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Figure 1: Dynamic topologies according to media types, response rate and interactions in time

(Still image from computer generated animation)

Abstract

This paper develops a spatiotemporal model for visualizing dynamic
topologies of hybrid spaces. The joint representation of spatiotem-
poral data is a well-known problem, for example in digital twins
and urban planning. There is also a lack of a basic ontology for
understanding hybrid spaces. Existing concepts and types of rep-
resentations of hybrid spaces are presented. The spatiotemporal
model is developed in three layers. The model was tested on the

The joint representation of real and virtual places also revealed
that range and urban density are equivalent concepts. Media can
be described as places. Multilocality could successfully be
mapped. Modality of hybrid spaces shows new relations
between media and transportation. Combinations of the
examination parameters allow a large number of different
dynamic topologies to be represented. Pattern recognition in
hybrid spaces enables further research and user experience
studies. The results of this study convey a new understanding of
urban space.
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1 Introduction

We live in hybrid spaces today. The display of our smartphones
shows the weather forecast. Navigation systems inform us in real
time about traffic jams and obstructions. Museums provide virtual
guided tours or online talks. Cities and municipalities are devel-
oping digital twins for energy management, urban planning and
architecture. The use of media is changing our conventional un-
derstanding of space. Most of the existing interactive applications
are three-dimensional and object-based. Spatial and temporal data
often remain separated. The joint visualization of spatiotemporal
data therefore remains a problem. The pervasion of real and virtual
spaces cannot be mapped operably and satisfactory in today’s soft-
ware applications [46]. There is also a lack of a basic ontology for
a common understanding of these two, often separately depicted
domains. Therefore this paper develops a spatiotemporal model for
visualizing dynamic topologies of hybrid spaces. The present ver-
sion is an abridged version of previous work published as a preprint
[13], supplemented by a new additional computer-generated 3D an-
imation. Figure 1 shows a still image from this computer-generated
animation. This paper contains a discursive part and a creative part
with an accompaning empirical study. The discursive part deals
with the most important existing concepts of hybrid spaces and
presents a selection of seven types of representations of hybrid
spaces. This is followed by a creative section in which the three-
leveled spatiotemporal model for the representation of dynamic
topologies of hybrid spaces is developed. The evaluation parame-
ters (media types, modality, range, interactions, response rate and
completion rate) are presented. The spatiotemporal model is then
applied and tested in the context of an art exhibition. The hybrid
setting of the art exhibition is described. The results of the exami-
nation and an accompaning online survey are presented. Attached
you will find a computer generated 3D animation showing one of
many other possible dynamic topologies of the examined hybrid
space.

2 Literature review

The literature review revealed three different concepts of hybrid
spaces.

• real spaces and virtual places
• places of individual perception and open space
• ambivalent space through anticipation and interaction

Figure 2: Space-time prism according to Lenntorp (1976),

Reprinted from Qin and Liao (2021), CC-BY 4.0 license [18].

Many authors dealt with the dialectics of real spaces and virtual
places [15] [7] [10] [42] [26] [29]. A second group examined places
of individual perception and open space [4] [44] [6] [8] [41] [36]
[17] [35] [30] [11] [39]. And a third group focused on concepts of
ambivalent space through human anticipation and interaction [16]
[5] [20] [19] [1] [45] [31] [25] [34] [43]. Additionally seven gen-
eral types of representations of hybrid spaces could be identified.
These representations include so-called (1) time maps (isochrone
maps and cartograms) [40] [28], (2) cognitive maps and network
diagrams [21] [22] [14], (3) space-time representations in computer
games (collaborative storytelling and authoring tools), (4) psycho-
geographic maps [3] [24] [2] or mind maps, (5) layer models and
activity maps, such as in the “locative arts” [32] [38]. And there are
(6) space-time prisms of time geography [12] [37] [18] and (7) space-
time diagrams in the natural sciences, such as the Minkowski and
Penrose diagrams. They especially focus on physical events [23].
Most interesting for this work revealed the distinction between
space and place after Kraan [15], Dourish and Harrison [7] and also
the concept of the topology of a space, as mentioned by Bernhard
Tschumi [43]. Moreover the representations of space-time prisms
in time geography and the space-time diagrams in the natural sci-
ences proved to be interesting for our following spacetime model.
Figure 2 shows a space-time prism with the potential path area
(PPA) according to Lenntorp [18] .

3 Materials and Methods

According to the three aforementioned concepts of hybrid space
(real spaces and virtual places, places of individual perception and
open space, ambivalent space through anticipation and interaction)
our spacetime model joins three levels: (A) real and virtual places
and media types, (B) perception and (C) time and interaction. Figure
3 shows the spatiotemporal model structure. The level of places and
media types is organized according to the reality-virtuality contin-
uum according to Milgram and Colquhoum [27]. It comprises both,
real and virtual places joined together on one level and the four
media types (primary, secondary, tertiary and quarternary media)
according to Faulstich [9]. Individual perception is mapped in the
level of perception. This level is structured according to Karl R.
Popper’s model of the three worlds: from top to bottom - world 3
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Figure 3: Spatiotemporal model structure

(knowledge and abstractions), world 2 (consciousness and mental
processes) and the world 1 (physical objects and states) [33]. The
third level of time and interaction corresponds to the representa-
tions of space-time diagrams in time geography and in the natural
sciences. Within this three-leveled domain, various dynamic and
three-dimensional topologies can be mapped according to the given
parameters of places, media types, range, response rate, completion
rate, time and interactions.

This model was tested on the occasion of an art exhibition. Places
and media types were mapped in the level of places and media types.
All media events were depicted in the level of time and interaction.
The hybrid media setup of the exhibition was illustrated in the level
of perception. Figure 4 shows a detailled illustration of the level of
perception with all elements of the hybrid perceptional setting of
the art exhibition. A total of 19 different media were used, including
face-to-face events, print-, online- and interactive media as shown
in table 1. The project lasted 184 days, the exhibition period lasted
61 days. 177 people were involved at 39 different locations in Europe
and the USA. An online survey with 14 participants examined the
correlations between the levels of perception and time and interac-
tion. Following parameter were recorded: the modality (MOD) of
used media types, the media range (RNG), number of medial interac-
tions (MIA), the response rate (MRQ) and the completion rate (COR).
Equations 1-5 show the calculation factors of the parameters.
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Table 1: Media types and used media

Media types Used media

P V Primary media Vernissage
P A Artist’s talk
P P Privatissimum

S A Secondary media Artworks
S I Invitation cards
S Q Questionnaires
S C Exhibition catalogue
S P Art postcards
S N Newspaper article

T T Tertiary media Telephone/Mobile
T E e-mails

Q C Quarternary media Online exhibition catalogue
Q M Online media portal
Q S Online survey
Q W Social media wall (Blog)
Q I Instagram
Q X X (Twitter)
Q L LinkedIn
Q Y YouTube

The correlations between these parameters were first depicted
in two dimensional bubble diagrams at the level of time and inter-
action. Figure 5 shows a sample of the level of time and interaction
with the correlation between response rate, interactions and time.
On the basis of this single case a computer-generated 3D animation
was created, showing a dynamic topology of this selected hybrid
space. Figure 1 shows a still image from this computer-generated
animation.

4 Results and Discussion

The online survey provided a positive correlation between media
use (modality) and individual activity (creativity). Participants with
higher media usage showed greater individual activity. However,
due to the low response rate by only 14 participants (MRQ=7,9%)
and an average completion rate (COR=21,43%) unfortunately the
online survey is not very representative. The online survey and all
other used media turned out as two different hybrid spaces. These
two could be distinguished according to the total number of partici-
pants (users), the media used and the mix of media types (modality).
Table 2 shows the generally used mix of media types.

The media range (RNG) could be successfully mapped in the
level of places and media types. Figure 6 shows the level of places
and media types with the range data of the individual media. The
number of people reached is shown in colored circular areas (1
person =̂ 1 pixel diameter). The media types are displayed in color,
as in Figure 3 (Primary media = green, Secondary media = red,
Tertiary media = orange, Quarternary media = purple). Immediately
recognizable there is the enormous range of the quaternary media
(purple) over all real and virtual places. The secondary media (red)
and tertiary media (orange) are just behind it.
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Figure 4: Level of perception - elements of the hybrid perceptional setting of the art exhibition

Figure 5: Level of time and interaction - response rate and interactions as incidents in time
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Table 2: Modality (MOD)

Media types Used media MOD

Q C Quarternary media Online exhibition catalogue 42,10%
Q M Online media portal
Q S Online survey
Q W Social media wall (Blog)
Q I Instagram
Q X X (Twitter)
Q L LinkedIn
Q Y YouTube

S A Secondary media Artworks 31,58%
S I Invitation cards
S Q Questionnaires
S C Exhibition catalogue
S P Art postcards
S N Newspaper article

P V Primary media Vernissage 15,79%
P A Artist’s talk
P P Privatissimum

T T Tertiary media Telephone/Mobile 10,53%
T E e-mails

The small green dots of the primary media appear only occa-
sionally. The concept of range describes the distribution of people
reached across all places. Range can be considered as an equivalent
to spatial or urban density. Urban density is one of the fundamental
parameters of urban and spatial planning. It is usually expressed
in inhabitants (I) per unit area (e.g: hectares of land (I/ha)). With
the media range (e.g.: number of people reached/medium), we thus
have an equivalent to the concept of urban density joining and
combining real and virtual places.

Media range (RNG), number of interactions (MIA) and the re-
sponse rate (MRQ) could also be successfully depicted in the level
of time and interaction. Figure 5 already has shown a sample of the
level of time and interaction with the correlation between response
rate, interactions and time. On this basis the computer-generated
3D animation was created. Additionally another four other com-
binations of the aforementioned research parameters could be de-
picted as two dimensional bubble diagrams. All these figures and
the computer-generated animation are available in the online re-
sources in appendix A. All research data of the online survey, all
tables and graphs can be found in the preprint version [13].

The three leveled spatiotemporal model proved to be very oper-
ational. Various dynamic topologies of hybrid spaces can be suc-
cessfully represented. It also allows to recognize patterns in the
dynamic topologies of different hybrid spaces. When developing
interactive applications, the three-leveled structure helps to better
classify code elements. It is capable to improve the software archi-
tecture and to create clearer software structures.

5 Conclusion and Perspectives

The joint presentation of real and virtual places revealed three
interesting results: range and urban density proved to be equivalent
concepts and media can be successfully described as places. The
concept of place itself loses its spatial primacy and can be described
as a function of the range of a medium. The depiction of range and
urban density in Figure 6 impressively shows the phenomenon of
simultaneous multilocality of media events in hybrid spaces, which
we experience in our daily lives today.

Different dynamic topologies of hybrid spaces can be mapped ac-
cording to various combinations of range, interactions and response
rate. Further representations of dynamic topologies between the
levels of places and perception would also be possible. These could
be interesting for upcoming user experience (UX) studies in a fu-
ture research project. According to the specific patterns of dynamic
topologies of hybrid spaces, interactive applications, social media
or even urban developments can thus be better analyzed, simulated,
evaluated and compared. The attached computer-generated 3D ani-
mation shows only one of several possible dynamic topologies of
hybrid spaces between the levels of places, time and interaction,
using the example of response rate and interactions. Even further
combinations of parameters can be visualized using the presented
spatiotemporal model.

Modality of hybrid spaces questions the usual relations between
media and transportation. They suddenly appear in a new light.
When you decide for a certain mix of media, simultaneously you
have made the decision for the referring means of transport. The
means of transport suddenly turn into a minor subfunction of media
range in the whole communication process. All this leads to a new
understanding of urban space.
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Figure 6: Level of places and media types - real and virtual places and media range
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A Online Resources

All supplemental materials are available on OSF at https://osf.io/
sfqmc/ released under a CC BY 4.0 license. In particular, they include
(1) an MP4 file containing the computer-generated animation and
(2) figure images in multiple formats.


