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---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

Abstract 

More and more businesses are realizing the vital role of emotions in heightening the attractiveness and adding value to products. Due 
to the perceptual differences between designers and users, it is a key challenge for designers to transfer a user’s emotional desires into 
technical and design specifications, particularly cultural differences that may lead to ambiguous responses. We conducted research on 
revealing intangible emotions via quantifiable method, in order to bridge the discrepancy between designers’ intentions and users’ decod-
ing. An emerging non-verbal tool was proposed, auditory parameter method (AP), which considers a set of auditory stimuli as scale to 
assess the emotions elicited by products. The objective was to investigate and validate whether the AP method is resistant to interference 
in cross-cultural and inter-ethnic application. Comparative experiments were organized in parallel with both Chinese and French partici-
pants, considering conventional verbal assessment semantic differential method (SD) as control group. The statistical results indicated 
that the auditory scale of AP method has slight intercultural differences in perception and interpretation.  

Keywords: Affective design; Auditory parameter method; Non-verbal; Quantitative approach; User emotion  
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

1. Introduction

In the current marketplace, it is necessary but no longer suf-
ficient to offer good functioning products [1, 2]. Consumer 
research has shown that the emotional quality of products 
plays an important role for differential advantage in the mar-
ketplace [3-5]. By the time we become consciously aware of 
what we like, our unconscious has already decided based on 
multisensory information received. The conscious mind then 
fabricates a logical story to justify the decision. 

It is a challenge for design engineers to transfer users’ emo-
tional desires into technical and design specifications. A clear 
understanding of user perceptions in the design process is a 
crucial component for a creative and innovative approach 
towards the realization of a new market-successful product [6]. 
There are many differences in the perception of designers and 
users for the same product [7]. Usually, it seems troublesome 
to discuss emotional responses with users because there is a 
lack of proper vocabulary to express subtle affective responses. 

Measurement of user emotion becomes an interesting drive 
for product design. How to measure and understand user emo-

tions has attracted the attention of many researchers. As a 
consequence, both the number of reported instruments and the 
diversity in approaches to measure emotions are abundant. 
Today’s instruments range from simple pen-and-paper rating 
scales to dazzling high-tech equipment that measures brain 
waves or eye movements. 

Self-report measurement instruments find a balance be-
tween having a reliable method and not disturbing the experi-
ence, which are considered as conventional and efficient tech-
niques to quantify user’s emotional desires. This kind of 
measurement technique can be summarized in verbal and non-
verbal approaches depending on the type of assessment scales. 

A classical verbal approach, such as the semantic differen-
tial method (SD) [8], consists in defining a list of attributes, 
and carrying out user-tests in which the user must assess the 
product on measurement scales. The verbal nature entails 
some limitations. First, expressing the affective needs in ver-
bal descriptions tends to be imprecise and ambiguous [9], 
since user emotions are subtle and complicated impressions. 
Second, verbal approaches have problems when applied to 
different cultures and ethnic groups [10]. Translation into 
other languages might be difficult and result in distortion. 
Third, the verbal nature is unworkable for young children and 
illiterate individuals. Finally, the configuration of the term list 
is product-related. This technique allows the subjects to focus 
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on the expected dimensions since the categories are already 
provided, so a new set of assignments has to be proposed for 
each application [11]. 

Researchers commit to finding more intuitive and under-
standable assessment scales for developing measurement in-
struments. The common challenge is that the subjects have to 
understand the assessment scales and easily reach a consensus 
in their interpretations, which influences the effectiveness and 
reliability of the instrument [9]. Norman noted that the visual 
and behavioral states exist in a subconscious space, while the 
verbal state exists in a conscious space, which means that 
sensorial processes (right brain) input in an intuitive way, 
whereas verbal processes (left brain) input in an analytical 
way [12]. Therefore, using language-independent scales, like 
animation, picture, or sound for measuring emotion brings a 
higher reliability. 

The auditory parameter method (AP) is a non-verbal in-
strument which proposes an original extension to the audio 
modality [13]. AP method enables quantification of users’ 
emotional responses via interesting and easy association tasks 
(sound to product image) via a programmed software interface. 
The set of auditory stimuli is defined as generic assessment 
scales, interpreted by some perceptual variables. The emotions 
suggested by the auditory samples are assumed to be represen-
tative of the emotions suggested by the products. 

In the previous study [13], the audio modality was explored 
as a means to elicit user emotion, and a new audio-based user 
emotion measurement tool AP method was defined. The ap-
plication case concerned eyeglass frame, because it is an inter-
esting product from a connotative point of view. The proposed 
AP method was also compared with the conventional ap-
proach SD method (control group) using experimental study. 
The statistical results indicated that the AP method demon-
strates interesting qualities to reveal the users’ desires for form 
and transmits to technical specifications for designers, which 
are presented in terms of emotional responses.  

Emotion measurement tools may have limits in cross-
culture use, just as the aesthetics and experienced preferences 
differ somewhat from culture to culture [14]. Due to the inevi-
table perception gaps and ambiguity of the cognitive process, 
the emotion created by a piece of music may be different be-
tween individuals. To propose a more public acceptance pool 
of music samples, an iterative design process is needed for 
continuous improvement. The current paper is a follow-up 
study, with comparative experiments duplicated in both China 
and France, to investigate and validate whether the AP method 
is resistant to interference in cross-cultural and interethnic 
context. Considering the continuity of the study, verbal proto-
col SD method was conducted as control group, and the pre-
defined product pool eye-glass frames were used to illustrate 
the application. 

In the present paper, the organization of comparative ex-
periments is described in Sec. 2. The analysis and discussion 
of the results are presented in Secs. 3 and 4. Finally, conclu-
sions and perspectives are drawn in Secs. 5 and 6. 

2. Material and method

We employed two parallel surveys with Chinese and French
participants based on both auditory parameter method (AP) 
and semantic differential method (SD), shown in Fig. 1. The 
product under study was eyeglass frames, a product space of 
22 samples was proposed for evaluation to both groups. Statis-
tical methods allowed a comparison of the results between 
groups and tools. 

2.1 Product space 

From a design perspective, eyeglass frames are very inter-
esting products, which integrates functionality, aesthetics, and 
individuality. Particularly, eyeglass frames transmit to the 
owner a controlled affective image [15, 16].  

Described in preliminary research [13], full-frame samples 
were selected and geometrical details have been simplified 
into four shape factors with different levels to control the de-
sign variables: frame leg width (wide vs. narrow), rim profile 
(8 forms), rim aspect ratio (high vs. wide), and rim thickness 
(thick vs. thin).  

An experimental design with 22 samples was defined and 
proposed, illustrated in Fig. 2. For the purpose of focusing 
experimental participants’ attention on shape only, no infor-
mation was regarding to material, color, and texture. 

2.2 SD experiment 

The SD experiment was carried out with the semantic 
differential method. The process consists of two parts: The 
selection of semantic attributes and the layout of the scale [17]. 

2.2.1 Selection of semantic attributes 
Eight pairs of semantic attributes (see Table 1) were se-

lected by analyzing previous publications in Kansei Engineer-
ing [18], in particular on the perception of eyeglass frames 
[19], with their Chinese and French translations listed.  

2.2.2 Layout of the scale 
For each semantic attribute, an assessment was imple-

Fig. 1. Organization of the comparative experiments. 
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mented on an unstructured scale (0-100) to get a continuous 
value. Subjects were advised to take their time in making the 
assessment on a graphical interface. 

After evaluating the samples by the participants, the 22 de-
signs of the product space can be described by a matrix, 
named VSD, which represents the average value of the assess-
ment according to all the attributes (dimension m*p matrix, m 
refers to the number of products, p is the number of semantic 
attributes). 

2.3 AP experiment 

2.3.1 Mechanism of AP experiment 
The AP method has been exhaustively described in Lu and 

Petiot 2014 [13]. We consider here only the principles of this 
method. For more information, the reader is advised to refer to 
the initial publication.  

The principle of the auditory parameter method is based on 
a multimodal matching, which corresponds to an association 
between a representative auditory stimulus and a picture of a 
product. The task of the participant is to select among a set of 
sounds, the audio stimulus that best fits the picture presented, 
from an emotional point of view. 

Given the limited short term memory of humans for sounds, 
only three auditory stimuli are proposed at each selection 
phase. To get more accurate information, four successive se-
lection stages are proposed to the subject, explained in Fig. 3 
(sounds are represented by forms, applied to each design of 
the product space). Under simple random sampling without 
replacement, a participant has to select the most representative 
auditory stimulus for the proposed designed product in the 
first three phases. In the fourth phase, the participant has to 
choose the most representative one again among the three 
previous selected options. Finally, for each product sample, 
there are nine different auditory stimuli proposed by the algo-
rithm. Two stimuli are selected once, and only one is selected 
twice.  

The results of the selection process of the subjects during 
the AP experiment are recorded in a frequency matrix, named 
F (dimension m*n matrix, m refers to the number of objects of 
the product space, n is the number of sounds in the bank), 
which represents the number of times a given sound has been 
associated with a given product. 

2.3.2 Definition of the auditory stimuli bank 
The auditory stimuli bank is composed of a set of generic 

sounds designed for the measurement of user emotions.  
Two versions of the auditory stimuli have been investi-

gated: A selection from the international affective digitized 
sounds [20, 21], which is a collection of 137 ecological 
sounds, and a bank of music samples defined by the authors 
[13]. 

In a previous study, we showed that a version of ecological 
sound was sufficient to provide significant results, which 
agreed with empirical evidence, and validated by a statistical 
test [20]. However, the ecological sounds are context depend-
ent and may evoke emotions that are interrelated with a sce-
nario (e.g., baby crying may always arouse stress). Compared 
to ecological sounds, music has some prominent advantages. 
Music and design are highly interrelated in the emotional rep-
resentation of both creating and evaluating processes. The 
emotions conveyed by music are often more complex than 
simple rules, which is the same as emotions elicited by a de-
sign. Moreover, music has more abundant choices for the 
effect of the combination of different elements of a musical 
sequence. 

We adopted a bank of music samples described by four per-
ceptual dimensions in Table 2, which were determined after 
sorting task and multidimensional scaling analysis, described 
in Lu and Petiot 2014 [13]. The perceptual dimensions are 
given in a matrix, named P (dimension n*k matrix, n refers to 
the number of sounds, and k is the number of variables). 

Table 1. List of the 8 semantic attributes in the SD experiment. 

Attributes 
No. 

English Chinese French 

1 Feminine – 
masculine 女性的-男性的 Féminine - masculine 

2 Common - special 普通的-特别的 Commune - particulière 

3 Original - dull 新颖的-无趣的 Originale - banale 

4 Delicate - rough 精美的-粗糙的 Recherchée - basique 

5 Funny - serious 趣味的-庄重的 Drôle - sérieuse 

6 Obedient - 
rebellious 顺从的-桀骜不驯的 Sage - rebelle 

7 Modern - retro 时髦的-复古的 Moderne - rétro 

8 Smart - ordinary 讲究的-平凡的 Élégante - vulgaire 

Fig. 2. Product space of the 22 samples. 
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Finally, the objects of the product space are described by 
the matrix VAP, the product of the frequency matrix F with the 
variables matrix P of sounds (VAP = F*P, m*k matrix, m refers 
to the number of products, k is the number of variables). 

2.4 Subjects and procedure 

Eighty-eight college students, including 44 Chinese and 44 
French, participated in these two experiments. They were 
undergraduate or graduate students of large public universities 
in China and France, between the ages of 18 and 24. They had 
similar educational specialties: Mechanical engineering and 
industrial design. There was no particular requirement on mu-
sical-background for the participants. 

The two experiments were conducted in a calm computer 
room to avoid any external disturbance, using headphones. In 
a short introduction, the subjects were informed about the 
purpose of the experiments, and given an explanation of the 
functioning of the interfaces. They were told that they could 
take as much time as they needed, but to avoid too much re-
flection because we were interested in their spontaneous emo-
tional responses.  

For purpose of controlling carry-over effects, Williams 
Latin Square was conducted for presentation order. The ex-
periment was fully balanced because the number of subjects 
(88 subjects) is a multiple of the number of products (22 prod-
ucts). 

3. Results of the SD experiment

The average rating of the 22 eyeglass frames, obtained by
the SD experiment, was computed for both Chinese and 
French groups (matrices VSDC and VSDF). In this case, the eye-
glass frames were described by eight pairs of attributes. 

3.1 Result of the Chinese group of the SD experiment 

3.1.1 Mean value of Chinese group by the SD experiment 
The mean value of Chinese group obtained by the SD ex-

periment is shown in Fig. 4. The average assessment towards 
22 product samples was around the median value (50) for 
almost all terms, especially for the attribute “smart-ordinary”. 
The approximate flat arithmetic average values of Chinese 
group were uninformative regardless of the differences be-
tween the product samples, which did not allow an efficient 
characterization of the differences between the eyeglass 
frames. 

3.1.2 Two-way ANOVA results of Chinese group of the SD 
experiment 

To estimate the agreement inside the group, the assessments 
from Chinese participants of each semantic attribute were 
analyzed by two-way ANOVA with the two factors “subject” 
and “product”. As listed in Table 3, for most of the attributes, 
except “feminine - masculine”, the effect of the explanatory 
variable (subject) is significant (p < 0.05) and the effect of the 
product is not significant (p > 0.05). That means the ratings 
for these attributes are mainly influenced by the difference 
between subjects, rather than the differences among product 
samples. Only one attribute, feminine-masculine, obtains a 
significant product effect, which is a sign of perceived differ-
ences between the samples. The agreement inside the Chinese 
group is weak, and the average value is not representative of 
the assessments of the group. The individual evaluations of 

Table 2. List of the 4 variables in the AP experiment. 

No. Perceptual dimensions 

1 Funny, lively - serious, calm 

2 Provocative, odd - serene, mellow 

3 Depressed, calm - technological, excitant 

4 Dynamic, fashion - peaceful, relaxed 

Fig. 3. Illustration of the four-stage selection procedure. 

Fig. 4. Mean value of the assessments for each semantic attribute (Chi-
nese group). 
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the Chinese participants are too diverse, which have important 
conflicting opinions towards particular product sample. We 
consider that there are three main causes driving this. 

Understanding obstacles: Attributes, the assessment scales 
in the SD experiment, are pure antonymous adjective pairs, 
which are usually not enough for solid understanding. Many 
understanding obstacles are caused by cultural factors rather 
than the language itself. Taking “common” and “ordinary” for 
instance, they mainly have the same meaning “普通的” (peo-
ple or things are not special or different in any way) in Chi-
nese, which leads to difficulty in translation. The weak differ-
ence can be appreciated along with the context in phrase or 
sentence. Compared to “common”, “ordinary” puts particular 
emphasis to the contrary of “superior”, and it has a little de-
rogatory sense, for instance, “ordinary-looking”. 

Value conflict: Chinese consumers are just at the cross-
roads of modernism and traditionalism, facing both Chinese 
and Western cultures. Although changes and conflicts are 
happening, the traditional segments and values still remain. 
For some people, they satisfy the fashionable society with 
rapid changes, while for others, they remain conservative val-
ues. It’s difficult to have all the participants to have the same 
interpretation towards the Kansei pairs, such as “modern - 
retro”, “obedient - rebellious”, and “common - special” 
against this background. 

Regional disparity: Given China’s expanse and large 
population, it has strong regional cultures (e.g., the rich coastal 
area and western depressed area), as well as sharp differences 
in urban and rural cultures associated with income, dialect, 
and custom. Although the participants are college students at 
similar ages, they are from different regions with different 
backgrounds, which causes variation in assessments, even 

opposite views and interests. 

3.2 Results of the French group of the SD experiment 

3.2.1 Mean value of French group by the SD experiment 
The average assessment towards 22 product samples of the 

French group by the SD experiment was calculated as well, 
shown in Fig. 5. The ratings of each product sample are dif-
ferentiable and significant compared to the Chinese group. 
The French participant of the SD experiment could reach a 
consensus towards the same product, and their assessments 
are distinguishable, which allow an efficient characterization 
of their preference towards the specific design samples. 

3.2.2 Two-way ANOVA results of the French group of the 
SD experiment 

To estimate the agreement inside the French group, we ana-
lyzed the assessments of each semantic attribute by two-way 
ANOVA with the two factors “subject” and “product” (see 
Table 4). For all the semantic attributes, the effect of the ex-
planatory variables, subject and product, is significant. The 
higher F-test value of the factor “product” compared to the 
factor “subject” is a sign of the discriminability of the product 
samples. 

3.3 Comparison between the groups of the SD experiment 

The estimation between Chinese and French groups was 
analyzed with both univariate and multivariate statistical 
methods. 

Table 3. Two-way ANOVA result of each semantic attribute of Chi-
nese group. 

Attribute Factor Fisher F-test P-value Significant 

Subject F(43, 903) = 2.92 < 0.0001 Yes Feminine - 
masculine Product F(21, 903) = 3.18 < 0.0001 Yes 

Subject F(43, 903) = 1.95 < 0.0001 Yes Common - 
special Product F(21, 903) = 1.51 0.067 No 

Subject F(43, 903) = 2.55 < 0.0001 Yes Original – 
dull Product F(21, 903) = 1.17 0.268 No 

Subject F(43, 903) = 3.84 < 0.0001 Yes Delicate - 
rough Product F(21, 903) = 1.23 0.217 No 

Subject F(43, 903) = 3.83 < 0.0001 Yes Funny – 
serious Product F(21, 903) = 1.80 0.015 No 

Subject F(43, 903) = 3.58 < 0.0001 Yes Obedient - 
rebellious Product F(21, 903) = 1.60 0.043 No 

Subject F(43, 903) = 4.28 < 0.0001 Yes Modern – 
retro Product F(21, 903) = 1.17 0.269 No 

Subject F(43, 903) = 3.69 < 0.0001 Yes Smart – 
ordinary Product F(21, 903) = 0.36 0.997 No 

Fig. 5. Mean value of the assessments for each semantic attribute 
(French group). 
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3.3.1 Univariate analysis of the SD experiment 
We calculated the Kendall coefficient between the groups 

for the average values of each semantic variable, shown in 
Table 5. The correlations between Chinese group and French 
group are mostly low. Only the assessments according to the 
semantic attributes “feminine - masculine” and “modern - 
retro” are significantly correlated (p < 0.05). 

3.3.2 Multivariate analysis of the SD experiment 
We calculated another metric to assess the agreement be-

tween multidimensional ratings: the RV coefficient [22]. The 
coefficient was 0.206, which measures the closeness between 
the matrices VSDC and VSDF. It was compared later to the value 
obtained with the AP experiment. 

To estimate the consensus between groups, generalized 
procrustes analysis (GPA) [23] was carried out to define the 
degree of agreement between the two different configura-
tions (Chinese group and French group), and to assess the 
similarity between families of terms used to describe the 
products. GPA is a multivariate technique commonly used in 
sensory analysis to produce a consensual representation from 
a set of different individual data matrices (called configura-
tions), and to represent the consensus via principal compo-
nents analysis (PCA). 

GPA was conducted to explore the consensus between av-
erage matrices VSDC and VSDF. The consensus ratio Rc between 
the two groups was 59 %. It signifies that after transformation 
of the data, 59 % of the total variance is represented by the 
consensus configuration. The statistical test (permutation test) 
on Rc indicates that this consensus is significant with a confi-
dence = 90.2 %. The general agreement between the two 
groups is then not very important. 

4. Results of the AP experiment

The characterization of the 22 eyeglass frames obtained
with the AP experiment was computed for both Chinese and 
French groups (matrices VAPC and VAPF). The eyeglass frames 
were described by four perceptual parameters. 

4.1 PCA results of Chinese group of the AP experiment 

The matrix VAPC was analyzed using standardized principal 
components analysis (PCA) to uncover the underlined struc-
ture of the data. The first two factors of PCA represent 93.3 % 
of variance. These two factors are considered as sufficient to 
represent the differences between the products. The loadings 
of the variables (see Fig. 6) are useful for interpreting the 
meaning of the factors. Factor 1 is mainly created by the vari-
ables “dynamic, fashion - peaceful, relaxed”, “provocative, 
odd - serene, mellow”, and “depressed, calm - technological, 
excitant”. The variable “funny, lively - serious, calm” contrib-
utes to factor 2. 

Illustrated on the factorial planes of the Chinese group in 
Fig. 7 are the coordinates of the 22 eyeglass frames. The simi-

Table 4. Two-way ANOVA result of each semantic attribute of French 
group. 

Attribute Factor Fisher F-test P-value Significant 

Subject F(43, 903) = 2.62 < 0.0001 Yes Feminine - 
masculine Product F(21, 903) = 9.55 < 0.0001 Yes 

Subject F(43, 903) = 3.91 < 0.0001 Yes Common - 
special Product F(21, 903) = 9.75 < 0.0001 Yes 

Subject F(43, 903) = 2.19 < 0.0001 Yes Original – 
dull Product F(21, 903) = 9.25 < 0.0001 Yes 

Subject F(43, 903) = 2.87 < 0.0001 Yes Delicate - 
rough Product F(21, 903) = 4.90 < 0.0001 Yes 

Subject F(43, 903) = 2.38 < 0.0001 Yes Funny – 
serious Product F(21, 903) = 12.18 < 0.0001 Yes 

Subject F(43, 903) = 2.04 < 0.0001 Yes Obedient - 
rebellious Product F(21, 903) = 6.29 < 0.0001 Yes 

Subject F(43, 903) = 2.65 < 0.0001 Yes Modern – 
retro Product F(21, 903) = 4.94 < 0.0001 Yes 

Subject F(43, 903) = 3.49 < 0.0001 Yes Smart – 
ordinary Product F(21, 903) = 3.28 < 0.0001 Yes 

Table 5. Kendall coefficient between the groups for the average values 
of each semantic attribute and significance test (p-value). 

Attribute Kendall coefficient (p-value) 

Feminine - masculine 0 515 (p < 0.05) 
Common - special -0.134 (p = 0.4) 

Original - dull -0.004 (p > 0.9) 

Delicate - rough 0.013 (p > 0.9) 

Funny - serious -0.074 (p = 0.65) 

Obedient - rebellious 0.013 (p > 0.9) 

Modern - retro 0.403 (p < 0.05) 
Smart - ordinary -0.169 (p = 0 28) 

Fig. 6. PCA of the matrix VAPC (loadings of the variables - AP experi-
ment - Chinese group). 

6



Acc
ep

te
d 

M

us
c

ip
t

larities and differences between samples are determined by the 
distances between them. In accordance with the distribution of 
the eyeglass frames, it’s obvious that the designs with thin rim 
and narrow frame leg have an important score on the positive 
direction of factor 1, which evokes “mellow, peaceful, classi-
cal, and relaxed” feelings. The contrary design schemes with 
wide rim and wide frame leg are located on the opposite direc-
tion, which looks like more fashion, dynamic, and technologi-
cal. In terms of factor 2, the eyeglass frame samples P03 and 
P15 are more funny and lively among the 22 samples. The 
sample P06 is particular, with extremely high value on “tech-
nological, excitant, fashion, and lively”. 

4.2 PCA result of French group of the AP experiment 

The matrix VAPF was analyzed using standardized PCA as 
well. The first two factors of PCA represent 87.8 % of vari-
ance, which is sufficient to represent the differences among 
the eyeglass frames (see Fig. 8). Compared to the Chinese 
group, the interpretation of the factors is very similar. The first 
factor is merely reversed; the second factor is almost the same, 
mainly created by the variable “funny, lively - serious, calm”. 

The locations of the 22 eyeglass frames on the factorial 
planes of the French group are given in Fig. 9. We can notice 
on this graph that the two groups produced very similar re-
sults; the locations of the eyeglass frames are similar on the 
two first factors. The designs with thin rim and narrow frame 
leg are distributed on the opposite pole of the first factor, op-
posite to the designs with wide rim and wide frame leg. The 
eyeglass frame P06 is an extreme sample on the first factor, 
similar to the result of Chinese group. The eyeglass frames 
P03 and P15 have important scores on the second factor, 
which look like particularly funny and lively. 

4.3 Comparison between the groups for the AP experiment 

To examine the consensus between groups of the AP ex-
periment and compare with the SD experiment, the same uni-
variate and multivariate statistical analyses were conducted on 

matrices VAPC and VAPF. 

4.3.1 Univariate analysis of the AP experiment 
The Kendall coefficient was calculated between the groups 

for the average values of each perceptual parameter (see Table 
6). The assessments towards the parameter “depressed, calm - 
technological, excitant” and “dynamic, fashion - peaceful, 
relaxed” are significantly different from 0 (p < 0.05). Com-
pared to the SD experiment, the coefficients of the AP ex-
periment between groups are higher as a whole. Half of the 
ratings of the AP experiment between Chinese group and 
French group are correlated. 

4.3.2 Multivariate analysis of the AP experiment 
The RV coefficient between the average ratings of the 22 

eyeglass frames obtained by the AP experiment between 
groups (matrices VAPC and VAPF) was computed for compari-
son as well. The correlation between the groups is more im-
portant with the AP experiment (RV = 0.39) than with the SD 

Fig. 7. PCA of the matrix VAPC (locations of the eyeglass frames - AP 
experiment - Chinese group). 

Fig. 8. PCA of the matrix VAPF (loadings of the variables - AP experi-
ment - French group). 

Fig. 9. PCA of the matrix VAPF (locations of eyeglass frames - AP 
experiment - French group). 
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Though PCA results are interesting, they are unable to as-
sess the agreement between the two groups. GPA was con-
ducted to explore the consensus between matrices VAPC and 
VAPF. The consensus ratio Rc between the two groups was 
75.9 %. It signifies that after transformation of the data, 
75.9 % of the total variance is represented by the consensus 
configuration. The statistical test (permutation test) on Rc indi-
cates that this consensus is significant (confidence = 99.7 %). 
The general agreement between groups of the AP experiment 
is better than those of the SD experiment. 

5. Discussion

There are three main possible reasons to explain the differ-
ences between groups for the SD experiment. 

(1) Intercultural differences in the perception of the product
samples; 

(2) Distortion in translation: The translation of attributes
does not represent exactly the same notion in both languages; 

(3) Assessment error of the participants (due to the experi-
mental protocol). 

Concerning the AP experiment, there are three main possi-
ble reasons to explain the differences between groups as well. 

(1) Intercultural differences in the perception of the product
samples; 

(2) Intercultural differences in the perception of the music
samples; 

(3) Assessment error of the participants (due to the experi-
mental protocol). 

Subjective reports of Chinese group via the SD approach 
were uninformative, and the correlation between Chinese and 
French groups was not significant. The similar results of PCA 
and high consensus examined by univariate and multivariate 
statistical analyses indicated that the two groups of the AP 
experiment have similar perception towards the same product 
samples. The statistical analysis indicated that the results of 
the AP experiment are more similar between groups than the 
results of the SD experiment. 

If we consider that the assessment error is similar for both 
experiments, and the perception of the music samples is simi-
lar for both groups, given that we obtained similar results with 
the AP method, the difference observed between the SD ex-
periment is considered to be only due to the effect of the trans-
lation of the adjectives. To verify this assumption, the matrices 

F concerning the choices of the participants, before multiply-
ing by the matrix P, should be similar. Therefore, we esti-
mated the consensus between matrices F with the Mantel test 
[24]. 

We transferred two matrices F into square dissimilarity ma-
trices by computing the Pearson similarity between the rows 
of each matric F. Then the two square matrices were exam-
ined with Mantel test. As the computed p-value (< 0.0001) is 
lower than the significance level alpha = 0.05, we should re-
ject the null hypothesis that there is no correlation between the 
matrices. As a conclusion, we can consider that the associa-
tions between music samples and products for Chinese and 
French groups are similar. 

How to represent the user emotional responses to products 
is a challenging issue in learning design. Sometimes, without 
any technical experience, the users do not know what they 
really want until their preferences are violated. In considera-
tion of the characteristics of user emotions, such as intangible, 
mixed, subtle, and inexpressible, the expression or representa-
tion by terms is difficult because they are language and culture 
dependent.  

Subjectivity is a difficulty that cannot be avoided during the 
user emotion research process for all, because it is subjective 
per se. An emotion is an internal sensation, unfortunately, all 
the presently available measuring methods are external meth-
ods interpreting different body expressions. The definition of 
assessment scales is the key point, since it influences the ef-
fectiveness of the instrument, the difficulty of the task, appli-
cation range, type of data, etc. Thus, exploring for a more 
intuitive universal assessment scale for affective responses 
elicited by product is endless. 

The outcome of this experimental study verified that audio 
stimuli have superiorities in cross-cultural and interethnic 
situations unlike languages. Nowadays, globalized markets 
and the increasing technological sophistication mean more 
intense competition than ever before. An effective design re-
quires consideration of these influences and should be planned 
to accommodate the needs of people with diverse cultural 
backgrounds. The AP method is implemented mostly at a 
subconscious level, which makes the respondents able to re-
veal the complex emotion profile of a product in an intuitive 
manner. This superiority turns the AP method into a reliable 
emotion measurement technique, in its application for the 
adaptation of products in overseas markets.  

6. Conclusions

We carried out a comparative study to validate the stability
and effectiveness of the auditory parameter method (AP) 
(non-verbal protocol). The experiment based on semantic 
differential method (SD)(verbal protocol) was considered as 
experimental control group. The experimental surveys on the 
same product samples were administered to two panels, with 
Chinese and French participants.  

The statistical analysis indicates that the AP experiment has 

Table 6. Kendall coefficient between the groups for the average values 
of each dimension of the AP experiment. 

Parameter Kendall coefficient 
(p-value) 

Funny, lively - serious, calm 0 152 (p = 0.34) 

Provocative, odd - serene, mellow 0 203 (p = 0.2) 

Depressed, calm - technological, excitant 0.455 (p < 0.05) 
Dynamic, fashion - peaceful, relaxed 0.359 (p < 0.05) 

8



Acc
ep

te
d 

M
an

us
cr

ip
t

more similar assessments between groups than the SD ex-
periment. The data of the French group on the SD experiment 
revealed the tendency of their preference towards the specific 
design samples. Unfortunately, the flattened mean values of 
Chinese group were not informative. This observed difference 
between groups within the SD experiment was mainly due to 
the effect of the translation of the attributes. 

The statistical results of the AP experiment indicated that 
both the frequency matrices F and description matrices V of 
the AP experiment were highly correlated between groups. 
The proposed 24 music samples of the AP method, serving as 
generic emotion assessment scale, have slight intercultural 
differences in the perception and interpretation.  

The outcome of this study provides an effective and reliable 
tool for product emotion quantification to reveal the true and 
often complex emotion profile of a product in cross-cultural 
and interethnic context. The understanding of user emotions 
and the measurement of emotions become crucial components 
for a creative and innovative design process. To be able to 
create a larger database of users’ perception, it is essential to 
shift from standard verbal methods for information gathering 
towards a novel method. The AP experiment can attract num-
bers of people from various demographic and cultural back-
grounds, and the dissemination of the AP method and its re-
sults improve the communication between designer and user. 
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