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Abstract: This paper describes the study of impressions of Minor music. The experiment employed two groups
of healthy people (one group has eight people and the other one has twenty-two) and one Minor music (“Requiem
(Mozart)”) as participants and test piece, respectively. The experiment data are collected using Visual Analog
Scale (VAS) measure and analyzed using box-and-whisker plot, univariate scatter plot and cluster analysis. All
participants listen to the Minor music individually. To investigate their impression of the Minor music, they
answer the questionnaire on VAS (7 questions: “Bright-Dark”, “Happy-Sad”, and so on) individually. The results
obtained from the two groups of participants are similar; they show that subjective evaluation values based on the
impression of the Minor music (“Sad”, “Dark”, and so on) have been obtained and visualized by the combination
of box-and-whisker plot and univariate scatter plot. The study result shows that the questions based on similar
impressions belong to the same cluster.
Keywords: Visual analog scale, Impression of one Minor music, Participants, Small samples, Box-and-whisker
Plot, Univariate scatter plot.
1.

Introduction

The purpose of this paper is the expression and comparison
of the experimental results for the impressions of Minor music using box-and-whisker plot, univariate scatter plot and
cluster analysis based on Visual Analog Scale (VAS) by two
groups of participants. To clarify the impression of the Minor music, experiment participants are asked to listen to the
Minor music, and they are also asked to answer the questionnaire about an impression of the Minor music by VAS.
To investigate under this condition, the authors focused
on four points of elements; (1) Selection of the Minor music, (2) Reasons why VAS was adopted for a questionnaire
about impression of the Minor music, (3) Analysis method
that enables the feature extraction with small samples, and
(4) Experiment participants. First of all, these backgrounds
are explained below.
(1) Selection of the Minor music: The eﬀects of music
listening to improve quality of life (QOL) for humans have
been, gradually, conﬁrmed and accepted by many people
[1]. However, factors of the eﬀects of listening to music
to improve QOL for humans are not clear. To solve this
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(b) VAS

Figure 1: Typical types of LS and VAS.

problem investigations about listening to various music are
important. Under such background and our previous study
[2], one Minor music (“Requiem (Mozart)”) is prepared for
this attempt.
(2) Reasons why VAS was adopted for a questionnaire
about the impression of the Minor music: Recently, studies
on the subjective evaluation (such as the impression of music) based on Likert Scale (LS, see Fig. 1a) [3] have been
conducted broadly. LS is a simple discrete scale method,
but it has some weak points such as halo eﬀect, leniency effect, central tendency, and so on [4]∼[7]. From these points,
it is suggested that there exists unintended bias on LS’s results [8] [9]. In order to solve these weak points, VAS (see
Fig. 1b) is investigated on the subjective evaluation [8] [9].
VAS is a ratio scale method, it is expected that it can solve
the weak points of LS as mentioned above [8] [9]. Therefore, it is considered that VAS is more ﬂexible than LS.
(3) Analysis method that enables the feature extraction
with small samples: In general, it is necessary to employ a large number of measurements of subjective evaluation based on LS to obtain reliable conclusions. How-

Published by IIAE. 2021

147

A Study of Impressions of One Minor Music

ever, as a human-centered computing ﬁeld, it needs to give
an accurate result by a small number of subjective evaluation measurements. To understand these data’s distribution and other characteristics, Weissgerber et al.. propose
that a combination of box-and-whisker plot and univariate
scatter plot of them should be drawn [10]. Therefore, a
new method of subjective evaluation using VAS [11] has
been developed under their proposal [10]. That is, this
method consists of three elements: (a) Questionnaire on
VAS (2 pole item), (b) Visualization (combination of univariate scatter plot and box-and-whisker plot), and (c) Clustering (hierarchical clustering analysis by Ward method and
non-hierarchical clustering analysis by k-means). And this
method is called “Shirahama-Watanabe Method” (SWM).
Furthermore, SWM has been applied to several studies [12]
[13] and contributes to feature extraction from experimental
results with small samples.
(4) Experiment participants: It shows that the diﬀerence
of the impression by the diﬀerent music or sound can be expressed using SWM [11] in the results of our previous study
[2] [12]. On the other hand, this study focused on the comparison of experimental results due to diﬀerent groups of
participants (thus, eight people group and twenty-two people group are invited as the experiment participants in this
attempt).
Under such conditions and our previous study [2] [12], in
order to express and compare the experimental results, one
Minor music (“Requiem (Mozart)”) and the questionnaire
on VAS are prepared for this attempt. Furthermore, two
groups of healthy people (eight people group and twentytwo people group) are invited as the experiment participants. Moreover, SWM [11] is used in this attempt.
That is, this paper describes that the expression and comparison of the experimental results for the impression of one
Minor music using a box-and-whisker plot, univariate scatter plot and cluster analysis.
The remainder of this paper is organized as follows. Section 2 describes the theory of VAS and its visualization analysis. Materials and methods are shown in Section 3. Results
and discussion are given in Section 4. Section 5 shows the
conclusions and future works.
2.

Theory of Impression of Music Based on VAS and
its Visualization

2.1 VAS
In recent years, VAS has been applied to
study subjective evaluation such as education [8] [9] [13],
an impression of music [2] [12], impression received from
the response of a communication robot [11], and so on. This
paper ﬁrst introduces VAS. Fig. 1b shows the typical types
of VAS questionnaires. This is to ask the impression of the
music. To answer Fig. 1b, the response is marked by drawing a vertical line on the horizontal line.
An example of the response to VAS questionnaire is
shown in Fig. 2. And the calculation of VAS data is also
shown in Fig. 2. VAS’s results are determined by the ratio
of (a) to (b) (in other words, it is determined by the position
of the mark on the line). As mentioned above, a value of
subjective evaluation , i.e., the value of the impression of
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Figure 2: Example of calculation of VAS data.

the music (between 0.00 to 1.00) can be obtained.
2.2 The Method of Subjective Evaluation Using
VAS for Small Sample Data Analysis (Shirahama −
W at anabeMet hod, SWM) [11]
This paper applies
the method called SWM [11]. SWM has been developed for
small sample data analysis based on VAS questionnaires.
And SWM consists of three elements: (a) Questionnaire on
VAS (2 pole item), (b) Visualization (combination of univariate scatter plot and box-and-whisker plot), and (c) Clustering (hierarchical clustering analysis by Ward method and
non-hierarchical clustering analysis by k-means).
2.3 Expression of Impression of Music Based on SWM
[11]
By the expression of values (impression of music)
obtained in 2.2, it is possible to know their characteristics.
To clarify their characteristics, the analysis is carried out
by R environment. First, the basic statistics and correlation matrices are calculated, the outlines of distribution and
relationships of values are obtained. Next, a combination
of box-and-whisker plots and univariate scatter plots [10]
is drawn, and this is our unique method [2] [11]∼[13] that
is called SWM. Moreover, hierarchical clustering analysis
by Ward method and non-hierarchical clustering analysis
by k-means are carried out. Under these procedures, relationships and meanings of an impression of music can be
understood [2] [11]∼[13].
3. Materials and Methods
3.1 Expression of Impression of One Minor Music
Based on SWM
The Experiments consist of listening
to a piece of Minor music and answering the questionnaire
on VAS, these are conducted by the ﬁrst group (G1) and the
second group (G2) separately.
As the test piece, one Minor music (“Requiem (Mozart)”)
is employed (This music is selected in connection with our
previous studies [2] [12]). All participants are asked to listen to the test piece individually. In order to analyze their
impression of the Minor music, they are asked to answer the
questionnaire [14] on VAS (see Fig. 3) individually. By the
expression of values (impression of the Minor music) obtained in this procedure, it is possible to know their characteristics; the basic statistics and correlation matrices, visualization (combination of univariate scatter plot and box-andwhisker plot), and clustering (hierarchical clustering analysis by Ward method and non-hierarchical clustering analysis
by k-means) [2] [11]∼[13].
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Table 1: Basic statistics.
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Figure
3: Questionnaires relating to the impression of Minor

music [14] for VAS.
3.2 Participants
Two groups of healthy people are
invited as the experiment participants; G1 consists of eight
male people (all their ages are 21 years old), and G2 consists of twenty-two male and female people (male: 16
people, female: 6 people, ages: 21.04±3.54 years old
(mean±standard deviation)). And it has been conﬁrmed that
all participants have no knowledge of the test piece.
Ethical considerations are as follows:
The explanation of this study is given orally, and the documents are distributed to the participants. And participation
in this study is voluntary. Furthermore, the data has been
collected anonymously and has been only used for the presentation of this study.
4. Results and Discussion
4.1 Basic Statistics and Correlation Matrices
Table
1 shows the basic statistics of questionnaires relating to the
impression of the Minor music based on VAS, from Q1 to
Q7. In Table 1, the results of G1 and G2 are similar, it can
be seen that the maximum value of the diﬀerence of standard deviation is 0.10 (see Table 1b). From these facts, it
is considered that participants received similar impressions
from the Minor music. On the other hand, the distribution of
VAS data is relating to the impression of the Minor music;
especially, trends of Table 1a (Bright (0.00)-Dark (1.00)),
(e) (Clearly (0.00)-Vaguely (1.00)) and (f) (Happy (0.00)Sad (1.00)) are characteristic; it is found that the trends of
the impression of the Minor music are “Dark” (Table 1a),
“Clearly” (Table 1e) and “Sad” (Table 1f). Next, the correlation matrixes of these data are shown in Table 2. It can be
seen that there exist similar data and dissimilar data between
Table 2a and Table 2b. Furthermore, it is discovered that
some correlations are moderately from Table 2a (Q1 to Q6
(r=0.72), Q2 to Q7 (r=-0.81) and Q4 to Q7 (r=-0.66)) and
Table 2b (Q1 to Q6 (r=0.58) and Q3 to Q7 (r=0.60)); these
are not the same. However, other correlations are weak.
Under the above results and discussion, another method
is needed to express the characteristics of the Minor music.
Therefore, a new method to draw a combination of box-andwhisker plots and univariate scatter plots [2] [9] [11] [12] is
used.
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G2∗∗
0.87
0.47
0.70
0.70
0.11

(b) Q2 (Nervousness (0.00)-Relax (1.00))
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G1∗
0.86
0.60
0.73
0.72
0.10

Max.
Min.
Mean
Median
SD

G1
0.88
0.00
0.36
0.30
0.30

G2
0.88
0.00
0.34
0.31
0.20

(c) Q3 (Simple (0.00)-Complex (1.00))
Max.
Min.
Mean
Median
SD

G1
0.89
0.53
0.73
0.79
0.15

G2
0.89
0.24
0.67
0.69
0.16

(d) Q4 (Spirited (0.00) -Quietness (1.00))
Max.
Min.
Mean
Median
SD

G1
0.78
0.00
0.46
0.47
0.23

G2
0.95
0.00
0.49
0.52
0.23

(e) Q5 (Clearly (0.00)-Vaguely (1.00))
Max.
Min.
Mean
Median
SD

G1
0.76
0.05
0.28
0.24
0.23

G2
0.76
0.00
0.29
0.24
0.19

(f) Q6 (Happy (0.00)-Sad (1.00))
Max.
Min.
Mean
Median
SD

G1
0.84
0.56
0.69
0.66
0.09

G2
1.00
0.38
0.74
0.75
0.15

(g) Q7 (Like (0.00)-Dislike (1.00))
G1
G2
Max.
1.00 1.00
Min.
0.06 0.06
Mean
0.56 0.47
Median 0.52 0.43
SD
0.32 0.29
∗
: Group 1 (n=8),
∗∗
: Group 2 (n=22),
∗∗∗
: Standard deviation.
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Table 2: Correlation matrix.
(a) Group 1 (n=8)

Q2
Q3
Q4
Q5
Q6
Q7

Q1

Q2

Q3

Q4

Q5

Q6

-0.30
0.29
0.05
0.37
0.72
0.35

-0.01
0.36
0.15
-0.17
-0.81

-0.50
0.26
0.37
0.49

-0.03
0.36
-0.66

0.31
0.18

0.29

Q6

(b) Group 2 (n=22)

Q2
Q3
Q4
Q5
Q6
Q7

Q1

Q2

Q3

Q4

Q5

-0.36
-0.10
-0.13
-0.01
0.58
0.23

0.03
0.30
0.22
-0.09
-0.51

-0.17
-0.06
-0.19
0.60

0.21
-0.12
-0.21

0.12
-0.09

(a) Group 1 (n=8)
-0.03

5.

Combination of Box-and-Whisker Plots and Univariate Scatter Plots
In order to clarify relationships or meanings of Q1 to Q7
for the Minor music, the combination of box-and-whisker
plots and univariate scatter plots [10] [11] is shown as Fig. 4.
And to examine and compare the box-and-whisker plots and
univariate scatter plots, they are overlaid and visualized as
Fig. 5. From Fig. 4 and Fig. 5, it can be seen that the participants of both groups received similar impressions from the
Minor music. And it turns out that there are speciﬁc trends
in Q1, Q5, and Q6. That is, distribution trends of Q1 and
Q6 are higher values, (i.e., “Dark” and “Sad”), and that of
Q5 is lower values, (i.e., “Clearly”). On the other hand, it
can be seen that distribution trends of Q2 are lower values
and that of Q3 is higher values. However, their box length
is longer than Q1, Q5, and Q6. Therefore, it is considered
that distributions of Q2 and Q3 are not characteristic.
From the above procedure, it is considered that the characteristics of the impression of the Minor music is clariﬁed.
And it is also considered that these facts are evidence of
section 4.1.
5.1 Hierarchical Clustering Analysis by Ward Method
and Non-Hierarchical Clustering analysis by k-means
Figure 6 shows the cluster dendrogram from Q1 to Q7 for
the Minor music. And it is considered that these are divided
into three clusters from Fig. 4 and Fig. 5. More, these two
ﬁgures in Fig. 6 can be regarded as the same. From Fig. 6,
therefore, it can also be seen that the participants of both
groups received similar impressions from the Minor music, and the relationships and meanings of Q1 to Q7, (i.e.,
the basis of their answers) are also similar. Furthermore,
the number of clusters is deﬁned as three, non-hierarchical
clustering analysis by k-means are also carried out. This
result is the same as in Fig. 6. Furthermore, the clustering
from Q1 to Q7 and the meanings of these are summarized in
Table 3 [12]. According to Table 3, it can be possible to ex-

(b) Group 2 (n=22)
Figure 4: Combination of univariate scatter plots and box-

and-whisker plots (1).
press the relationship and meaning of questions as a speciﬁc
phrase. Moreover, it has been conﬁrmed that Q1 (“BrightDark”) and Q6 (“Happy-Sad”) belong to the same cluster.
This fact has also been conﬁrmed in our previous studies
(expression of diﬀerent impressions by diﬀerent types of
music) [2] [12]. Hence, Q1 and Q6 are considered to be the
basic elements that determine the impression of music by
the experiment participants as same as our previous studies
[2] [12].
However, these results and discussion are limited to the
case of an impression of one Minor music. Therefore, applying SWM for another music (such as another Minor music, major music, and so on) or another ﬁeld is expected and
these are very important. Thus, conducting more investigations is also necessary.
6. Conclusion
Under these results and discussion, it concludes as follows:
the participants in the two groups received similar impresIIAE Journal, Vol.9, No.4, 2021
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Figure 5: Combination of univariate scatter plots and box-

!
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(a) Group 1 (n=8)

and-whisker plots (2) (overlaid Fig. 4a and Fig. 4b).
Table 3: Clustering by k-means from Q1 to Q7 and their

meanings.
Cluster 1:
Meaning:

Q7 (“Like-Dislike”)
A preference of participants

Cluster 2:

Q1 (“Bright-Dark”), Q6 (“Happy-Sad”),
Q3 (“Simple-Complex )
Impressions of intuitive and easy to
understand

Meaning:
Cluster 3:

Meaning:

Q2 (“Nervousness-Relax”),
Q5 (“Clearly-Vaguely”),
Q4 (“Spirited-Quietness”)
Impressions that are diﬃcult to understand
(such as emotional, musical, etc.)

!
(b) Group 2 (n=22)

sions from the Minor music, and they answer the VAS questionnaire in the same way. And the bases of their answers
are also similar. However, to obtain reliable conclusions,
applying SWM in future study such as another ﬁeld and
conducting more investigation are very important. More,
it is also very important to compare and examine this proposed method and another method by small samples.
Future works are as follows: (1) applying SWM in another music or ﬁeld; (2) comparison of SWM and other
methods by small samples; (3) measurement with a larger
number of participants and (4) clustering of participants.
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