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Motivation

Within the research project Person-focused Analysis of
Architectural Design, it is a goal to elaborate a method
which categorizes architectural design based on vocabu-
lary describing audio-visual perception of built environ-
ments. The first step is to understand which dimensions
are of importance to assess and verbalize the percep-
tion. Such a vocabulary can be collected by applying ex-
perimental methods like individual vocabulary profiling.
Different from this approach, the present work retrieves
a corpus of words that originates from already existing
text-based sources.

First, a literature study summarizes descriptors for sen-
sory evaluations of auditory and visual perception. Then,
a selection of texts is performed, which is used to de-
velop and apply text mining. Concert halls show to have
well-known typologies and represent a controlled environ-
ment with respect to the activities which are performed in
those rooms. Furthermore, the acoustics in concert halls
is a critical quality criterion and known to be a cause
for public debate. Therefore, we focus on concert halls
in this study. The machine learning methodology to ex-
tract audio-visual attributes is explained, and the results
are briefly depicted. It is finally discussed whether text
mining helps to develop a reference vocabulary, aimed to
generally describe audio-visual perception.

Acoustic descriptors

The auditory perception in concert halls is closely related
to traditional research in acoustics as such. During the
last century, Michael Barron and Leo Beranek collected
and published psychoacoustic parameters to describe the
acoustics of concert hall and performance venues for clas-
sical music and operas [1, 2]. Individual participants’
judgments were collected by questionnaires showing pre-
defined lists of attributes. These judgments have been
performed during visits of public concerts.

A way to collect not only individual ratings but also indi-
vidual attributes to describe a space’s acoustical perfor-
mance, is the use of the technique called individual vocab-
ulary profiling (IVP). It has been introduced into acous-
tics by Kuusinen, Lokki and al. [3] in a reproducible lab-
oratory setting. Loudspeaker orchestra recordings were
used to reproduce the concert halls’ acoustics with a loud-
speaker array. Beside findings regarding the influence of
repertoire, listening position and individual taste on the
auditory perception [4, 5], their studies led to the so-
called wheel of concert hall acoustics (see figure 1). It
depicts 33 attributes across eight perceptual dimensions
(balance, timbre, clarity, reverberance, spatial impres-
sion, intimacy, loudness, and extraneous sounds).
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Figure 1: The so-called wheel of concert hall acoustics de-
veloped by [6].

The presented works focused exclusively on the auditory
perception. There has been only few approaches to study
a multi-modal perception of concert halls. Hyde pre-
sented a study on the influence of the visual stimulus on
acoustical intimacy [7]. But it neglects other auditory
dimensions.

Visual descriptors

To the knowledge of the authors, no studies exist with
the focus on describing visual perception in concert halls.
Key and Gross summarized architectural terms from lit-
erature with the goal of computing a spatial quality met-
ric [8]. They categorized the collected descriptions for
spatial qualities into seven main categories as displayed
in table 1 (left column). Another approach has been fol-
lowed by Coburn et al. [9] who studied psychological and
neural responses on pictures of interiors. From this, they
derived aesthetic descriptors (see table 1, right column)
which are regrouped around three principal components
(hominess, coherence, and fascination).

The descriptors found to be used to study the visual per-
ception are limited to visual stimuli only. Furthermore,
they are unspecific to concert halls and reflecting expert
terms from architects. Thus, we find a need for devel-
oping a non-expert vocabulary to describe audio-visual
perception in concert halls.
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Table 1: Descriptors for spatial qualities from Key and Gross
[8], aesthetic descriptors from [9]

Spatial qualities | Aesthetic descriptors
Enclosure Hominess Hominess

View Personalness
Privacy Naturalness
Geometry Coherence Beauty
Distance Organization
Feelings Fascination = Approachability
Proximity & Interest

relative location Complexity

Data collection

The data sources for this work are: The Guardian (TG),
New York Times (NYT) and Google News (GN). They
allowed free developer access to a large amount of news
articles which are considered to generally represent a non-
expert view with respect to architecture and acoustics.
The articles were selected when containing information
about one of the halls listed in table 2. The table shows
the distribution of the resulting ~ 5200 URLs over the
dataset. For the query of the articles’ URLs and fetching
the articles’ text, the Python libraries Beautiful Soup’
and Request? were used.

Table 2: Concert halls and number of articles/URLs per
data source

Concert hall GN TG NYT
Walt Disney Hall 1116 41 24
Kimmel Center for the Performing Arts 503 0 192
Sage Gateshead 373 302 0
Philharmonie Paris 270 30 74
Elbphilharmonie Hamburg 440 41 24
Philharmonic Hall Szczecin 51 5 0
Helsinki Music Hall 228 11 111
Danish Radio Concert Hall 352 1 137
Lotte Concert Hall Seoul 149 0 7
Esplanade Concert Hall Singapore 460 1 23
Shanghai Symphony Hall 220 1 7
4162 433 599

Data processing
The data post-processing comprised two parts,

1. Data filtering and cleaning,
2. Feature extraction and word embeddings.

Firstly, a number of documents showed to be irrelevant
or defective. Some documents only displayed error mes-
sages or event calendar entries instead of proper articles.
Furthermore, the content included text from web but-
tons (e.g. ”Search”, ”Skip”, ” Advertisement”, etc.) and
HTML tags (e.g. <p> for paragraphs, <hl>, <h2>
for headings, etc.). Those documents were removed.
Then, important documents were identified by the term
frequency-inverse document frequency (tf-idf). The num-
ber of resulting documents was 3,418 with a total of
3,223,039 words in the corpus.

Secondly, parts-of-speech tagging® was used to break the

Thttps://pypi.org/project/beautifulsoup4,/
2https://github.com/psf/requests/
Shttps://spacy.io
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documents into sentences and extract adjectives from the
corpus. Further on, only adjectives are considered in this
study since they usually have descriptive characteristics.
To determine the semantic embeddings of the extracted
adjectives, we apply the pre-trained Word2Vec model*
(word2vec-google-news-300). It provides two algorithms:
Skipgram and Continuous bag of words (CBoW), which
respectively predict context words for a given center word
and center words for a given context. In our study, we uti-
lized CBoW to predict the descriptors (adjectives) from
the context and utilized the generated embeddings for
further clustering.

Results

The word embeddings that have been derived in the pre-
vious step, can be used to group the adjectives into clus-
ters. The hypothesis was to find words, which are used in
a similar context and have a similar semantic meaning,
close together, i.e. within one cluster. Cluster centroids
(center words) were computed by agglomerative cluster-
ing based on the cosine similarity. We limited the clusters
to the centroid’s 20 nearest neighbors with a similarity
score greater than 0.5 in order to extract the most rel-
evant words per cluster. Below, four of the resulting 26
clusters are depicted under a generic term which classifies
the clusters according to the authors’ assessment.

e Musical expressions: lyrical, songful, trans-
portive, dissonant, languid, rhapsodic, melancholic,
astringent, poetic, expressive, unmannered, melodic,
hypnotic, mesmerizing, dreamy, cantabile.

e Geometrical forms and surfaces: metallic, con-
vex, translucent, perforated, horizontal, cylindrical,
curved, coffered, curvilinear, lattice, angular.

e Sentimental descriptors: lyrical, sardonic, melo-
dramatic, transportive, humorous, lighthearted, ab-
surdist, mawkish, surreal, melancholic, antic, poetic,
comical, creepy, poignant, amusing.

e Architectural interpretation: luxurious, comfy,
homely, rustic, moorish, serene, plush, opulent, re-
gal, swanky, warehouselike, cozy, coffered, tentlike,
grungy, curvaceous.

Discussion and Outlook

The presented text mining approach delivered a set of
descriptive adjectives which have been used in news ar-
ticles within the context of concert halls. Clusters were
derived from the Word2Vec model embeddings. They
match well with respect to the semantics. But there are
clusters that show significant overlap by containing the
same or similar vocabulary. This could be explained by
the used language model itself as Word2Vec delivers se-
mantic rather than contextual embeddings.

To compare the collected corpus to the expert terms
(acoustic and visual descriptors) from the reviewed lit-
erature above, we extracted their Word2Vec embeddings

4https:/ /radimrehurek.com/gensim/models/word2vec.html,
https://code.google.com/archive/p/word2vec/
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as well. Thereby, they could be located within the same
word space. Two main findings can be stated: Firstly,
most expert terms are not spread over the whole word
space but have rather similar embeddings. This holds
for both the acoustic and visual descriptors, respectively.
But secondly, a closer look to the single descriptors re-
veals that some dimensions/categories can be located
close together while others spread wider. For the acoustic
descriptors, the spread appears in particular for the di-
mensions "timbre”, ”extraneous sounds”, ”loudness” and
”reverberance”. For the visuals, the aesthetic descriptors
by [9] are less similar than the spatial desriptors by [8].

The next step will be to compare the Word2Vec model
with different embedding approaches to test the variabil-
ity of the derived clusters and dimensions. Furthermore,
it is planned to develop clusters by an expert panel as an
supervised alternative to the clusters derived above.

References

[1] Beranek, L.L. (2004). Concert Halls and Opera
Houses:  Music, Acoustics, and Architecture.
Springer.

[2] Barron, M. (2010). Auditorium Acoustics and Ar-
chitectural Design. Spon Press, New York.

[3] Lokki, T., Patynen, J., Kuusinen, A., Vertanen, H.
and Tervo, S. (2011). Concert hall acoustics assess-
ment with individually elicited attributes. The Jour-
nal of the Acoustical Society of America 130, 835-
849. https://doi.org/10.1121/1.3607422.

[4] Lokki, T., Péatynen, J., Kuusinen, A., Verta-
nen, H. and Tervo, S. (2012). Disentangling pref-
erence ratings of concert hall acoustics using
subjective sensory profiles. The Journal of the
Acoustical Society of America 132, 3148-3161.
https://doi.org/10.1121/1.4756826.

[6] Lokki, T., Pétynen, J., Kuusinen, A., Verta-
nen, H. and Tervo, S. (2016). Concert hall acous-
tics: Repertoire, listening position, and individ-
ual taste of the listeners influence the qualita-
tive attributes and references. The Journal of
the Acoustical Society of America 140, 551-562.
https://doi.org/10.1121/1.4958686.

[6) Kuusinen, A., & Lokki, T. (2017). Wheel
of concert hall acoustics. Acta  Acustica
united  with  Acustica, 103(2), 185-188.

https://doi.org/10.3813/AAA.919046.

[7] Hyde, J. R. (2002). Acoustical intimacy in concert
halls: Does visual input affect the aural experience?
Proceedings of the Institute of Acoustics, Vol. 24,
Pt. 4, July 2002.

[8] Key, S. & Gross, M. D. (2021). From architects’
terms to computable descriptions of spatial quali-
ties. Spatial Cognition & Computation, 21:3, 173-
196, DOI: 10.1080/13875868.2020.1862125.

[9] Coburn, A., Vartanian, O., Kenett, Y. N., Nadal,
M., Hartung, F., Hayn-Leichsenring, G., Navarrete,

1246

G., Gonzédlez-Mora, J. L., Chatterjee, A. (2020).
Psychological and neural responses to architectural
interiors, Cortex, Volume 126, 2020, Pages 217-241,
https://doi.org/10.1016/j.cortex.2020.01.009.



