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Abstract 14 

Acoustic quality of a music hall has been a topic of research of great interest over the last 15 
century. It has been studied through physical parameters (reverberation time, clarity factor, 16 
initial time delay gap, etc…) and also subjective parameters (intimacy, enveloping sound, 17 
warmth, etc…). Nevertheless, a concert in an auditorium is a multi-sensorial experience; so 18 
that the acoustic perception may be influenced by other non-acoustical parameters.  19 

Therefore, the aim of the present study is to analyze whether architectural variables (visual 20 
component) affect acoustic perception in concert halls and quantify this influence.  21 

This analysis is carried out implementing the Semantic Differential method and 22 
differentiating among experts and non-experts collectives. A total of 310 subjects 23 
participated in a field study in which the human response about acoustic and architectural 24 
parameters of 19 concert halls was collected. 25 

Results show that acoustic perception in music halls is influenced by the visual component 26 
and acoustic parameters have an influence on the assessment of architecture as well. This 27 
relation does not occur due to a conceptual confusion between both kinds of variables; since 28 
the entire set of users proved capable of gathering acoustic parameters apart from the 29 
architectural ones.  30 

On the other hand, when separating expert users in the musical field from non-expert users, 31 
it was found that experts, unlike non-experts, are able to isolate acoustic variables from 32 
architecture when evaluating the sound quality of a venue. This means that this collective is 33 
not influenced by the perception of architecture when judging the acoustics of a concert hall. 34 
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1. Introduction 37 

Acoustic perception in concert halls (opera houses, theatres and venues for classical music 38 
and orchestra performances) has been a topic of great interest for many years [1-9]. At a 39 
certain moment, it was thought that only one parameter was able to explain the acoustic 40 
quality of a music hall: the reverberation time [10]. However, later on, researchers came to 41 
realize that other physical parameters also influenced acoustic perception such as  early 42 
decay time [11]; initial time delay gap [5], spatial impression [12], clarity factors [13], gain 43 
factor [14] and interaural cross-correlation [1]. 44 

Some studies began to relate all these physical parameters to human response and the 45 
subjective evaluation they evoke in the listener such as intimacy, enveloping sound, clarity, 46 
loudness, balance and warmth [4,5,7,9,14,15]. This fostered the development of 47 
psychoacoustics, a new branch which studies acoustic subjective perception. However, 48 
attending a concert in a concert hall is a multi-sensorial experience [3,6,8]. This means that 49 
many variables may influence concertgoer perception besides acoustics; such as the visual 50 
component, temperature, lighting, comfort, or the architecture of the venue. Attending a 51 
concert in an emblematic and prestigious auditorium may exert a power of positive 52 
suggestion on the audience, even if the acoustics are not excellent: “Acoustics are a bit 53 
disappointing but “La Scala” has a great atmosphere and this distracts from the objective 54 
perception of acoustics…. testimony of a conductor” [7].  55 

Following this reasoning, a poor environment may cause a negative impact on acoustics 56 
perception, even if the sound quality of the concert hall is good. In this line, few studies have 57 
analyzed the influence of other non-acoustical parameters on users’ assessments of a 58 
concert hall [3,6,8], or the influence of the visual component [16]. None of these works, 59 
however, has specifically studied the influence of architectural attributes on subjective 60 
acoustics perception, or have even quantified this influence.  61 

The present proposal is aimed at analyzing the effect of architectural attributes on the 62 
acoustic assessment of concert halls, posing the following questions: To what extent do 63 
architectural attributes influence acoustic perception in concert halls? which specific 64 
architectural parameters exert this influence? can it be quantified? to achieve our goal it is 65 
essential to define the affective significance of concepts in an appropriate way.  66 

Many works have studied concertgoers’ subjective responses through questionnaires and 67 
tests to evaluate the acoustic quality of concert halls. Some of these experiences have 68 
analyzed the response of expert users (professional musicians, acousticians, conductors…) 69 
[2-4,7], non-expert users [6,8,17], or both collectives [18]. However, in all these 70 
experiences the concepts and attributes for evaluation were always set by experts; thus the 71 
mental scheme of non-experts was not taken into account when designing the 72 
questionnaires. This approach could lead to erroneous results since non-experts may 73 
misunderstand concepts set by experts. In fact, some studies have shown that professional 74 
musicians have a different conceptual structure from non-musicians [19-23] making the 75 



results difficult to interpret. Moreover, as experts filter the information to assess, some of 76 
the parameters appreciated by non-experts may never be evaluated. These specific 77 
drawbacks have been tackled by techniques such as the Semantic Differential method (SD).  78 

SD is a tool that allows the affective meaning of concepts to be measured [24]. It was 79 
developed by Osgood et al [25] to analyze semantic structures and to quantify the affective 80 
meaning of things. This method studies product semantics by means of adjectives and 81 
expressions which reflect users’ emotional impressions and measures users’ perceptions on a 82 
Likert scale. It is a standard procedure that assumes an underlying structure in the semantic 83 
evaluation of products which it analyses using factor analysis. This technique studies the 84 
correlation matrixes for the scores for terms over a set of products. Many researchers have 85 
successfully used this technique to investigate users’ perceptions of product form in different 86 
market sectors: housing design [26], the construction industry [27,28], automotive industry 87 
[29], mobile phone industry [30], environmental acoustics [31], or computer rendering [32]. 88 
This present work applies SD in the field of concert halls.      89 

This paper aims to analyze the relation between acoustic and architectural variables in 90 
concert halls from a perceptual point of view. This analysis uses the SD method and 91 
differentiates between experts and non-experts. This will enable us to determine whether the 92 
interaction between acoustics and architecture perception occurs in both groups, or whether 93 
the collective of experts is able to isolate acoustic perception from architecture.  94 

 95 

2. Material and Methods 96 

The methodological development focused on a field study which collected interviewees’ 97 
evaluations of the stimuli.  98 

2.1. Subjects 99 

A total of 310 subjects participated in the study (74 experts and 236 non-experts).  This 100 
sample comprised users of concert halls in different towns and cities in the region of 101 
Valencia. The selection technique was simple random sampling for non-expert users, who 102 
were contacted before the performance at the concert hall. Expert users (professional 103 
musicians, acousticians and conductors) were contacted through the chiefs of the auditoria 104 
who provided a list of experts willing to participate in the study. Then, simple random 105 
sampling was used to select them. Table 1 shows statistical data on the participants.  106 

2.2. Questionnaire  107 

Three blocks composed each questionnaire. The first block gathered objective information on 108 
the subject (gender, age, concerts attended per year, kind of music mostly listened to at the 109 
concert hall and usual location in the venue). The second block contained subjective 110 
information on the perception of acoustic parameters, and the third block contained 111 
subjective information on the perception of the architecture. These parameters were 112 



expressed through a group of 27 acoustic adjectives and 26 architectural expressions in 113 
spanish. The first step to obtain this set of expressions involves collecting as many adjectives 114 
as possible (kansei words) to describe the product domain [33]. All available sources must 115 
be used to obtain the most comprehensive choice of words: scientific papers, specialized 116 
bibliography, acoustic journals, magazines and the internet. The aim of collecting as many 117 
adjectives and expressions as possible, was to gather a set of words able to reflect any 118 
possible perception about a specific acoustic and architectural attribute of a concert hall. The 119 
process finishes when no new words appear. According to Schütte et al [33], the final set can 120 
vary between 50-600 words depending on the particular field of study. These kansei words 121 
form the initial semantic universe, which in our case comprised 162 acoustic adjectives and 122 
259 adjectives related to architecture. However this number of words is too large to be 123 
included in a questionnaire. Hence, it was necessary to reduce the initial number of words 124 
and several techniques can be used for this purpose [34]. In this study the Affinity Diagram 125 
was used, which groups semantic descriptions according to their affinity [35]. The grouping 126 
was made by 2 professional musicians, 2 acousticians, 2 architects and 2 non-expert users 127 
as follows: (a) the kansei words were transferred onto post-it notes, so that each note 128 
contained only one expression; (b) the notes were grouped by similarity or affinity, the 129 
grouping process ended when all the ideas or words were grouped and (c) each group was 130 
given a title or heading that represents all the kansei words in the group. The set of 131 
expressions finally obtained formed the reduced semantic universe, which comprised 27 132 
adjectives related to acoustics and 26 architectural expressions. These were evaluated on a 5 133 
point Likert scale ranging from totally disagree, disagree, neutral, agree to totally agree. 134 

Two new variables were also included to show global user opinion with the expression 135 
“Considering the entire set of features I think this is a good concert hall from the 136 
architectural point of view” and idem about acoustics. These parameters were also evaluated 137 
through the 5 point Likert scale. 138 

2.3. Stimuli 139 

The stimuli for the field study consisted of 19 concert halls (opera houses, theatres and 140 
venues for classical music and orchestra performances) located in two regions of the 141 
Comunitat Valenciana (Spain) with a long musical tradition: Valencia and Alicante. These 142 
concert halls were selected to ensure variety: large concert halls in big cities like Valencia 143 
(8.105 inh.), Alicante (3,5.105 inh.), Torrent (8.104 inh.), and Gandía (7,5.104 inh.),  and 144 
more modest auditoria in smaller towns. In order to increase the variety of the sample of 145 
stimuli we also chose concert halls newly built or recently restored concert halls as well as 146 
historical ones. The stimuli were (see Table 2). 147 

The subjects had to evaluate the acoustics and architecture of the concert hall in situ, so that 148 
they were “immersed” in the stimulus. It was decided to undertake the field study under 149 
these conditions rather than in the laboratory because lab conditions cannot represent the 150 
real settings with 100% reliability.  151 



Figure 1 shows examples of auditoria used in the field study. The most relevant data for each 152 
venue was collected. 153 

2.4. Development of the field study 154 

The field study was developed as follows: participants were handed a questionnaire before 155 
the performance took place. Subjects were personally informed of the study objectives 156 
although the questionnaire included instructions on how to fill it in correctly. Moreover, 157 
participants were asked to respond the questionnaire as soon as the performance had 158 
finished so that they had all the stimuli fresh in their minds. In addition, they were told to 159 
express their opinions in a spontaneous way to catch their first, true impressions. Finally, the 160 
completed questionnaires were collected. It took an average time of 15 minutes to fill in the 161 
questionnaires which was considered a reasonable interval to answer the questions before 162 
losing interest.  163 

The order of the questions was randomized and five different models of questionnaire were 164 
created in order to avoid any bias in subjects’ responses. 165 

2.5. Data processing 166 

Data base of answers was statistically processed with specific software: SPSS. 17.0. Then, 167 
the following data processing procedure was applied in two phases: Phase I, in which 168 
perceptions of the entire set of evaluators were analyzed; and Phase II, where differences of 169 
perception between experts and non-experts collectives were identified.  170 

2.5.1. Phase I. Analysis of the set of evaluators’ perceptions 171 

2.5.1.1. Obtaining the semantic space of a concert hall 172 

In a first step, the authors wanted to determine if the total set of subjects was able to clearly 173 
differentiate in their mental scheme the acoustic parameters from architectural ones, using 174 
the entire set of adjectives. However, the amount of information had to be reduced in order 175 
to facilitate the next steps. Hence, it was essential to group the set of adjectives into major 176 
structures: the semantic axes. These are uncorrelated variables that characterize the 177 
perception of a specific product; a concert hall in this study. A combination of adjectives from 178 
the original set (acoustic and architecture) composes each axis so that these attributes 179 
present significant correlations with users’ responses. The technique used to identify and 180 
extract the semantic axes was principal components factor analysis (PCA) [36]. Only 181 
principal components with eigenvalues greater than one were selected. Axes with an 182 
eigenvalue greater than one suggest that it contains a portion of variability greater than that 183 
of an original variable. The contributions analysed were obtained after a Varimax rotation of 184 
the axes. Then, each semantic axis was given a representative label for the set of factor 185 
variables, where concepts with the highest contributions were the most representative. 186 
Finally, internal consistency of the axes was evaluated by Cronbach’s alpha coefficient [37].  187 

2.5.1.2. Visualizing evaluators’ perceptual space  188 



The factors that define the perceptual space of the concert halls were then represented 189 
graphically. However, graphic interpretation of all the dimensions obtained from PCA is very 190 
complex when there are several axes. Therefore, it was facilitated by only representing the 191 
two dimensions (axes) with the greatest explained variance. This preference mapping 192 
enables visualisation of the set of expressions analysed in a common space. Moreover, if 193 
vectors representing the variables are temporarily removed, distances between points can be 194 
interpreted in terms of similarity. Thus, the semantic distances, understood as similarities 195 
and differences between concepts, can be analysed as well. Besides, if the sample of stimuli 196 
is also added to this perceptual space (through their scores for the two components) it is 197 
possible to determine the position of each stimulus in the space and therefore, determine its 198 
assessment.  199 

This tool is basic for evaluating products from the user’s point of view, by permitting 200 
identification of the differences and similarities between them. 201 

2.5.1.3. Preference models for the set of evaluators  202 

The aim of this step was to determine whether architectural factors influence the subjective 203 
assessment of the acoustics and whether acoustic factors influence the evaluation of the 204 
architecture of the concert hall. Therefore, it was essential to analyse the influence of each 205 
axis on the global assessment (acoustic and architecture) since it may be different.  206 

The attributes associated to the semantic axes represent common concepts which explain 207 
perceived differences between acoustic and architectural properties. Thus, in order to 208 
quantify the influence of each axis, linear regression analysis was applied. 209 

2.5.2. Phase II. Exploring perception differences between experts and non-experts 210 

2.5.2.1. Identifying perception differences between experts and non-experts 211 

In order to determine significant differences of perception between these collectives, an 212 
ANOVA was run. Factors that constitute the semantic space were used as dependent 213 
variables, while the variable that represents “acoustic formation” acted as factor. The 214 
purpose was to confirm, as established in prior studies on the subject [16,32,38], that both 215 
collectives present significant differences in perceptions and must therefore be analyzed 216 
independently. 217 

2.5.2.2. Obtaining preference models for experts and non-experts to assess a concert hall 218 
from acoustic and architectural perspectives. 219 

Regression analysis was used to rank the axes which influence the global assessment of a 220 
concert hall from the acoustic and architectural point of view for each collective of subjects. 221 
This analysis enabled identification of significant factors in the evaluation of these venues by 222 
experts and non-experts. 223 



2.5.2.3. Identifying semantic distances in the assessment of the concert halls by experts and 224 
non-experts 225 

In this phase, the perceptions of experts and non-experts were analyzed for each concert 226 
hall in order to identify the auditoria showing greater discrepancies between the assessments 227 
of both collectives. Therefore, perceptual space was built and semantic distances were 228 
calculated. These distances show the degree of consistency in product perception for two 229 
different groups of subjects; so that the greater the distance, the worse the consistency. 230 
Considering the two dimensions depicted in the perceptual space, the semantic distance 231 
between experts and non-experts’ assessment can be measured through the expression 232 
[30]: 233 

 234 

where x and y are the average scores for the venues in the sample for axes 1 and 2.  235 

 236 

3. Results  237 

3.1. Phase I. Analysis of the set of evaluators’ perceptions 238 

3.1.1. Obtaining the semantic space of a concert hall 239 

Factor analysis compiled the initial set of 53 expressions (27 acoustics + 26 architecture) to 240 
10 independent factors, able to explain 63.84% of the variance (see Table 3).  However, 241 
according to Cronbach’s alpha coefficient [37], values below 0.6 show an unacceptable level 242 
of reliability in exploratory studies. Therefore, the 10 dimensions obtained were reduced to 7 243 
whose values ranged from 0.608 to 0.937; showing that these scales have considerable 244 
reliability.  245 

According to Table 3: 246 

Axis 1 represents “acoustic quality, harmony and balance”. It is composed of the following 247 
acoustic items: good pitch quality, harmonious, balanced, good direct sound, clear sound, 248 
powerful, warm, bright, homogeneous, natural, close, with texture, not weak, not dull, wide 249 
dynamic range, faithful sound, not distant, enveloping sound, soft and not dissonant. It 250 
explains 28.76% of the variance in the original variables. 251 

Axis 2 represents “original and innovative architecture” and it comprises solely adjectives 252 
related to architecture: original-different, innovative, elegant, luxurious, modern, lively, 253 
stylish shape, emblematic-prestigious, quality materials, light-filled. It explains 8.84% of the 254 
variance. 255 

Axis 3 corresponds conceptually to “well organized-functional”, including  expressions 256 
exclusively related to architecture: organized, ordained, practical distribution, well-257 



proportioned, good view of stage, good interior circulation, quiet-peaceful, comfortable, 258 
incomparable setting, wide, versatile, formal. This factor explains 5.53% of the sample 259 
variability. 260 

Axis 4 represents the concept “classic-baroque style”, whose main descriptors are: classic 261 
architecture, very ornate, baroque. It explains 4.68% of the variance. 262 

Axis 5 refers to the dimension “reverberant” and is composed of the acoustic items: 263 
reverberant, resonant and dissonant. It explains 3.43% of the variance in the original 264 
variables. 265 

Axis 6 represents the sensation of “intimacy”. The descriptors that contribute to this 266 
dimension are: intimate, cozy, warm, soft and close. It explains 3.09 of the variance. 267 

Axis 7 corresponds to “no background noise”, which comprises the items: no background 268 
noise perceived, timeless, faithful sound and wide dynamic range. It explains 2.80% of the 269 
sample variance. 270 

Finally, factors with Cronbach’s Alpha values below 0.6 were eliminated due to their low 271 
consistency: Axis 8 “treble enhanced”, Axis 9 “bass enhanced”, Axis 10 “without echoes”. 272 

3.1.2. Visualizing evaluators’ perceptual space 273 

The structure built by first and second principal component loadings was represented 274 
graphically (Figure 2). The x-axis is represented by the factor with the highest load “acoustic 275 
quality, harmony and balance”, followed by the factor “original and innovative architecture” 276 
in the y-axis. Along the first factor, there is an opposition between the concepts: pitch 277 
quality, direct sound, balanced, harmonious, clear sound (on the right) and weak, dull, 278 
distant, dissonant (left). This axis therefore separates concert halls perceived as venues with 279 
high acoustic fidelity from halls that lack those qualities. The second factor (y-axis) contrasts 280 
the expressions: original, innovative, elegant (upper) and dark, classic (lower). This axis 281 
separates auditoria with original and singular architecture from those perceived as classic 282 
and obscure.   Other structures can be found in addition to these factors, for example, the 283 
opposition between: “close-distant”, “powerful-weak”, “clear-resonant”, “modern-classic”, 284 
and so on. 285 

In order to obtain more information, the sample of stimuli (19 concert halls) was included in 286 
this perceptual space. The outcome is Figure 3. This image is very useful for determining 287 
whether a specific concert hall is well or badly rated and why; according to its distance from 288 
each adjective. The closer to the top right quadrant, the better the evaluation of the concert 289 
hall according to the two main dimensions. In contrast, the further away it gets (left-lower 290 
quadrant) the poorer the perception of the venue. Therefore, observing Figure 3 it can be 291 
seen that concert hall number 16 obtained a very good evaluation since it was perceived as 292 
an auditorium with original, singular architecture and good acoustics. However, on the 293 
opposite side, venue number 4 obtained a negative rating on the two main axes. Thus, 294 

http://www.sciencedirect.com/science/article/pii/S0360132312001679#fig4


distance between concert halls depicted in this space implies similarity or differences in 295 
perception. 296 

The utility of this graph is that it allows measurement of differences of perception between 297 
concert halls on the basis of a set of attributes. 298 

3.1.3. Preference models for the set of evaluators 299 

Once the axes have been obtained, the next step is to determine whether factors related to 300 
architecture have an impact on the acoustics assessment, and whether acoustic factors affect 301 
the architectural evaluation. Therefore, these axes were analysed in order to quantify their 302 
influence on the overall evaluation. As a result, two linear regression models were obtained 303 
for the sample of subjects and the influence of the axes on the overall opinion could be 304 
quantified. 305 

In order to obtain this model, the variable “acoustics global assessment” was taken as the 306 
dependent one, while the 7 axes obtained before were the independent variables. The linear 307 
regression model showed 5 significant factors (s.l.<0.05) while the rest were excluded. The 308 
factor “acoustic quality, harmony and balance” mainly determined the overall evaluation with 309 
a high positive correlation of 0.735. Next in importance appeared the axis “Well-organized, 310 
functional” with a correlation of 0.295; followed by the axis “original and innovative 311 
architecture” with a load of 0.155. In the last positions appear the axes: “intimacy” which 312 
contributed with a correlation of 0.121 and “reverberant” with a negative correlation of            313 
-0.104. This analysis showed a high linear correlation coefficient (0.788) which confirmed the 314 
power of the model: 315 

{1}    Acoustics Global Assessment = 0.597 + 0.735 (Acoustic quality, harmony and balance) + 316 
0.295 (Well-organized, functional) + 0.155 (Original and innovative architecture) + 317 
0.121 (Intimacy) – 0.104 (Reverberant) 318 
 319 

Observing model {1} it can be seen that not only acoustic factors but also architectural ones 320 
are taken into account by the entire sample of subjects when evaluating the acoustics of a 321 
concert hall. Logically, the factor with the highest load is related to acoustic quality. 322 
However, the influence of architectural factors is not negligible since the second and third 323 
axes with the most influence relate to different architectural aspects: good interior 324 
organization, functionality, originality and innovation. 325 

Also remarkable is the fact that reverberation is perceived as a negative attribute, while it 326 
has been traditionally considered as a determinant parameter of concert halls. It is possible 327 
that this concept was misunderstood since subjects related it to the item “resonant”. 328 

In this case, the variable “architectural global assessment” was taken as the dependent one, 329 
and the 7 axes worked as independent variables. The linear regression model showed 6 330 
significant factors (s.l.<0.05) while the other one was excluded. This analysis showed a high 331 
linear correlation coefficient (0.797) which confirmed the power of the model: 332 



{2}  Architectural Global Assessment = 0.441 + 0.612 (Well-organized, functional) + 333 
0.414 (Original and innovative architecture) + 0.302 (Acoustic quality, harmony and balance) 334 
 + 0.162 (Intimacy) + 0.121 (No background noise) – 0.104 (Reverberant)  335 
 336 

As can be seen in model {2}, the factors with the highest impact on the assessment of the 337 
architecture are: “well-organized, functional”, “original and innovative architecture” and 338 
“acoustic quality, harmony and balance”, with high positive loads: 0.612, 0.414 and 0.302 339 
respectively. It is noteworthy that an acoustic factor is the third in importance. Next, appears 340 
the axis “intimacy” with a correlation of 0.162, followed by “no background noise” (0.121). 341 
As in model {1} the axis “reverberant” appears in the last position contributing with a small 342 
negative correlation of -0.104. The negative sign reveals that this factor was not positively 343 
appreciated by the subjects. Model {2} suggests that, not only architectural axes, but also 344 
acoustic factors influence users when evaluating the architecture of a concert hall. In 345 
summary, models {1} and {2} show that acoustics influence the perception of the 346 
architecture and vice-versa. 347 

3.2. Phase II. Exploring perception differences between experts and non-experts  348 

3.2.1. Identifying perception differences between experts and non-experts 349 

ANOVA was used to determine the existence of significant differences between experts and 350 
non-experts based on the semantic space. These differences were found (s.l. < 0.05) in the 351 
perceptions of “original and innovative architecture”, “classic, baroque style”, “reverberant”, 352 
“intimacy”, “no background noise” (Table 4). That is, 5 out of the 7 factors that shape the 353 
semantic space, present significant differences. These results show that experts and non-354 
expert users have different perceptions and therefore need independent analysis.    355 

3.2.2. Obtaining preference models for experts and non-experts to assess a concert hall from 356 
acoustic and architectural perspectives 357 

At this point, the perception factors were ranked according to their relation with the global 358 
evaluation of acoustics and architecture of the concert halls. For this purpose, regression 359 
analysis was used and models for both collectives were generated. 360 

For the collective of experts this model includes 2 significant factors, with a correlation 361 
coefficient of 0.784. The axis with major influence was “acoustic quality, harmony and 362 
balance” with a load of (0.711); followed by the factor “reverberant” with a negative 363 
correlation of (-0.284). That is, only acoustic factors affect this evaluation: 364 

{3}    (Acoustics Global Assessment)experts = 0.556 + 0.711 (Acoustic quality, harmony and balance)  365 
- 0.284 (Reverberant) 366 

 367 

In contrast, the model for the group of non-expert users reflects 5 relevant factors, with a 368 
correlation coefficient of 0.801. The axis with the greatest influence was “acoustic quality, 369 
harmony and balance” with a load of (0.745); followed by the factor “well-organized, 370 
functional” (0.280). The rest of axes that affect this evaluation are “intimacy” (0.149), 371 



“original and innovative architecture” (0.136) and “no background noise” (0.124). In this 372 
case, it can be observed that acoustic and architectural factors affect the evaluation: 373 

{4}    (Acoustics Global Assessment)Non-experts = 0.606 + 0.745 (Acoustic quality, harmony and balance) 374 
+  0.280 (Well-organized, functional) + 0.149 (Intimacy) + 0.136 (Original and innovative architecture) 375 
+ 0.124 (No background noise) 376 
 377 

The model for the experts collective includes 4 significant factors, with a correlation 378 
coefficient of 0.761. In the first position appears the factor “well-organized, functional” with 379 
a load of (0.544). It is followed by perceptions of “original and innovative architecture” 380 
(0.380); “reverberant” (-0.262) and “acoustic quality, harmony and balance” (0.245). Thus, 381 
acoustic and architectural factors participate in the model: 382 

{5}    (Architecture Global Assessment)Experts = 0.462 + 0.544 (Well-organized, functional) + 0.380 383 
(Original and innovative architecture) -0.262 (Reverberant) + 0.245 (Acoustic quality, harmony and 384 
balance) 385 
 386 

Finally, the model for non-experts is composed of 5 significant factors with a correlation 387 
coefficient of 0.811. First in importance is the dimension “well-organized, functional” (0.617). 388 
Then appears the factor “original and innovative architecture” with a load of (0.423), 389 
followed by the axes “acoustic quality, harmony and balance” (0.311), “intimacy” (0.154) 390 
and “no background noise” (0.124). The resulting model is: 391 

{6}    (Architecture Global Assessment)Non-experts = 0.420 + 0.617 (Well-organized, functional) + 0.423 392 
(Original and  innovative architecture) + 0.311 (Acoustic quality, harmony and balance) + 0.154 393 
(Intimacy) + 0.124 (No background noise) 394 
 395 

3.2.3. Identifying semantic distances in the assessment of the concert halls by experts and 396 
non-experts  397 

Once the relevant factors in the assessment of the concert halls have been identified, the 398 
intention is to determine where the greatest differences in evaluation are found.   399 

The degree of consistency in the opinions of expert and non-expert groups can be measured 400 
through semantic distances. These distances are calculated on the basis of the scores 401 
obtained in the two dimensions with the greatest explained variance: factor 1 “acoustic 402 
quality, harmony and balance” (x-axis) and factor 2 “original and innovative architecture” (y-403 
axis). Table 5 shows the calculation of the semantic distances for each venue. 404 

 405 

4. Discussion 406 

The purpose of this paper has been to analyze the influence of architectural attributes on the 407 
assessment of concert hall acoustics and, moreover, to quantify this influence. Two 408 
collectives of users were tested for this purpose: experts (professional musicians, 409 
acousticians and conductors) and non-experts.  410 



The findings of this study provide the following important outcomes: 411 

Firstly, analysis of the entire set of users (experts and non-experts) provided 7 axes which 412 
represented their mental schemes (Table 3). Moreover, it was observed that each axis 413 
gathered items exclusively related to its field: either acoustic items or architectural ones. 414 
This is a remarkable result since it confirms that users clearly separate acoustic and 415 
architectural attributes in their minds. That is, the conceptual structure is clearly defined 416 
since users are able to group acoustic concepts and separate them from the architectural 417 
attributes.  418 

Some of these axes can be compared to previous studies by other authors: 419 

The main axis determining acoustic comfort “acoustic quality, harmony and balance” 420 
represent attributes which have been widely studied by other authors who agree on its 421 
importance (clarity of sound [5,9,12,13], direct sound [7,8,13]; loudness [1,3,10,14]; 422 
enveloping sound [2,13]; spatial impression [12,14]; balance and warmth [2,3,7,14]). 423 

In contrast, the second and third factors in the order of importance “original and innovative 424 
architecture” and “well-organized, functional”, represent aspects entirely related to the 425 
architecture of the venue. These features have not been deeply studied before or considered 426 
as important attributes themselves. However, some authors have studied attributes related 427 
to perception of architecture in concert halls: Beranek mainly studied dimensions and 428 
materials [3], Hidaka studied the view of the stage and space between seats [7], and 429 
Satoshi Kawase studied how visual factors influence the audience when selecting a seat [16].     430 

The axis “reverberant” that is related to acoustic perception has been also studied by many 431 
authors. Sabine was the very first [10] by means of the objective parameter “reverberation 432 
time”; followed by many other authors [3,11,12,13]. This parameter has been traditionally 433 
related to the acoustic quality of a venue. However, as can be seen from the results of the 434 
linear model in this present paper, perception of reverberation was understood by users as a 435 
negative attribute for the quality of the venue.  436 

Finally, the axis “intimacy” which is related to acoustic perception, has been studied by other 437 
authors; in particular in the study by Beranek [3]. In his research he concluded that the 438 
sensation of intimacy contributed up to 40% of the perceived quality of a concert hall. As 439 
noted below, the linear model obtained in the present work shows that intimacy is an 440 
important factor for acoustic evaluation, but not the main one. Other authors also studied 441 
the “intimacy” factor [1,4,6,9,15].  442 

In addition to this comparison with other studies, it is also remarkable that the two axes that 443 
explain the most of the variance in the present experiment, represent the two most 444 
important factors when evaluating a concert hall: one acoustic (“acoustic quality, harmony 445 
and balance”) and the other architectural (“original and innovative architecture”). These are 446 
the axes that represent the semantic space for the entire set of users, which graphically 447 
depicted allows analysis of the relations between the perceptions of different concepts. 448 



When separating experts and non-experts, important differences may be observed in the set 449 
of factors (Table 4).These differences not only affect the perception of acoustic attributes but 450 
also the architectural ones. These facts are in line with other studies that have shown that 451 
professional musicians have a different conceptual structure from that of non-musicians [19-452 
23]. 453 

Some important aspects of the linear regression models are worth pointing out: 454 

As already established, the entire set of subjects (expert and non-experts) has a defined 455 
mental scheme since they clearly separate acoustic concepts from architectural ones; 456 
however, models show that in the process of evaluating a concert hall both kinds of 457 
attributes interact with each other. That is, architectural attributes influence acoustic 458 
perception (model {1}), and acoustic features also influence the perception of the 459 
architecture of the concert hall (model {2}). This means that both fields interact when users 460 
evaluate a particular venue. 461 

This fact changes, however, when the sample of subjects is analyzed independently. Models 462 
for non-experts also show the influence of architecture on acoustic perception and vice-versa 463 
(models {4} and {6}). But models for the collective of experts show a remarkable fact: 464 
model {3} confirms that when experts evaluate the acoustics of a concert hall, they only 465 
take into account acoustic attributes. There is no influence of architectural variables. This 466 
suggests that experts act very consciously when assessing acoustics, which may confirm 467 
their expertise in this field. Again, this finding agrees other experiments that show that 468 
professional musicians and non-musicians have a different mental scheme [19-23]. 469 
Nevertheless, when experts assess the architecture of the venue, acoustics do have an 470 
influence over it (model {5}).  471 

Finally, it is also remarkable that the axis “reverberant” is only included in the models set by 472 
experts ({3}, {5}) and with a negative correlation. It means that this factor is not relevant 473 
for the collective of non-experts, and moreover, experts do not appreciate a concert hall that 474 
is perceived as reverberant. This is a significant finding since the physical parameter 475 
“reverberation time” has traditionally been a measure of acoustic quality for this kind of 476 
venue [10]. Therefore, it is worth noting that the subjective perception of reverberation is 477 
not clearly linked with this parameter, or is even misunderstood.   478 

The semantic space is a useful tool for expressing differences of perception between experts 479 
and non-experts in graph form. This tool has also been used in other works [32]. Figure 4 480 
shows that experts are more critical in their evaluations since several of the venues they 481 
evaluated are located at the extremes of the graph. However, most of the ratings by non-482 
experts are in the centre of the graph (more moderate opinions). 483 

The greatest semantic distance between experts and non-experts (greater differences in 484 
perception) can be observed in venues 4 and 17. The graph indicates that this difference of 485 
perception is mostly due to “axis x” since these venues are far apart in the horizontal 486 
dimension. This means that experts and non-experts’ assessments are very different 487 



because of the evaluation of “acoustic quality, harmony and balance”, so they perceive this 488 
acoustic factor in a very different way. 489 

Similarly, concert halls that are very far apart in the vertical dimension are perceived in a 490 
very different way according to axis y:  “original and innovative architecture”. Thus, the 491 
cause of the difference in perception is mainly due to architectural factors. 492 

In summary, the semantic space is a very useful tool, since it allows study of the differences 493 
in perception between both collectives, and also indicates the cause of this difference: 494 
whether it is due to acoustic attributes (axis x) or architectural ones (axis y). 495 

As regards the limitations of this study, the main one has been working with real venues. In 496 
order to control for the effect of architectural variables on acoustics, one component should 497 
remain constant while testing different configurations of the other; and real venues do not 498 
allow this. However, it was very interesting for the authors to work in actual concert halls 499 
where architectural variables cannot be modified but the user is immersed in a 100% real 500 
experience. Nevertheless, in order to reduce the impact of this bias, the sample of venues 501 
was broad enough to guarantee variability: large and small concert halls, new and 502 
traditional, located in big cities and small towns so that the variables were randomized [39]. 503 

The definition of these perceptions or independent attributes is the first phase of Kansei 504 
Engineering (KE). So, further research may be conducted to identify the design elements 505 
that a concert hall needs to provoke an affective response in users (KE phase II); the 506 
ultimate purpose is to understand the relationships between the physical variables and 507 
perceived acoustic and architectural quality in concert halls. 508 

It would also be very interesting to study this topic in further experiments: if the collective of 509 
experts comprised only architects, would they evaluate the architecture of the venue taking 510 
into account only architectural factors without any influence of acoustics? Hence, it would be 511 
very useful to repeat this experience with a set of architects and non-architects.  512 

 513 

5. Conclusions 514 

The present work has analyzed the influence of architectural attributes on the acoustic 515 
assessment of concert halls. This has been studied for the collectives of experts (professional 516 
musicians, acousticians and conductors) and non-expert users.  517 

The main conclusion is that perception of architectural attributes influences the acoustic 518 
evaluation and, moreover, acoustic parameters influence the assessment of the architecture. 519 
That is, both kinds of attributes interact with each other in the evaluation process. However, 520 
this fact does not occur because users cannot differentiate acoustic concepts from 521 
architectural ones, since PCA showed the contrary. In addition, analyzing both collectives of 522 
users it was observed that only the group of experts proved capable of isolating acoustic 523 
variables from architecture when evaluating the acoustics of a concert hall. This means that 524 



they only take into account acoustic parameters when evaluating the sound quality of a 525 
venue. 526 

Furthermore, the Semantic Differential method can be used to identify the subjective 527 
preference factors behind the evaluators’ assessment of a product, in this case, concert halls. 528 
This technique (in the context of KE) enables the definition of subjective evaluation scales 529 
adapted to the evaluators, since the symbolic attributes are expressed in their own language. 530 
In the present work, this methodology has been used to obtain the response of experts and 531 
non-expert concertgoers, regarding the perception of acoustic and architectural attributes of 532 
concert halls. In addition, differences in perception between these two collectives have been 533 
identified and analyzed. The use of PCA (Principal Component Analysis) has enabled the 534 
quantification of subjective perceptions, and determination of their impact on the acoustic 535 
and architecture assessment of concert halls through linear regression models.  536 

Finally, the results of this research may be useful for future studies on acoustic and 537 
architectural quality, since the set of concepts representing the affective response to the 538 
visual and acoustic field in concert halls has been identified. 539 

Acknowledgements 540 

This research was supported by Ministerio de Economía y Competitividad. Spain (project 541 
TIN2013-45736-R) 542 

References 543 

 [1] Ando Y. Calculation of subjective preference at each seat in a concert hall. Journal of 544 
Acoustical Society of America 1983;74(3):873-87. 545 
[2] Barron M. Subjective Study of British Symphony Concert Halls. Acustica 1988;66(1):1-546 
14. 547 
[3] Beranek LL. Music, Acoustics and Architecture. New York: John Wiley and Sons INC; 548 
1962. 549 
[4] Farina A. Acoustic quality of theatres: correlations between experimental measures and 550 
subjective evaluations. Applied Acoustics 2001;62:889-916. 551 
[5] Fischetti A, Hemim Y, Jouhaneau J. Relations between Subjective Spatialisation, 552 
Geometrical Parameters and acoustical Criteria in Concert Halls. Applied Acoustics 553 
1992;37:233-47. 554 
[6] Hawkes RJ,Douglas H. Subjective acoustic experience in concert auditoria. Acustica 555 
1971;24:235-50. 556 
[7] Hidaka T, Beranek, LL. Objective and subjective evaluations of twenty-three opera 557 
houses in Europe, Japan, and the Americas. Journal of the Acoustical Society of America 558 
2000;107(1):368-83. 559 
[8] Semidor C, Barlet A. Objective and subjective surveys of opera house acoustics: example 560 
of the Grand Theatre de Bordeaux. Journal of Sound and Vibration 2000;232(1):251-61. 561 
[9] Wilkens H, Lehmann P. The connection between subjective judgements of concert halls 562 
and criteria of room acoustics. Acustica 1980;45:256-68. 563 



[10] Sabine WC. Collected Papers on Acoustics. Harvard University Press; 1922.  564 
[11] Jordan VL. A group of objective acoustical criteria for concert halls. Applied Acoustics 565 
1981;14:253-66. 566 
[12] Schroeder MR, Atal BS, Sessler GM, West JE. Acoustical measurements in Philharmonic 567 
Hall (New York). Journal of the Acoustical Society of America 1966;40:434-40. 568 
[13] Reichardt W, Abel Alim O, Schmidt W. Definition und Messgrunglage eines objectiven 569 
Masses zur Ermittlungder Grenze zwischen brauchbarer und unbrauchbarer Dutrchsichtigkeit 570 
bei musikdarbietung. Acustica 1975;32:126. 571 
[14] Gilbert Soulodre A, John Bradley S. Subjective evaluation of new room acoustic 572 
measures. Journal of the Acoustical Society of America 1995;98(1):294-99. 573 
[15] Schroeder MR, Gottlob D, Siebrasse KF. Comparative study of European concert halls: 574 
Correlation of subjective preference with geometric and acoustic parameters. Journal of the 575 
Acoustical Society of America 1974;56:1195-201. 576 
[16] Kawase, Satoshi. Factors influencing audience seat in a concert hall: a comparison 577 
between music majors and nonmusic majors. Journal of Environmental Psychology 2013; 578 
36,305:315 579 
[17] Chiang W, Wang W. Subjective assessment of broadband background noises in music 580 
auditoriums. Applied Acoustics 2002;63:103-15. 581 
[18]. Möller, H., Vehviläinen, S., Tishko, D., Wulfrank, T., Rozanov, S. Acoustic description of 582 
the Great hall of the Moscow P. I. Tchaikovsky Conservatory. Proceedings of 20th 583 
International Congress on Acoustics, ICA 2010. 584 
[19] Brandler S. Differences in Mental Abilities between Musicians and Non-Musicians. 585 
Psychology of Music 2003;31(2):123-38. 586 
[20] Kim JY, Belkin NJ. Categories of Music Description and Search Terms and Phrases Used 587 
by Non-Music Experts. School of Communication, Information and Library Studies. Rutgers 588 
University USA. 2002-IRCAM, Centre Pompidou. 589 
[21] Ohnishi T, Matsuda H, Asada T, Aruga M. Functional Anatomy of Musical Perception in 590 
Musicians. The psychology of music. 2nd ed. Academic Press; 1999.  591 
[22] Koelsch S, Schröger E, Tervaniemi, M. Superior pre-attentive auditory processing in 592 
musicians. Neuro-Report 1999;10:1309-13.   593 
[23] Münte TF, Altenmüller E, Jäncke L. The musician’s brain as a model of neuroplasticity. 594 
Nature Reviews. Neuroscience. Nature Publishing Group; 2002; (3), p. 473-78. 595 
[24] Ishihara, S., Ishihara, K., Nagamachi, M., Matsubara, Y. Analisis of Kansei structure on 596 
shoes using self-organized neural networks. International Journal of Industrial Ergonomics 597 
1997;19(2):93-104.  598 
[25] Osgood CE, Suci CJ, Tannenbaum PH. The Measurement of Meaning. Urbana, University 599 
of Illinois Press; 1957, p. 76-124. 600 
[26] Matsubara Y, Nagamachi M. Hybrid Kansei Engineering System and Design Support. 601 
International Journal of Industrial Ergonomics 1997;19(1):81-92. 602 
[27] Llinares C, Page A. Application of Product Differential Semantics to Quantify Purchaser 603 
Perceptions in Housing Assessment. Building and Environment 2007;42(7):2488-97. 604 



[28] Llinares C, Page A. Differential Semantics as a Kansei Engineering Tool for Analysing the 605 
Emotional Impressions which Determine the Choice of Neighbourhood. The case of Valencia, 606 
Spain. Landscape and Urban Planning 2008;87:247-57. 607 
[29] Jindo T, Hirasago K. Application Studies to Car Interior of Kansei Engineering. 608 
International Journal of Industrial Ergonomics 1997;19(1):105-14.  609 
[30] Hsu SH, Chuang MC, Chang CC. A Semantic Differential Study of Designers´ and Users´ 610 
Product Form Perception. International Journal of Industrial Ergonomics 2000;25:375-91. 611 
[31] Kang J, Zhang M. Semantic differential analysis of the soundscape in urban open public 612 
spaces. Building and Environment 2010;45:150-57. 613 
[32] Llinares, C., Iñarra, S. Human factors in computer simulations of urban environment. 614 
Differences between architects and non-architects’ assessments. Displays 2014;35:126-140. 615 
[33] Schütte Simon, T. W., Eklund, J., Axelsson Jan, R. C. & Nagamachi, M. Concepts, 616 
methods and tools in Kansei Engineering. Theory Issues in Ergonomic Science 2004;5(3): 617 
214-231. 618 
[34] Schütte S. Engineering Emotional Values in Product Design. Kansei Engineering in 619 
Development. PhD thesis. Linköping Universitet, Sweden; 2005, p. 4-5. 620 
[35] Terniko J. Step-By-Step Qfd. Costumer-Driven Product Design. St. Lucie Press; 1997. 621 
[36] Basilevsky A. Statistical factor analysis and related methods: theory and applications. 622 
New York: Wiley; 1994. 623 
[37] Cronbach, L. J. Coefficient α and the internal structure of the test. Psychometrika 624 
1951;16:297-334. 625 
[38]. Galiana, M., Llinares, C., Page A. Subjective evaluation of music hall acoustics: 626 
Response of expert and non-expert users. Building and Environment 2012;58:1-13. 627 
[39] Kish, L.. Survey sampling. John Wiley & sons. New York, USA. 1995. 628 

629 



 630 

Table Legends 631 

Table 1. Data on the sample of subjects participating in the study 632 

Table 2. Concert halls in the stimuli sample 633 

Table 3.  Range of meaning of kansei factor axes and representative terms for the entire 634 
sample of subjects (experts + non experts). α is the Cronbach’s Alpha coefficient 635 

Table 4. Comparison of axes scores across ANOVA analysis (experts and non-experts) results 636 

Table 5. Semantic distances between experts and non-experts for each concert hall (by 637 
descending order)638 



 639 

Figure Legends 640 

Figure 1. Example of concert halls in the stimuli sample (a) Palau de les Arts de Altea 641 
(Alicante) (b) Teatre Serrano de Gandía (Valencia).  642 

Figure 2.  Perceptual space for the entire sample of subjects (expert + non experts). 643 
Acoustic attributes are depicted in red; architectural attributes in blue. 644 

Figure 3. Perceptual space for the entire sample of subjects (experts + non experts), 645 
including the sample of stimuli (concert halls). Acoustic attributes are depicted in red; 646 
architectural attributes in blue. 647 

Figure 4:  Perceptual space for expert and non-experts including the sample of stimuli 648 
(concert halls). Acoustic attributes are depicted in red; architectural attributes in blue. 649 
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