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ABSTRACT 7 

Many studies have attempted to measure human response in music halls in order to determine 8 

acoustic quality. However, all these works have used parameters defined by experts. This 9 

approach may be an important drawback since users who have to evaluate such concepts may 10 

not understand or misunderstand parameters which do not correspond to their own conceptual 11 

structure. This paper attempts to establish a methodology to define valid evaluation scales for 12 

different collectives and determine evaluation criteria related to the overall assessment of music 13 

hall acoustics. It analyses music hall acoustics from the user’s perspective and investigates the 14 

differences of perception between experts and non-experts through Semantic Differential within 15 

the frame of Kansei Engineering. The research was carried out through a field study in 17 16 

auditoria of the Valencia Region (Spain). Perceptions regarding the acoustic quality of these 17 

venues were studied in a group of non-experts (236) and other of experts (74). Differences of 18 

perception between both collectives were identified and analysed. The main factors 19 

characterising the subjective preference of each group were determined (5 factors for non-20 

experts and 6 for experts) and their influence on the global acoustic assessment was quantified. 21 

Furthermore, predicting perceptual models were built and the utility of the methodology was 22 

tested through the semantic profiles of two venues not included in the above analysis. This 23 

methodology was useful for studying music hall acoustics from the viewpoints of experts and 24 

non-experts and it may also enable optimization of design features of music halls. 25 

Keywords: Music hall, Acoustics, Semantic differential, User-oriented, Subjective preference, 26 

Kansei engineering. 27 

INTRODUCTION 28 

Study of perception in the field of music hall acoustics (opera houses, theatres and venues 29 

for classical music and orchestra performances) has been of great interest over the past and 30 

present century [1-9]. Many studies have attempted to find the physical parameters which 31 

determine whether the acoustics of a venue are good or not. In the early 1920s, Sabine’s study 32 

[10] led to the general view that reverberation time was the only parameter that represented 33 

the acoustic quality of a music hall. This idea remained for several years and researchers focused 34 

their efforts on studying the absorbing properties of new materials in order to control 35 

reverberation time and maximize acoustic quality. However, researchers came to realize that 36 

other parameters also influenced acoustic perception in addition to the universal criterion of 37 

reverberation time. This fact led to many other studies related to new physical parameters 38 

influencing the perception of acoustic comfort, including Early Decay Time (EDT) [11], Initial Time 39 

Delay Gap (ITDG) [5], Spatial Impression [12], Clarity Factors C50 and C80 [13], Gain Factor (G) 40 

[14], Interaural Cross-Correlation (IACC) [1] and Speech Transmission Index (STI) [4,15].  41 

Some studies also began to relate all these physical parameters to human response and the 42 

subjective evaluation that they evoke on the listener (intimacy, enveloping sound, clarity, 43 
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loudness, balance, warmth, etc.) [4,5,7,9,14,16]. This led to a new branch of acoustics known as 44 

psychoacoustics. Many authors have conducted research in this field and in particular, Leo 45 

Beranek [3]. He was the first author to establish a new parameter different from reverberation 46 

time which, according to his research, had a great influence on the listener. He stated that the 47 

feeling of intimacy in a music hall (directly related to ITDG) contributed up to 40% of the global 48 

assessment of the venue. After him, many other authors studied and quantified the influence of 49 

other acoustic parameters on the listener’s perception, including the influence of Lateral Energy 50 

Fraction (LF) on the perception of enveloping sound [2]; influence of Clarity Factor C80 on 51 

perceived subjective clarity [5]; influence of Gain Factor G(A) on perceived loudness [14]; 52 

influence of IACC on the diffusion of sound [7]; influence of STI on the perceived intelligibility of 53 

sound [4].  54 

All these studies have something in common: they evaluated listeners’ impressions through 55 

questionnaires and tests. The sample of listeners was composed of experts in some cases 56 

(musicians, acousticians, conductors, etc.) [2-4,7]; and nonexperts in others (students or habitual 57 

listeners) [6,8,17]. However, in these experiments all the concepts and attributes for evaluation 58 

were always set by experts (professional musicians, conductors, acousticians). That is, the mental 59 

scheme of non-experts was not taken into account when designing the questionnaires. This 60 

approach could lead to erroneous results since non-experts may misunderstand concepts set by 61 

experts. Studies have shown that professional musicians have a different conceptual structure 62 

from that of the non-musicians [18-22]. For instance, the interviewee and the interviewer may 63 

interpret the attribute reverberant differently, and this would make the results difficult to 64 

interpret. Furthermore, as experts filter the information to assess, some of the parameters 65 

appreciated by non-experts may never be evaluated. These particular disadvantages have been 66 

tackled by techniques such as the Semantic Differential method (SD).  67 

SD, also known as Differential Semantics, is a useful tool designed by Osgood et al. [23] to 68 

quantify the affective meaning of concepts. It is very often used to investigate users’ perceptions 69 

of product form. This method studies product semantics by means of adjectives and expressions 70 

which reflect users’ emotional impressions and measures users’ perceptions on a Likert scale. 71 

Many researchers have used this technique to study particular aspects of product form: colours, 72 

shapes, styles, comfort and many other attributes in product design. Furthermore it has been 73 

applied in different market sectors, including the automotive industry [24], housing design [25], 74 

building sector [26,27], mobile phone industry [28], and environmental acoustics [29].  75 

SD is the main tool for applying Kansei Engineering. KE is an ergonomic consumer-oriented 76 

technology for new product development [30]. It was developed in the 1970s at the Kure 77 

Institute of Technology (Hiroshima, Japan). This technique is based on the principle that an 78 

individual’s judgement is not only influenced by the stimuli (combination of objective and 79 

subjective parameters) but also by the scheme of concepts of a concrete group of users 80 

(semantic space). Thus, this method allows quantifying users’ perceptions of a product in their 81 

own language and relates these subjective responses to particular design features. KE consists 82 

of several phases. In the first stage, users’ perceptions of a particular product must be captured 83 

in their own words by collecting as many expressions and words (kansei words) as possible to 84 

define the semantic space of the product. In this stage, SD is an essential and useful instrument 85 

for achieving this objective. Then, the semantic space must be reduced to a limited number of 86 

words, and the Affinity Diagram is an appropriate technique for this purpose [31]. These words 87 

are then transformed into several uncorrelated factors that define users’ perceptions of the 88 

product. Principal components factor analysis is a very useful tool in this step [32]. Finally, these 89 
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factors must be translated into design elements in the real product to satisfy individual 90 

preferences. Therefore, KE is a very useful instrument for studying users’ emotional impressions 91 

which may differ from those of experts [33-35]. Many studies have used SD, within the frame of 92 

KE to analyse users’ perceptions of a multitude of products: automotive industry [24,36]; mobile 93 

phones [37]; office furniture [38]; footwear design [39,40], beer cans [41] and even acoustics 94 

and sound perception [42-44]. Nevertheless, to our knowledge, this technique has been not 95 

applied to date in the field of music hall acoustics with the aim of measuring the human response 96 

of users. This paper therefore aims to establish a methodology to define valid evaluation scales 97 

for different collectives and determine evaluation criteria related to the overall assessment of 98 

the acoustics of music halls (opera houses, theatres and venues for classical music and orchestra 99 

performances). The objective was to determine the evaluation concepts used by experts and 100 

non-experts collectives to express their value judgements in this field of study. The SD method 101 

within the frame of Kansei Engineering was used to achieve this purpose. In this way, it was 102 

possible to identify which attributes determined the overall opinion of users to evaluate music 103 

hall acoustics from criteria defined by the users themselves; and the same in the case of experts. 104 

The evaluation concepts were then used to analyse differences between the emotional 105 

responses of both collectives. Since perception depends on two main aspects: physical-objective 106 

parameters and subjective evaluation; the ultimate and future aim of this research is to detect 107 

and try to improve emotional response, link it to physical parameters and finally translate it into 108 

design elements that improve the overall quality of music halls. This issue has been never tackled 109 

before in the sphere of music halls and this research may help to shed some light on this empty 110 

field of study. 111 

2. MATERIALS AND METHODS 112 

The methodology consisted of two main activities: firstly, select a representative sample of 113 

expert and non-expert users of music halls. Secondly, select a sample of music halls across the 114 

region of Valencia (Spain) to be assessed by the sample of users according to a set of acoustic 115 

qualities. The region of Valencia was chosen for its long and rich musical tradition. In this region 116 

there are more than 350 musical societies, and an annual international music contest has taken 117 

place in the city of Valencia since 1886 with the participation of leading orchestras from Europe 118 

and around the world.  119 

2.1. Subjects  120 

A sample of 310 participants (74 experts and 236 non-experts) was collected. This sample 121 

comprised users of concert halls in different towns and cities in the region of Valencia. The 122 

selection technique was simple random sampling for non-expert users, who were contacted 123 

before the performance at the music hall. Expert users (professional musicians, acousticians, and 124 

conductors) were contacted through the chiefs of the auditoria who provided a list of experts 125 

willing to participate in the study. Then, simple random sampling was used to select them. Table 126 

1 shows statistical data on the participants. 127 

A control sample which did not participate in the initial study was reserved to validate the 128 

results. This sample consisted of 29 questionnaires related to two particular concert halls.  129 

2.2. Questionnaire 130 

 Two blocks composed each questionnaire. The first block gathered objective information on 131 

the individual (gender, age, relation with music halls, concerts attended per year, preferred type 132 

of concert and usual location in the venue). The second block contained subjective information 133 
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about the perception of acoustic parameters represented by a group of 27 adjectives and 134 

expressions. The first step to obtain this set of expressions involved applying the SD method to 135 

collect as many adjectives as possible (kansei words) to describe the product domain [35]. All 136 

available sources must be used to obtain the most comprehensive choice of words: scientific 137 

papers, specialized bibliography, acoustic journals, magazines and the internet. The aim of 138 

collecting as many adjectives and expressions as possible, was to gather a set of words able to 139 

reflect any possible perception about a specific acoustic attribute of a concert hall. The process 140 

finished when no new words appeared. According to Schütte et al. [35], the final set can vary 141 

between 50 and 600 words depending on the particular field of study. These kansei words form 142 

the initial semantic universe, which in our case comprised 162 adjectives related to music hall 143 

acoustics. However, this number of words is too large to be included in a questionnaire. Hence, 144 

it was necessary to reduce the initial number of words and several techniques are available for 145 

the purpose [45]. This study used the Affinity Diagram, which groups semantic descriptions 146 

according to their affinity [31]. The grouping was made by 2 professional musicians, 2 147 

acousticians and 2 non-expert users as follows: (a) the kansei words were transferred onto post-148 

it notes, so that each note contained only one expression; (b) the notes were grouped by 149 

similarity or affinity (Fig. 1); the grouping process ended when all the ideas or words were 150 

gathered, and (c) each group was given a title or heading that represented all the kansei words 151 

in the group. The set of expressions finally obtained formed the reduced semantic universe, 152 

which in our case was composed of 27 adjectives. These adjectives were evaluated through a 5-153 

point-Likert scale ranging from totally disagree, disagree, neutral, agree and totally agree.  154 

A new variable was included to show the global opinion of the user from the expression 155 

“Considering the whole set of features I think this is a good music hall from the acoustic point of 156 

view”. This variable was also evaluated through the above Likert scale.  157 

2.3. Stimuli  158 

The stimuli used to carry out the field study consisted of 17 concert halls: opera houses, 159 

theatres and venues for classical music and orchestra performances (Table 2) in two provinces 160 

of the Valencia region with a long musical tradition: Valencia and Alicante (Fig. 2). These music 161 

halls were selected so as to have a variety of large music halls in big cities like Valencia, Alicante, 162 

Xàtiva or Gandía and more modest venues in smaller towns. Fig. 2 illustrates their location in 163 

Spain. In order to increase variety in the stimuli we also chose newly constructed or recently 164 

restored auditoria and others with a long tradition. The extraction of semantic axes involves 165 

establishing relationships between many variables, and so responses in a broad range of 166 

judgements are needed. It is therefore advisable for users to give their opinions on a sample of 167 

music halls with a variety of characteristics. The subjects had to evaluate the acoustics of the 168 

music hall in situ, so they were “immersed” in the stimulus. It was decided to undertake the field 169 

study under these conditions rather than in the laboratory because lab conditions cannot 170 

represent real settings with 100% reliability.  171 

2.4. Development of the field study  172 

The subjects participating in the experiment were handed a questionnaire before the 173 

performance took place. Subjects were personally informed of the study objectives although the 174 

questionnaire also included instructions on how to fill it in correctly. Participants were asked to 175 

complete the questionnaire as soon as the performance had finished so that all the stimuli were 176 

fresh in their minds. In addition, they were told to express their opinions spontaneously to 177 

capture their first, true impressions. Finally, the completed questionnaires were collected.  178 
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The order of the questions was randomized, and five different models of questionnaire were 179 

created in order to avoid any bias in the subjects’ response. 180 

Completing the questionnaires took an average time of 10 min which was considered a 181 

reasonable interval to answer the questions before losing interest. 182 

2.5. Data processing  183 

Database answers were statistically processed with specific software: SPSS. 16.0. The 184 

following data processing procedure was applied:  185 

2.5.1. Identifying differences of perception  186 

To assess differences in perception between expert and non-expert users, the following 187 

analysis were made:  188 

(a) Differences in perception of the 27 acoustic expressions. Firstly, discriminant analysis was 189 

applied using ‘expert-non-expert’ as a grouping variable and the scores for the 27 adjectives 190 

as independent variables. Thus, it was possible to verify the hypothesis that expert and non-191 

expert users have a sufficiently different perception structure to be able to classify subjects 192 

by their responses. Efficiency of the discriminant function was evaluated by the eigenvalue 193 

of the discriminant function, canonical correlation and Wilks’ Lambda value. Then, the mean 194 

scores for each adjective were calculated for both collectives. Differences in the scores for 195 

experts and non-experts were analysed for each adjective to detect which parameters 196 

showed more differences in perception. Finally, ANOVA was used to determine whether the 197 

differences were significant (s.l. <0.05). 198 

(b) Differences in the importance of the 27 adjectives over the global assessment variable. The 199 

relationship between the 27 adjectives and the global assessment variable “good music hall 200 

alcoustics” was also studied using Spearman’s correlation coefficient for expert and non-201 

expert collectives. 202 

 203 

2.5.2. Identifying semantic axes  204 

Once differences of perception between expert and non-expert users were confirmed with 205 

the previous analyses, it was necessary to reduce the amount of information, in order to facilitate 206 

the next steps. Hence, it was essential to group the set of adjectives into semantic axes. These 207 

are uncorrelated variables that characterize the perception of a concrete product; a music hall 208 

in this case. Each axis is made up of a combination of adjectives from the original set so that it 209 

presents significant correlations in users’ responses. Thus, adjectives that usually have similar 210 

valuations are grouped and they are supposed to represent common concepts that users 211 

implicitly use to assess properties. Principal components factor analysis (PCA) was used to 212 

identify and extract the semantic axes [32]. Only principal components with eigenvalues greater 213 

than one were selected. Then, Varimax rotation was applied to obtain the factors.  214 

2.5.3. Perceptual space  215 

Once the semantic axes were determined, they were graphically represented so as to 216 

construct a visual perceptual space of the product “music hall acoustics”. However, the graphic 217 

interpretation of all the dimensions obtained from the factor analysis is very complicated when 218 

there are several axes. Therefore, only two main dimensions were represented; that is, the two 219 

axes which explain most of the sample variance. The advantage of this graph is that it shows the 220 

whole set of analysed attributes at once. Moreover, if vectors representing the variables are 221 
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temporarily removed, distances between parameters can be interpreted as similarities between 222 

them. Thus, it was possible to measure the semantic distances: the similarities and discrepancies 223 

between different concepts. Then, if the sample of stimuli evaluated by their scores on the two 224 

main axes is added to this perceptual space, it is possible to determine the position of each 225 

stimulus on this space.  226 

The perceptual space is a fundamental tool for evaluating a product from the user’s point of 227 

view, since it enables the identification of differences and similarities between music halls and 228 

their evaluation by the group of subjects. 229 

2.5.4. Ranking semantic axes according to importance in the global assessment  230 

In the next step, it was necessary to analyse the influence of each axis on the global 231 

assessment since it may be different. The attributes associated to the semantic axes represent 232 

common concepts which explain the perceived differences between acoustic properties from 233 

the user’s point of view. Therefore, in order to quantify the influence of each axis, linear 234 

regression analysis was applied and nonparametric Spearman correlation coefficient between 235 

factors scores and the overall opinion were used to obtain this ranking.  236 

2.5.5. Validation of the regression models and semantic profiles  237 

Finally, the previously obtained linear regression models had to be tested. A control sample 238 

which did not participate in the initial study was reserved for this purpose to validate the results. 239 

This sample consisted of 29 questionnaires related to two particular concert halls. The process 240 

consisted in comparing the real answers of the subjects with those predicted by the models. 241 

Thus, scores were obtained for each adjective in the questionnaires and then transformed into 242 

scores for the corresponding semantic axes. Using these scores, the predicted values were 243 

obtained through the linear regression models. Finally, these values were compared to the 244 

subjects’ responses to the global assessment. Results achieved in this stage were used to build 245 

the semantic profiles of the venues in order to compare them. The semantic profile is a diagram 246 

that represents the scores obtained in each semantic axis. Since factorial analysis provides scores 247 

centred in relation to the average of the analysed sample, the semantic profile allows 248 

visualisation of the relative position of a particular product (music hall) with respect to the mean. 249 

Moreover, it is possible to represent two or more profiles to compare their features. 250 

RESULTS 251 

3.1. Identifying differences of perception  252 

a. Differences in perception of the 27 acoustic expressions  253 

Table 3 shows the result for the discriminant analysis between experts and non-experts, 254 

revealing significant differences in the set of attributes assessed by both collectives (s.l. < 0.01). 255 

Table 4 shows significant differences between experts and non-experts in the ANOVA, for 256 

adjectives: powerful, reverberant, resounding, balanced, dissonant, harmonious and no 257 

background noise. Fig. 3 shows the averages for each adjective for the two groups ordered 258 

according to the magnitude of the difference. In general terms, experts are more critical, giving 259 

lower scores than non-experts. 260 

b. Differences in the importance of the 27 adjectives over the global assessment variable.  261 

Table 5 ranks the importance of the adjectives in the overall opinion by means of correlation 262 

coefficients for expert and nonexpert users; appearing in order for the column of non-experts. It 263 

can be noticed that these correlations were significant (s.l. < 0.001 in most cases), and there 264 
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were many high correlation coefficients (>0.5), what means very strong correlations between 265 

attributes and overall assessment. Results show that both collectives had different opinions 266 

when evaluating music hall acoustics so the adjectives were ranked in a different way. Focusing 267 

on the first positions, non-experts ranked: good direct sound; clear sound, sharp, well-defined; 268 

while the collective of experts ranked: clear sound, sharp, well-defined and not dull. Hence, it 269 

can be seen that Table 5 also presents attributes with negative correlations, whose “non 270 

presence” was evaluated in a positive way. Examination of these data evidence that experts 271 

appreciate the absence of certain defects: sound not dull (2nd place), not weak or poor (7th) 272 

and not distant (10th). 273 

3.2. Identifying semantic axes  274 

Table 6 shows the 5 uncorrelated factors obtained for the collective of non-experts by 275 

reducing the original set of 27 adjectives using principal components factor analysis (PCA). These 276 

factors explained 61.55% of the variance in the original variables:  277 

- 1st axis: it presents a strong correlation with the adjectives “accurate”, “wide dynamic 278 

range”, “good pitch quality”, “homogeneous”, “harmonious”, “with texture”, “balanced”, “no 279 

background noise”, “bright”, “clear”, “good direct sound”, “warm”, “natural” and “enveloping 280 

sound”. It has been interpreted as the dimension Fidelity and quality and explains 22.45% of the 281 

sample variance.  282 

- 2nd axis: it represents the dimension Power. It shows high positive correlation with the 283 

attribute “powerful” and negative correlation with “weak”, “distant” and “dull”. It explains 284 

14.43% of the variance.  285 

- 3rd axis: it groups the adjectives “intimate”, “soft” and “close” which have been interpreted 286 

as the dimension Intimacy. This axis explains 12.95% of sample variability.  287 

- 4th axis: it includes the attributes “bass enhanced”, “reverberant”, “resounding”, 288 

“dissonant”. It reflects the dimension Reverberation and explains 6.98% of the variance.  289 

- 5th axis: it represents the dimension Sound defects. It shows a positive correlation with the 290 

adjective “treble enhanced” and a negative value for “without echo”. It explains 4.74% of the 291 

sample variance. 292 

These 5 factors represent the semantic space for non-expert users, associated to music hall 293 

acoustics. Table 7 presents the 6 uncorrelated factors obtained for the group of experts. They 294 

explained 67.87% of the variance in the original variables: 295 

- 1st axis: it represents the dimension Balance and pitch quality understood as “good direct 296 

sound”, “good pitch quality”, “balanced”, “clear”, “warm”, “harmonious”, “close”, “accurate”; and 297 

has a negative relation with “weak”, “dull”, “distant” and “dissonant”. It is the main axis and 298 

explains 24.94% of sample variability.  299 

- 2nd axis: it reflects the perception of Intimacy and wide dynamic range. It shows high 300 

positive correlation with the attributes “intimate”, “wide dynamic range”, “homogeneous”, “with 301 

texture” and “natural”. Variance explained by this axis goes up to 15.17%.  302 

- 3rd axis: it refers to Power and brightness of the perceived sound. This factor includes the 303 

kansei words: “resounding” “treble enhanced”, “bright”, “reverberant” and “powerful”. It 304 

explains 7.42% of the variance.  305 
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- 4th axis: it shows the perception of “soft” acoustics so it represents the dimension Softness. 306 

It explains 7.14% of sample variance.  307 

- 5th axis: this axis presents high correlations between the adjectives “bass enhanced” and 308 

“enveloping sound”. It is associated with the concept Bass enhanced and it explains 6.98% of 309 

sample variability.  310 

- 6th axis: it shows the absence of sound defects; understood as “no background noise” and 311 

“without echo”. Thus, it represents the axis Without sound defects and explains 6.03% of the 312 

variance. 313 

As before, these 6 factors related to music hall acoustics compose the semantic space for 314 

expert users. Comparison of Table 6 and Table 7 shows that both collectives used different factors 315 

to evaluate the music halls. 316 

 317 

3.3. Perceptual space  318 

The perceptual space was built for both collectives taking as a basis the two main axes of each 319 

group: Fig. 4 shows the perceptual space for non-experts. The x-axis is represented by the factor 320 

with the higher load “Fidelity and quality”, followed by the factor “power” in the y-axis. Along 321 

the first factor, there is an opposition between the concepts: wide dynamic range, accurate, 322 

harmonious, good pitch quality, homogeneous (right) and bass enhanced (left). This axis 323 

separates music halls perceived as venues with high acoustic fidelity and rich in nuances from 324 

halls that lack those qualities. The second factor (y-axis) confronts the expressions: powerful, 325 

clear, balanced, bright, good direct sound, warm (upper side) with reverberant, resounding, 326 

dissonant, dull, distant, and weak (lower side). Therefore, this axis separates auditoria whose 327 

acoustics were appreciated for being powerful and clear from those whose acoustics were weak, 328 

poor and booming. Other structures can be found in addition to these factors: it is possible to 329 

find the opposition between “powerful-weak”, “clearresounding”, “good pitch quality-330 

dissonant”, etc.  331 

After visual analysis of the semantic space, the sample of stimuli (numbered dots) was 332 

included in this space to examine the relationships between the music halls and the set of 333 

expressions. The point of this graph was to study the similarity or discrepancy in individual 334 

perceptions of the different venues. The distance of each music hall to the concepts depicted in 335 

the semantic space allows each venue to be evaluated through these emotional impressions. 336 

Hence for instance, music hall number 12 was perceived as powerful, clear, balanced and with 337 

good direct sound; while music hall number 11 was perceived as dissonant, resounding, 338 

reverberant and dull. Therefore, the perceptual space is a useful tool for evaluating a music hall 339 

according to emotional impressions.  340 

At this point, it is possible to compare the results in Table 5 and Fig. 4. It can be seen that the 341 

concepts that mainly influenced the overall opinion of non-experts (those ranked first in Table 5: 342 

good direct sound, clear-well defined, good pitch quality, balanced, harmonious, bright.), are 343 

located in the upper-right side of the perceptual space (Fig. 4). Thus, venues positioned in that 344 

area should be the best considered. Therefore, it can be observed that music halls placed in the 345 

upper-right side of the graph are the best evaluated according to acoustic fidelity and power of 346 

sound (12, 4, 9, 7), while venues placed in the lower-left side are the least appreciated (1, 11, 16, 347 

2, 3). The distance between music halls depicted in this space implies similarity or difference in 348 
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perception; for instance, venues number 12, 4 and 9 evoke similar sensations, whilst they are 349 

perceived totally different from number 2 and 3 which appear opposite to them.  350 

Fig. 5 presents the perceptual space for the group of experts. This is ruled by the two main 351 

factors for this collective: “Balance and pitch quality” in the x-axis, and “Intimacy and wide 352 

dynamic range” in the y-axis. The first factor separates concepts such as: good direct sound, 353 

warm, harmonious, clear, balanced (on the right side) and distant, dull, weak, dissonant (on the 354 

left side). It means that this axis differentiates music halls with balanced and clear acoustics from 355 

those whose sound quality is poor and weak. Along the y-axis, the expressions confronted are: 356 

intimate, wide dynamic range, homogeneous, natural (in the upper side) and reverberant, 357 

resounding (in the lower part). Thus, it separates venues whose acoustics were perceived as 358 

intimate and homogeneous, that is, a sensation of well-being for the listeners; from those whose 359 

acoustics were perceived booming and resounding, which transmitted a sensation of discomfort. 360 

It is also possible to find opposing terms such as: “good pitch quality-resounding”, “clear-361 

reverberant” or “harmonious-dissonant”.  362 

Once more, when placing the set of stimuli in the graph (numbered dots) it can be observed 363 

that music halls located in the upper-right side (9, 10, 15, 11) received a positive evaluation for 364 

their balanced acoustics, good pitch quality, as well as for immersing the listener into an intimate 365 

atmosphere. In contrast, auditoria located in the lower-left side received negative scores in both 366 

axes. Therefore, acoustics of venue number 2 were perceived with a poor balance and pitch 367 

quality and lacking the sensation of intimacy. Others such as 3, 8, 17, lack balanced acoustics but 368 

had a positive rating on the intimacy axis. Opposite them, we find music halls numbers 13 and 369 

14, perceived as venues with good pitch quality and balanced acoustics but lacking intimacy. As 370 

before, it can be seen that stimuli located close together in the space were perceived in a similar 371 

way; while the greater the distance between them, the larger the difference in perception. 372 

3.4. Ranking semantic axes according to importance in the global assessment 373 

Linear regression model (Eq.(1)) was obtained for non-experts collective and it showed that 374 

the axes “Fidelity and quality” and “Intimacy” mainly determined the overall evaluation with 375 

high positive coefficients: b 0.636 and b 0.455 respectively. Next in importance appeared the axis 376 

“Power” with b ¼ 0.359. Last, the axis “Sound defects” contributed with a small negative 377 

coefficient of b  0.099. Finally, the axis “Reverberation” was excluded from the model since it did 378 

not have a significant influence on the global assessment (s.l. 0.065). This analysis showed a high 379 

linear correlation coefficient (0.809). 380 

Acoustics Global Assessment (non-experts)        (1)  381 

In the case of expert users, the axes were ordered in the linear regression model (Eq. (2)) as 382 

follows: first the axis “Balance and pitch quality” with a coefficient of b  0.705. Second, the axis 383 

“Intimacy and wide dynamic range” whose load in the overall assessment was b 0.451; and last 384 

the axis “Bass enhanced” with a negative coefficient b 0.220. The remaining axes: “Power and 385 

brightness” (s.l. 0.271); “Softness” (s.l. 0.081) and “Without sound defects” (s.l. 0.395) were 386 

excluded from the model. The linear correlation coefficient of this model was 0.848.  387 

Acoustics Global Assessment (experts)       (2)  388 

Comparing (Eqs. (1) and (2)) it can be observed that, even if all factors were rated 0 in both 389 

models, the collective of non-experts tend to give higher valuations (0.633) than the experts 390 

(0.431). 391 
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3.5. Validation of the regression models and semantic profiles A control sample which did not 392 

participate in the initial study was reserved for this stage. The sample consisted of 29 393 

questionnaires related to two particular concert halls (Fig. 6).  394 

Table 8 shows the real and predicted values for the global assessment variable and deviation, 395 

for experts and non-experts. The real value corresponds to the mean of the real scores for the 396 

global assessment. Then, the predicted value is obtained by replacing the mean scores for each 397 

factor of the regression models. As Table 8 shows, the real and predicted values were very similar 398 

in all cases. Thereby apparently confirming the reliability of the models and their validity for this 399 

research.  400 

Once the strength of the models was tested, it was interesting to compare the evaluation of 401 

the music halls in the control sample by means of their semantic profile. These represent the 402 

scores obtained in each semantic axis, and they were calculated for the expert and non-expert 403 

collectives. Fig. 7 shows the semantic profiles of venue V1 and V2 for the non-expert group. It 404 

can be seen that evaluation of the axes with higher loads (F1: “Fidelity and quality”; F2: “Power” 405 

and F3: “Intimacy”) had a direct impact on the global assessment, as the previous models 406 

predicted. Hence, Fig. 7 shows that venue V1 received positive ratings on these axes and 407 

therefore the global assessment reached 1.58. However, venue V2 obtained poorer ratings for 408 

F1, F2 and F3, so its global assessment was lower (0.31).  409 

The same graphs were calculated for experts (Fig. 8). In this case, the main factors F1: 410 

“Balance and pitch quality”; and F2: “Intimacy and wide dynamic range”; received positive scores 411 

for venue V1 and consequently its overall assessment reached a good value: 1. On the contrary, 412 

music hall V2 received a very negative evaluation on F1 and, despite having a positive value for 413 

F2, the score for its global assessment was considerably reduced: -0.5. 414 

DISCUSSION 415 

This work aims to apply SD in the frame of Kansei Engineering to define valid evaluation scales 416 

for different collectives and determine evaluation criteria related to the overall assessment of 417 

the acoustics of music halls. This is the first step in defining subjective evaluation scales that 418 

enable perceptions to be related to physical acoustic variables.  419 

The studies consulted on the subjective evaluation of music halls reflect the opinions of 420 

experts [2-4,7] or non-experts [6,8,17] based on concepts or attributes always defined by experts 421 

(professional musicians, conductors, acousticians). That is, the mental scheme of non-experts 422 

was not taken into account when constructing the questionnaires. This approach could lead to 423 

erroneous results as the criteria and qualities reflected in the assessment questionnaires might 424 

not be recognised by users, thereby conditioning the evaluation process itself. In this work the 425 

use of SD is proposed to obtain subjective evaluation scales adapted to the language of each 426 

group without expert intervention. This technique has often been used in the field of Kansei 427 

Engineering for product design, but has not been used to design music halls.  428 

The results of the first comparison (Section 3.1) confirm the initial hypothesis that experts 429 

and non-experts understand the acoustic qualities in a different way. This finding has been 430 

demonstrated by the application of multivariant techniques (discriminant analysis, Table 3) and 431 

univariant techniques (ANOVA, Table 4). Thus, the results show that expert and non-expert users 432 

have a different mental scheme and, therefore the significance of the set of attributes on the 433 

overall acoustic assessment of a venue is different for each group (Table 5). These differences in 434 

perception make it clear that data should be treated in a separate way for both collectives.  435 



Submission to Building and Environment, Elsevier 

11 
 

Furthermore, it can be observed that experts are more critical in their evaluation. This finding 436 

is explained by the fact that for this collective the “non presence” of several qualities in a music 437 

hall is also important. For them it is very important that the acoustics are not dull, weak, poor or 438 

distant. That is, experts not only evaluate the presence of “good attributes” but also the absence 439 

of non desirable ones. In any case, Table 5 shows that both collectives present high correlations 440 

among the adjectives and the global assessment variable, which confirms that non-experts also 441 

have a coherent criterion although different from the experts. The different evaluation structures 442 

can be seen in the semantic axes obtained from the PCA for each group. The non experts 443 

identified 5 factors or independent axes (Table 6) whereas the expert users appear to be more 444 

demanding when assessing a music hall since they use one more factor (6 factors; Table 7). This 445 

may also confirm that this collective perceive more nuances in the acoustics. The axes cannot be 446 

compared directly as they gather different information; however, the first two axes or any other 447 

pair can be used to represent the music halls graphically in the perceptual space to see how the 448 

two groups of users perceive them. Hence, observing Figs. 4 and 5 some similarities and 449 

discrepancies may be carefully established for both collectives. Acoustics of venues numbers 2 450 

and 3 were perceived by experts and nonexperts as dull, distant, weak, poor and dissonant. Both 451 

collectives agree in their opinions about the acoustics of venue number 12 which were perceived 452 

as clear-well defined, good direct sound and warm. Conversely, both groups differ completely 453 

when evaluating other music halls. Venue number 10 was perceived by nonexperts as 454 

reverberant, resounding and dissonant; while experts evaluated it as balanced, with clear sound 455 

and good pitch quality. Venue number 11 was perceived by non-experts as dissonant, dull and 456 

resounding; while experts judged it as powerful, bright and harmonious. We can find another 457 

example of disagreement in music hall number 16 which was perceived by non-experts as 458 

resounding and dissonant; while experts perceived it as warm and harmonious. Nevertheless, 459 

these comparisons must be taken as an orientation since, as it has been said, both collectives 460 

interpret some attributes in a different way.  461 

Furthermore the axes are independent of each other for each group, so the impact of each 462 

attribute on the global assessment of the music hall can be identified. The evaluation schemes 463 

obtained from the regression models (Eqs. (1) and (2)) show some interesting results. For the 464 

non-experts collective (Eq. (1)) the most influential factor was number 1 “Fidelity and quality”. 465 

This axis contained items related to accuracy of sound, wide dynamic range, good pitch quality 466 

and homogeneity of sound among others. This factor represents the attributes that this 467 

collective values most in a music hall. The second factor in the model was “Intimacy” which 468 

gathered the attributes: intimate, soft and close sound. The third axis in importance on the global 469 

assessment was “Power”, composed by the items: powerful, not weak, not distant and not dull. 470 

Finally, the absence of “Sound Defects”, understood as sound without treble enhanced and 471 

without echo was also appreciated by this collective. In contrast, analysing the model for the 472 

expert group (Eq (2).) it can be seen that the most influential factor on the global assessment 473 

was “Balance and pitch quality”. This axis joined attributes such as: good direct sound, good pitch 474 

quality, balanced, clear, warm, harmonious among others. The next factor in importance was 475 

“Intimacy and wide dynamic range” which contained the items: intimate, wide dynamic range, 476 

homogeneous, with texture and natural. Finally, the absence of “Bass enhanced” was relevant 477 

for this collective as well. Therefore, as it can be seen, both collectives use different models for 478 

evaluating the acoustics of music halls. The axes appear to be reliable as they have a high 479 

correlation with the global evaluation in both regression models. In addition, they were 480 

independently validated with 29 questionnaires on 2 halls which did not intervene in the 481 
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definition of the axes, showing an adequate level between the observed values and those 482 

forecast by the model.  483 

The results of this study are difficult to compare with other studies as no previous studies 484 

have applied Kansei Engineering to the activity of music halls. However, it is interesting to 485 

contrast some of the findings with previous works. The main axis determining acoustic comfort 486 

for non-experts “Fidelity and quality”, and for experts “Balance and pitch quality” represent 487 

emotional attributes which have not been deeply studied before as single factors. This fact must 488 

be taken into account in order to define specific design features of music halls which maximize 489 

the rating of these axes. In contrast, it is possible to find many studies on the attributes 490 

“Intimacy” and “Power”. It is worth noting the study by Beranek, L. [3], who concluded that 491 

“Intimacy” contributed up to 40% of the perceived quality of a music hall. In his study, made with 492 

expert subjects, this quality was three times more important in the overall assessment than the 493 

other attributes. Results of the present study show that “Intimacy” is also an important factor. 494 

Non-expert users ranked it 3rd in explained variance (12.95%; Table 6) and 2nd in importance in 495 

the overall assessment with a score of 0.455 (Eq.(1)). Besides, for expert users, the factor related 496 

to intimacy occupied the 2nd position in explained variance (15.17%; Table 7) and also ranked 497 

2nd in the overall assessment with a score of 0.451 (Eq.(2)). These results confirm that intimacy 498 

is an important factor for both collectives but not the main one. Regarding the axis “Power”; this 499 

attribute understood as loudness and power of sound, has been considered of great importance 500 

for many authors in their research [7,9,14,16]. Findings in the present study point in the same 501 

direction. Non-expert users ranked this factor 2nd in explained variance (14.43%; Table 6) and 502 

3rd in importance in the overall assessment with a score of 0.359 (Eq.(1)). Expert users, however, 503 

ranked power in 3rd place (7.42%; Table 7).  504 

Although Kansei Engineering has been much used in the field of user-friendly product design 505 

[24,36-41], it has not been applied to measure the acoustic quality of a music hall. SD can be 506 

used with different applications to hall design. Firstly, it offers a systematic method for obtaining 507 

subjective evaluation scales using independent valuation scales adapted to each collective’s 508 

conceptual scheme. This step is fundamental for studying, in a subsequent phase, the 509 

relationship between the physical parameters of music halls with subjective judgements, as that 510 

relationship can hardly be established if the users do not understand the concepts. This part is 511 

developed by Inverse Kansei studies [25]. Secondly, SD offers valuable information for design. 512 

Thus the semantic profiles in Figs. 7 and 8 show the differences in the evaluations of the expert 513 

and non-expert groups in each of the axes. This evaluation is interesting for acousticians and 514 

music hall designers since it enables visual comparison of a “product” (music hall) with its 515 

competitor; identifying and analysing its main features. This approach is fundamental when 516 

defining a future design or restoration strategies for this kind of venues.  517 

As regards the limitations of the study, the PCA technique extracts independent axes which 518 

explain more variance than the set of responses. Therefore, the stimuli must have sufficient 519 

variability. Because the study of acoustic perceptions requires work with real stimuli and not 520 

simulations, we had to use a sample of hall rooms broad enough to guarantee that variability: 521 

large and small concert halls, new and traditional, located in big cities and small towns, etc. The 522 

drawback is that the possible combination of design elements that may influence perception of 523 

the acoustics was given by the availability of those combinations in the real product. However, 524 

this limitation is not relevant in this stage of KE where the aim is to obtain a representation of 525 

the opinions of the music halls and it must be as varied as possible. The aim of the second stage 526 

of KE is to relate subjective perceptions with objective acoustic variables. In this phase it is 527 
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necessary to have a sample of music halls that combine all the potential design elements in a 528 

balanced way, in order to obtain predictive models. In any case, we consider that this technique 529 

can provide valuable information that takes into account the differences in perception in 530 

different collectives. 531 

CONCLUSIONS 532 

Semantic Differential offers a systematic procedure for identifying the attributes and qualities 533 

that best explain the differences in product evaluation (music halls in this case) for a given 534 

collective. Thus SD enables the definition of subjective evaluation scales adapted to each study 535 

collective, contrasting the extent to which the concepts being dealt with are appreciated by all 536 

the collectives and the degree of independence between those concepts. The use of PCA enables 537 

opinions on a wide variety of attributes to be grouped in a small number of variables to obtain 538 

axes adapted to users’ conceptual scheme. Thus valuation scales can be systematically extracted 539 

defined by those who are actually evaluating the product (whether they are experts or not). 540 

These valuation scales are formed by independent axes that explain the maximum variability. In 541 

short the procedure enables quantification of subjective perceptions and can even establish their 542 

impact on the global assessment.  543 

The identification of these independent attributes is very important in order to be able to 544 

relate, in a subsequent phase, the perceptions with the physical parameters that determine 545 

them. SD is the first step in the Kansei methodology whose ultimate objective is to understand 546 

the relationships between the physical variables and perceived acoustic quality. This initial phase 547 

is fundamental in the Kansei process as if the evaluation scales are based on attributes that 548 

cannot be appreciated by a collective of users, or concepts that manage overlapping information 549 

(not independent), it is very difficult to then find statistical evidence of the relationship between 550 

certain physical parameters and that collective’s perception of acoustic quality. 551 

 552 
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TABLES AND FIGURES 646 

Table 1. Data on the sample of subjects participating in the study. 647 

Gender Age Professional relation with music hall 

Male 171 59% <20 15 4.84% Experts 74 23.87% 

Female 139 41% 20–30 58 18.71% Non-experts 236 76.13% 
   

31–40 78 25.16% 
   

   
41–50 87 28.07% 

   

   
51–60 43 13.87% 

   

   
61–70 18 5.80% 

   

   
>70 11 3.55% 

  
 

 648 

 649 
 650 
 651 
 652 
 653 
  654 
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Table 2. Concert halls in the stimuli sample. 655 

 656 

 657 
 658 
 659 
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Table 3. Output of the discriminant analysis between expert and non-expert collectives. 660 

Eigenvalue 0.190 

Canonical correlation 0.399 

Wilks' Lambda 0.840 

Signification Level <0.001 

 661 

Table 4. ANOVA for expert and non-expert collectives. 662 

Source SS df MS F Sig Source SS df MS F Sig 

1. Powerful 5. Dissonant 

Inter-groups 7.717 2 3.859 3.950 0.020 Inter-groups 5.159 2 2.579 3.053 0.049 

Intra-groups 294.042 301 0.977 
  

Intra-groups 253.462 300 0.845 
  

Total 301.760 303 
   

Total 258.620 302 
   

2 Reverberant 6. Harmonious 

Inter-groups 8.615 2 4.307 4.473 0.012 Inter-groups 5.085 2 2.542 3.301 0.038 

Intra-groups 287.928 299 0.963 
  

Intra-groups 230.296 299 0.770 
  

Total 296.543 301 
   

Total 235.381 301 
   

3. Resounding 
 

7. No background noise 
 

Inter-groups 7.576 2 3.788 3.889 0.022 Inter-groups 10.012 2 5.006 3.079 0.047 

Intra-groups 294.182 302 0.974 
  

Intra-groups 489.409 301 1.626 
  

Total 301.757 304 
   

Total 499.421 303 
   

4. Balanced 
 

Inter-groups 5.663 2 2.831 3.326 0.037 
      

Intra-groups 258.793 304 0.851 
        

Total 264.456 306 
         

 663 

Table 5. Correlation between the 27 acoustic parameters and the global assessment variable. 664 

Non-experts Empty Cell Experts 

Signif. Level Correlation coef. Ranking Adjectives Ranking Correlation coef. Signif. Level 

<0.001 0.705 1 Good direct sound 6 0.546 <0.001 

<0.001 0.660 2 Clear sound. Sharp. Well-defined 1 0.631 <0.001 

<0.001 0.631 3 Good pitch quality 3 0.604 <0.001 

<0.001 0.630 4 Balanced 4 0.594 <0.001 

<0.001 0.613 5 Harmonious 11 0.482 <0.001 

<0.001 0.548 6 Bright. Lively 14 0.443 <0.001 

<0.001 0.536 7 Uniform. Homogeneous. Not 
Focused 

12 0.481 <0.001 

<0.001 0.528 8 Natural 8 0.519 <0.001 

<0.001 0.526 9 Warm 5 0.564 <0.001 
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Non-experts Empty Cell Experts 

Signif. Level Correlation coef. Ranking Adjectives Ranking Correlation coef. Signif. Level 

<0.001 0.513 10 Accurate 17 0.333 0.011 

<0.001 −0.491 11 Weak. Poor 7 −0.530 <0.001 

<0.001 0.488 12 Close 13 0.474 <0.001 

<0.001 0.478 13 Powerful N.S. 0.266 0.043 

<0.001 −0.440 14 Dull 2 −0.620 <0.001 

<0.001 0.433 15 With texture 9 0.492 <0.001 

<0.001 0.415 16 Wide dynamic range 18 0.337 0.01 

<0.001 −0.410 17 Booming. Resounding 16 −0.384 0.003 

<0.001 0.408 18 Soft 19 0.320 0.014 

<0.001 0.406 19 Enveloping sound 20 0.303 0.022 

<0.001 −0.405 20 Dissonant 21 −0.248 0.061 

<0.001 −0.404 21 Distant 10 −0.490 <0.001 

<0.001 0.385 22 Intimate 22 0.214 0.107 

<0.001 0.381 23 Without background noise N.S. −0.142 0.289 

<0.001 0.320 24 Without echo N.S. 0 1 

0.002 −0.207 25 Reverberant 15 −0.437 0.001 

0.087 −0.117 N.S. Enhances bass 23 −0.146 0.277 

0.322 0.068 N.S. Enhances treble N.S. 0.01 0.941 

Note: (N.S: not significant). 665 

 666 

Table 6. Range of meaning of kansei factor axes and representative terms for non-experts. 667 

Factor axes 
(Non-experts) 

Correlation with kansei words Variance 
explained 

1. Fidelity and 
quality 

Accurate (0.759), Wide dynamic range (0.752), Good pitch quality (0.702), 
Homogeneous (0.672), Harmonious (0.634), With texture (0.627), Balanced (0.606), No 
background noise (0.583), Bright (0.576), Clear (0.567), Good direct sound (0.543), 
Warm (0.525), Natural (0.460), Enveloping sound (0.413) 

22.45% 

2. Power Powerful (0.504), Weak (−0.819), Distant (−0.792), Dull (−0.734) 14.43% 

3. Intimacy Intimate (0.789), Soft (0.668), Close (0.574) 12.95% 

4. Reverberation Bass enhanced (0.720), Reverberant (0.609), Resounding (0.536), Dissonant (0.517) 6.98% 

5. Sound defects Treble enhanced (0.743), Without echo (−0.512) 4.74% 

  668 
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Table 7. Range of meaning of kansei factor axes and representative terms for experts. 669 

Factor axes 
(Experts) 

Correlation with kansei words Variance 
explained 

1. Balance and pitch 
quality 

Good direct sound (0.758), Good pitch quality (0.678), Balanced (0.673), 
Clear (0.661), Warm (0.625), Harmonious (0.568), Close (0.548), Accurate 
(0.490), Weak (−0.799), Dull (−0.738), Distant (−0.688), Dissonant (−0.650) 

24.94% 

2. Intimacy and 
wide dynamic range 

Intimate (0.804), Wide dynamic range (0.803), Homogeneous (0.714), 
With texture (0.575), Natural (0.568) 

15.17% 

3. Power and 
brightness 

Resounding (0.645), Treble enhanced (0.627), Bright (0.600), Reverberant 
(0.515), Powerful (0.494) 

7.42% 

4. Softness Soft (0.799) 7.14% 

5. Bass enhanced Bass enhanced (0.754), Enveloping sound (0.702) 6.98% 

6. Without sound 
defects 

No background noise (0.821), Without echo 0.526) 6.03% 

 670 

Table 8. Validation results of linear regression models. 671 

Empty Cell V1 V2 

Real value Predicted value Deviation Real value Predicted value Deviation 

Global assessment Non experts 1.58 1.24 −0.34 0.31 0.23 −0.08 

Experts 1 0.96 −0.04 −0.5 −0.35 0.15 

  672 



Submission to Building and Environment, Elsevier 

21 
 

 673 
Figure 1. Example of a group of words in the Affinity Diagram. 674 
 675 

 676 
Figure 2. Location of the concert halls in the Valencia region (Spain) VALENCIA: 1- Alzira, 2- Gandía, 3- Almussafes, 677 
4- Aielo de Malferit, 5- Quart de Poblet, 6- Alaquàs, 7- Torrent, 8- Burjassot, 9-Xàtiva, 10- Benifaió, 11- La Pobla de 678 
Vallbona and 12- Valencia. ALICANTE: 13- Denia, 14- Altea, 15- Alfàs del Pi, 16- La Vila Joiosa and 17- Alicante. 679 
 680 
 681 

 682 
Figure 3. Mean scores for the 27 adjectives for expert and non-expert collectives Adjectives ranked by differences 683 
between collectives: 1: no echo; 2: enveloping sound; 3: bass enhanced; 4: powerful; 5: no background noise; 6: 684 
reverberant; 7: weak; 8: good direct sound; 9: balanced; 10: homogeneous; 11: harmonious; 12: with texture; 13: 685 
bright; 14: intimate; 15: soft; 16: resounding; 17: wide dynamic range; 18: dull; 19: warm; 20: treble enhanced; 21: 686 
accurate; 22: good pitch quality; 23: close; 24: distant; 25: dissonant; 26: clear, well-defined; 27: natural. 687 
 688 
 689 
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 690 
Figure 4. Perceptual space for non-experts, containing expressions (black dots) and numbered sample of stimuli 691 
(music halls). The x-axis is represented by the factor with the higher load “Fidelity and quality”, and the next in 692 
importance “power” is represented in the y-axis. 693 
 694 

 695 
Figure 5. Perceptual space for experts, containing expressions (black dots) and numbered sample of stimuli (music 696 
halls). The x-axis is represented by the factor with the higher load “Balance and pitch quality”, and the next in 697 
importance “intimacy and wide dynamic range” is represented in the y-axis. Note: some music halls are not 698 
depicted in the graph due to a lack of expert data. 699 
 700 

 701 
Figure 6. Concert halls in the control sample for the validation process. 702 


