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Introduction
Architectural and urban environments are exposed to a
variety of judgments. Not only those who draw the plans
evaluate their design intuitively, but also those who ac-
tually use the space will always have a certain mood or
prejudice. Despite the diversity of recipients and their
perceptions, there is a lack of general agreement on which
reproducible methods can be used to evaluate architec-
tural design and space.

Reviewing literature, we found the following two ap-
proaches to be promising with regard to people’s per-
ception and to evaluate architecture and space: Multi-
dimensional sensory profiling based on auditory, visual
and audiovisual attributes with given attributes (cf. [7,
8]) as well as individual vocabulary profiling (IVP) which
is found to be used with restriction to one-dimensional
attributes, i.e. auditory perception (cf.[4, 5]).

Based on the work performed by Lokki, Lorho, Zacharov
et al., we propose an approach that uses individual vo-
cabulary to describe the subjective perception of a space
(cf. [4, 5, 6, 9]). We expect this to be a great advantage,
as perception varies greatly from individual to individual,
yet it promises to extract a common sense vocabulary.
We plan to use it as the basis for future studies that
build upon subjects’ judgments and ratings. Here, we
will sketch our first concept of the methodology that will
gradually be applied to various study cases.

Research Question
Our first aim is to apply techniques known from sen-
sory profiling to reproducibly study architecture and the
perception of space. For such sensory evaluations, the
corresponding senses are typically addressed separately,
divided into auditory or visual attributes. Complement-
ing a third perceptive modality (audiovisual) that com-
bines both auditory and visual perception could allow us
to evaluate both modalities at the same time, instead
of consecutively. This may increase authenticity as the
subject is not concentrating on one modality only but
assessing the whole impression.

Furthermore, we are interested in what vocabulary is
used to describe audiovisual perception compared to sep-
arate auditory and visual evaluation. For this, we will
collect case-specific audiovisual vocabulary for several
scenarios, such as daily scenes of urban squares and
parks, classrooms or music in concert halls (e.g. [2, 3]).
Examples of Llorca-Bof́ı et al. that can be adapted in
the level of modeling detail are shown in figure 1. Our

approach is to start analyzing recordings of real places
that have already been built. But the target is to deliver
a method which performs just as well when analyzing ar-
chitecture in virtual environments. Thus, it could be a
useful tool to apply already in an early design process
before a building is being constructed.

(a) Classroom (b) Public park (c) Concert hall

Figure 1: Exemplary study cases, cf. [2, 3]

Audiovisual Representation
As we aim for analyzing architecture that is or could
be actually built, we search for immersive experiences
able to deliver a complete picture of the studied scene.
Thus, we consider a 3D-audio and video representation
for experimental evaluation. For the recordings in our
first studies, we used

- 3D video: Insta 360 Pro2 to capture 7680 x 3840 px
(8K) 360° pictures,

- 3D audio: Zoom H3-VR, a first-order Ambisonic mi-
crophone.

For reproduction, YouTube can be used which is able to
play back 3D video in high resolution and incorporates
first-order Ambisonics. When watching these videos on
a screen, the degree of immersion is not as high as desir-
able. But it allows to rotate the view by adjusting the
sound accordingly. Moreover, it is easy to implement and
can be used for online surveys without additional effort.

However, for future studies we are going to implement
a system combining a visual renderer, such as Unreal
Engine, with a audio rendering tool, i.e. Virtual Acous-
tics [1]. This will allow us to study recorded, virtually
rendered as well as hybrid environments in cave-like en-
vironments or with head-mounted displays.

It will be a further research question how detailed virtual
representations have to be modeled and how simulations
can be compared to real-world recordings.
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Experimental Evaluation
Individual Vocabulary Profiling
The first phase of our experimental procedure is the de-
velopment of individual vocabulary. This means
that each participant has to brainstorm words in order
to describe his/her perception of the scene with individ-
ual vocabulary and assign attributes to what is seen and
heard. The participants are asked to not only develop
a list of vocabulary for each single scene (e.g. each per-
spectives on the same object), but one list for all studied
scenes (e.g. all perspectives).

This is followed by an elicitation in order to sort words
out that are not precise enough. This step causes high
effort since supervision is needed. Furthermore, it is a
trade-off between objectivity and people’s personal per-
ception which is not always reflected in objective param-
eters. It can already be stated that this is a challenge, es-
pecially when considering various cultural and linguistic
backgrounds where the same word could have a different
connotation.

The definition of scales is the third part. It comprises
the individual definition of upper and lower limits for all
resulting attributes. The last part is the rating on these
self-defined scales. With this, we expect to get authentic
ratings from each participant as he/she understands what
perception is related to which attribute.

Clustering
In order to make individual ratings comparable, they
need to be summarized into clusters. Each cluster rep-
resents one attribute and contains those attributes of
all participants that correspond to each other. What
is called Clustering I on the poster of this contribution
(see appendix), is the allocation of attributes to clus-
ters of either the visual or the auditory domain. Within
clustering Clustering II, the attributes are clustered into
visual, auditory and audio-visual domains (V, A, VA).

A comparison of both clustering approaches allows to an-
alyze the deviation of the attribute ratings based on the
AV domain from ratings based on the separate domains
A and V, i.e. when the participants are asked to evaluate
both domains separately. Furthermore, it has to be stud-
ied whether a purely statistical clustering approach will
be sufficient or experts must perform the categorization.

Summary and Outlook
The presented approach is meant to initiate a repro-
ducible methodology of capturing and representing ar-
chitectural and urban sceneries in order to evaluate them
under controlled experimental conditions. For this pur-
pose, we propose to use the individual vocabulary profil-
ing technique (cf. [4, 5, 6, 9]).

This approach seems to be promising for obtaining au-
thentic ratings. On the other hand, it is time consum-
ing, especially because we have so far personally revised
each participant’s attributes in order to obtain vocabu-
lary that is as objective as possible. In addition, statis-
tical analysis is a challenge, since one cannot necessarily
rely on automated pattern recognition, especially when

the amount of subject data is small. Moreover, it can
be expected that some attributes can be related to both
auditory and visual domain. It must be further studied
which predominates.

For the future, we plan to apply this approach to a va-
riety of scenarios including indoors and outdoors, real
recorded scenes or virtual environment. We will have
to investigate whether case-specific attributes need to
be developed individually for each particular scene, or
a general database of attributes will be sufficient. For
outdoors, certainly a number of complex factors play a
role, e.g. weather conditions. Our procedure is suited to
be performed as online experiment.
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Architectural and urban environments are exposed to a variety of judgements: from those who draw the plans to those actually using the space. Despite the diversity of perceivers of
such environments, there is a lack of agreement on which reproducible methods can be used to evaluate architectural design and space.
Based on the work performed by Lokki, Lorho, Zacharov et al., we propose an approach that uses individual vocabulary to describe the subjective perception of a space.[1, 2, 3, 4] We
expect this to be a great advantage, as perception varies greatly from individual to individual, yet it promises to extract a ”common sense” vocabulary. We plan to use it as the basis for
future studies that build upon subjects’ judgements and ratings.
Reviewing available literature, the following two approaches can be found: multi-dimensional sensory profiling based on auditory, visual and audiovisual attributes[5, 6] with given
attributes as well as individual vocabulary profiling (IVP) which is found to be limited to one-dimensional attributes, i.e. auditory perception[1, 2].
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The presented approach is meant to initiate a reproducible methodology of capturing and representing architectural and
urban sceneries in order to evaluate them under controlled experimental conditions. For this purpose, we propose to
use the individual vocabulary profiling technique (see [1, 2, 3, 4]).
This approach seems to be promising for obtaining authentic ratings. On the other hand, it is time consuming, especially
because we have so far personally revised each participant's attributes in order to obtain vocabulary that is as objective
as possible. In addition, statistical analysis is a challenge, since one cannot necessarily rely on automated pattern
recognition, especially when the amount of subject data is small. Moreover, it can be expected that some attributes can
be related to both auditory and visual domain. It must be further studied which predominates.
For the future, we plan to apply this approach to a variety of scenarios including indoors and outdoors, real recorded
scenes or virtual environment. We will have to investigate whether case-specific attributes need to be developed indi-
vidually for each particular scene, or a general database of attributes will be sufficient. For outdoors, certainly a number
of complex factors play a role, e.g. weather conditions. Our procedure is suited to be performed as online experiment.

360° video Ambisonics audio
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Visual Audiovisual Auditory

Complementing a third percep-
tive modality (audiovisual) that
combines both auditory and
visual perception could allow us
to evaluate both modalities at
the same time, instead of con-
secutively. This may increase
authenticity as the subject is not
concentrating on one modality
only but assessing the whole
impression.
Furthermore, we are interested in
what vocabulary is used to de-
scribe audiovisual perception
(audiovisual attributes) compared
to separate auditory and visual
evaluation. For this, we will
collect case-specific vocabulary
for several scenarios, such as
daily scenes of urban squares
and parks, classrooms or music
in concert halls (e.g. [7, 8]).
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The attributes development:
Subjects describe their percep-
tion of the scene with individual
vocabulary. This includes the
definition of scales.[3]

Rating the scenes based on the
self-developed scales.
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Clustering I
All rated attributes are summa-
rized into corresponding clusters.
There exist clusters for both
visual and auditory attributes.
They also comprise audiovisual
attributes that can be assigned to
either one or the other domain.
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Clustering II
The attributes are clustered into
the visual, auditory and audio-
visual domain (V, A, VA). Com-
pared with clustering I this allows
to analyze the deviation of the at-
tribute ratings based on the AV
domain from ratings based on the
separate domains A and V.
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Appendix: Poster
The appendix shows the poster as presented during the session Umgebungslärm on August 16 at the 47th Annual
German Conference on Acoustics 2021 (DAGA 2021) in Vienna, Austria.
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