
and because it is possible to play block-chords on the piano.

The chords were recorded in three different orders to test the 
effect of the order of the test items on the subjects’ ratings. None 
of the orders was pre-determined; however, the same chord was 
never used in two adjacent items. Small changes in the lowest 
pitch of the chords were made to avoid the same outer pitches in 
two adjacent items. The lowest pitch used was either B3, C4, or 
C#4. The chords are given in Example 1.
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1  I would like to thank Mr. Teemu Ontero from the department 
of Music Technology, Sibelius Academy, for helping to prepare 
the sound data.
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Six bipolar semantic (verbal) scales were used in the test. The 
scales were ‘smooth - rough’, ‘light - gloomy’, ‘calm - irritable’, 
‘colourful - colourless’, ‘lush - barren’, and ‘clear - blurred’.2 The 
same characteristics were also used by Kuusi (2001) and de la 
Motte-Haber (1971) (except ‘colourful - colourless’ and ‘lush - 
barren’). Only six scales were used in the present study because 
with a greater number of scales the test would have lasted too 
long. The characteristics of the scales were selected so that they 
had relevance to chords (for example, scales like ‘true – false or 
‘fast – slow’ would not have had such relevance). Additionally, 
the characteristics were not fixed in Western music theory (like 
‘consonance – dissonance’ or ‘major – minor’).

Except the number of scales, the experimental design was equal 
to that used by Kuusi (2001): each scale had three different values 
for both opposite characteristics and value 0 in the middle of the 
scale, indicating that neither of the characteristics was dominant 
(see Example 2). As stated by Kuusi, it is likely that with this kind 
of a rating scale the subjects can easily associate the value 0 with 
the middle point of the scale, and neither of the characteristics at 
the ends of the scales is ‘higher’ or ‘lower’ (or ‘better’ or ‘worse’) 
than the other (Kuusi, 2001: 98-99). 

blurred 3 2 1 0 1 2 3 clear 

barren 3 2 1 0 1 2 3 lush

Example 2: Two bipolar rating scales used in the test.

The whole test consisted of 90 chords divided into three 30-chord 
blocks. Each block consisted of the 24 test chords and 6 control 
chords. During each block the subjects rated the chords on two 
scales, hence during the whole test the subjects rated all chords 
on six scales.

Three groups of subjects were tested. The tests were made in a 
normal classroom. The test items were played on a CD-player 
connected to loudspeakers. This simplified the data collection. 
Before the tests, some of the items were played to the subjects 
at random in order to familiarise the subjects with the material 
to be used and to accustom them to using the rating scales. The 
subjects also answered a questionnaire. Altogether the whole 
testing session lasted approximately 45 minutes.

Forty-four subjects completed the test. The subjects were not paid 
for participating. All were music students or teachers from the 
Sibelius Academy or from the Conservatory of Päijät-Häme. The 
average age of the subjects was 24.7 years, and on the average 
they had studied music for 15.3 years.

3. RESULTS

1.1. The Subjects’ Consistency with 
Themselves

The subjects’ consistency with themselves was examined by a 
control-chord test. The number of controls rated in the test was 
1584 (6 control chords, each rated on 6 scales by 44 subjects; 
6*6*44 = 1584). Within the whole data the difference between 
the two ratings of one chord on one scale was 2 points or less in 
approximately 87.5 % of the cases (while the minimum possible 
difference was 0 points and the maximum, 6 points). Hence, the 
consistency was found to be high.

The subjects’ consistency with themselves was also examined 
separately on each of the six scales. It seemed to be easy for the 
subjects to use the scales ‘calm - irritable’, ‘light - gloomy’, ‘clear 
- blurred’, and ‘smooth -rough’ because the subjects were able to 
rate the chords consistently with themselves and with the other 
subjects on these scales. There seemed to be some problems in 
the use of the scales ‘lush - barren’ and ‘colourful - colourless’. 
Yet neither of these scales can be called inadequate. Kuusi (2001: 
131-133) also made similar findings. 

1.2. The Effect of the Order of the Items and 
the Order of the Scales 

The effect of the order of the test items on the subjects’ ratings 
was also examined. As stated earlier, the chords were recorded 
in three different orders, and the subjects were tested in three 
subgroups. There were 14 subjects in the ‘item order 1’ subgroup 
and 15 in the ‘item order 2’ and ‘item order 3’ subgroups. 

The arithmetic means and standard deviations of the ratings in the 
three ‘item order’ subgroups were calculated separately for each 
scale and each chord. The significance of the differences between 
the means was analyzed by the t-test. As the subjects of the three 
subgroups were as equal as possible based on their backgrounds 

Example 1: The 24 test chords. In this example the chords are 
given on the same transpositional level as they were played to 
the subjects.

2 As the test was made in Finland, the original scales were in 
Finnish.
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(age, studies, listening habits), it was assumed that the differences 
were due to the order of the items.

The number of statistically significant differences was five 
(out of 72) on the scale ‘smooth – rough’ (see the image 
SMOOTH.gif; if the difference between the means is statistically 
significant, the means are circled). There were four statistically 
significant differences on the scale ‘clear – blurred’ (see the 
image CLEAR.gif), three on both the scale ‘lush – barren’ and 
the scale ‘colourful – colourless’ (see the images LUSH.gif and 
COLOURFUL.gif), and two on the scale ‘light-gloomy’ (see 
the image LIGHT.gif). There were no statistically significant 
differences on the scale ‘calm-irritable’ (see the image 
CALM.gif). Hence, it can be said that the order of the chords had 
very little effect on the ratings on the scales.

3.3. The Data Analyzed by Multidimensional 
Scaling

The single chord data were also analyzed in order to reveal 
the underlying factors guiding the estimations. The SPSS 10.0 
multidimensional scaling (MDS) algorithm (Alscal) was used. 
The 24 chords were the objects. The distances from each chord 
to every other chord were calculated using the Euclidean distance 
option. 

The goodness-of-fit measures for solutions with different 
numbers of dimensions seemed to suggest a three-dimensional 
solution because the stress values were less than 0.10 and they 
decreased only a little with the adjacent dimensions. For the three-
dimensional solution, the S-stress was 0.076, Kruskal’s stress was 
0.089, and the RSQ was 0.97 (for the three-dimensional solution, 
see the image MDS.gif) .

On Dimension 1, chord 1 had the most remote location at 
the positive end, and the next chords were 7, 5, 3, 4, and 2, 
respectively. At the negative end the chords with the most remote 
locations were 21, 22, 23, 24, 20, and 19, respectively (see the 
chords in Example 1). 

Chords 1, 2, 3, 4, 5, and 7 include dissonant intervals, like minor 
seconds and ninths, and major sevenths. Chords 22, 23, and 24, 
in turn, have no minor seconds or ninths, nor major sevenths or 
tritones, and there is only one tritone in chords 19, 20, and 21. 
Additionally, these six chords include major seconds or minor 
sevenths and perfect fourths or fifths, and they all have both the 
major and the minor chord as subchords (not necessarily between 
adjacent pitches); further, chords 19, 20, and 21 are dominant 
ninth chords in some form, hence, including the dominant 
seventh chord.

It seemed likely that the perceived character of the chords with 
many minor seconds or ninths and major sevenths was associated 
with dissonance. It also seemed likely that the perceived character 
of the chords with many perfect fourths or fifths, without minor 
seconds and with a familiar tonal chord as a subchord was 
associated with consonance. Hence, the dissonance values of the 
chords were calculated according to the Hutchinson and Knopoff 
(1978) model.3 

The dissonance values were compared with the coordinates of 
the chords along Dimension 1. The correlation was r = 0.90 (p < 
.001). This very high and statistically very significant correlation 
confirmed the interpretation of Dimension 1: dissonant chords 
were located at the positive end, while consonant chords were 
located at the negative end. 

On Dimension 2, the chords with the most remote location at the 
positive end were 12, 14, and 9, and the next three were 18, 15, 
and 2, respectively. At the negative end the chords with the most 
remote locations were 13, 16, 4, 3, and 24, respectively (see the 
chords in Example 1).

The examination of these chords showed that Dimension 2 could 
be explained by the lowest pitch (the register) of the chords, even 
though the variation in register was very small in the test. In five 
of the six chords with the highest positive coordinates the lowest 
pitch was C#4 (or Db4); in chord 14 the lowest pitch was C4. In all 
chords with the highest negative coordinates the lowest pitch was 
B3. The correlation between the lowest pitch of each chord and 
the chords’ coordinates along Dimension 2 indicated a rather high 
connection (r = 0.77, p < .001), confirming the interpretation.4

The chords at the ends of Dimension 3 were 10 (positive) and 
6 (negative). The next three chords at the positive end were 
13, 24, and 14, and those at the negative end were 8, 4, and 3, 
respectively. It seemed that the lowest interval was generally 
wider in chords at the positive end of this dimension than in 
chords at the negative end (the lowest interval was 6 semitones 
in chord 10, and 5 semitones in chords 13, 14 and 24; the lowest 
interval was 1 semitone in chord 3, 3 semitones in chords 4 and 
6, and 4 semitones in chord 8). The correlation between the 
lowest interval of each chord and the chords’ coordinates along 
Dimension 3 was r = 0.52 (p = .009), indicating that the width of 
the lowest interval indeed had some connection with the locations 
of the chords. 

Additionally, chords at the positive end seemed to have a minor 
second between two inner voices (chords 10, 13, and 14; the 
next two chords along this dimension, chords 9 and 12, also had 
the minor second inside the chord). The chords at the negative 
end (chords 3, 4, and 6), in turn, had the minor second between 
an inner voice and an outer voice. The exceptions were chords 
24 (without any minor seconds) and chord 8 (with negative 
coordinates and with a minor second inside the chord). Hence, 
Dimension 3 was interpreted by the arrangements of the pitches 
of the chords.

3 The Hutchinson and Knopoff model is based on the critical 
bandwidth experiments by Plomp & Levelt (1965). The 
model gives dissonance factors for complex-tone intervals. 
The factor for a certain interval is not a constant, but varies 
throughout the register (Hutchinson and Knopoff 1978: 9, 14). 
The dissonance value for each chord was calculated as the sum 
of the dissonance factors for its 10 intervals. The dissonance 
factors were from Hutchinson and Knopoff (1978: Appendix).

4 When this correlation was calculated, the lowest pitch of 
each chord was represented by a numeric value: value 0 was 
assigned to B3, value 1 to C4, and value 2 to C#4.
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4. CONCLUSIONS

The study has discussed the use of semantic scales for collecting 
ratings of non-traditional pentachords. The problem in using 
semantic scales is the slowness of the testing. Each item should 
be rated on each, preferably separate, scale. The higher the 
number of scales and the entities to be rated, the longer the test 
will last. Hence, the number of scales should be reduced in some 
reasonable way. In the study by Kuusi (2001) nine scales were 
used, and in the present study the number of scales was six. In 
both studies the data were used as raw data from which distances 
from every chord to every other chord were calculated, and the 
data of distances was analyzed by multidimensional scaling. 
Additionally, in the study by Kuusi (2001), the data were factor 
analyzed. Hence, it seems that the number of semantic scales does 
not need to be very high; the data for analyses can be collected 
even with a rather small number of scales provided that the scales 
are of different types. 

In de la Motte-Haber (1971), Kuusi (2001) as well as in the 
present study, the semantic scales seemed to be quite adequate for 
rating chords. The order of the test items did not seem to affect the 
subjects’ ratings, either. The subjects’ high level of consistency 
with themselves when they rated the control chords also suggests 
that the order was not very important in a test such as this. Nor did 
the order of the scales seem to affect the subjects’ ratings.

When the subjects’ ratings were analyzed by multidimensional 
scaling, a three-dimensional structure was revealed. The first 
dimension was explained by the degree of consonance of the 
chords (defined using the Hutchinson and Knopoff model) and 
the chords’ associations with some familiar chords. The other two 
dimensions were explained by characteristics of chordal setting: 
the second dimension was explained by the registral setting of the 
chord; and the third dimension, by the span of the lowest interval 
together with the placement of the minor second. 

In their studies de la Motte-Haber (1971), Bruner (1984), 
Williamson and Mavromatis (1997, 1999), Samplaski (2000), and 
Kuusi (2001) have shown that subjects use multiple simultaneous 
factors when they make estimations of non-traditional chords. 
Some of the factors mentioned in earlier studies (e.g. the degree 
of consonance, register, and the aspects of chordal setting) 
were the same as those found in this study. This was the case 
even though the earlier studies have mostly used trichords and 
tetrachords and even though the studies (except those of de la 
Motte-Haber and Kuusi) have been based on similarity ratings, 
not on ratings on semantic scales.

Hence, it can be said that semantic scales are quite appropriate 
for collecting subjects’ estimations of chords. As the data thus 
obtained can be analyzed in many ways, the testing as such is 
sufficient. However, a test using semantic scales can also easily 
be combined with another test in which the same chords are 
presented in pairs.
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