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Previous research (Bourdakis et al, 2012; Papasarantou et al, 2013) dealt with
the problem of creating information visualisation systems capable of combining
historical data of MUCIV's database and developing strategies that embed the
non-spatial data in spatial models. The database was primarily designed as an
experimental flexible spatio-temporal configuration of dynamic visual structures
generating a variety of narrations through interaction.The attempt of producing a
legible configuration driven by a number of criteria, led to the proposition of two
different arrangements, namely the linear and radial array. The aim of this paper
is to present the next step on the visualization after redefining both the way that
thematic axes and data are visualized and arranged\/scattered. Alternate
configurations are investigated, based also on theoretical analysis on the
conceptualization and perception of information visualization systems (Card et al
1999, Ware, 2004).
Keywords: Information visualization, Museum dataset, Spatio-temporal
configuration, Interactive timeline, Multi-touch display

INTRODUCTION
DeMuCiV (Designing the Museum of the City of Volos) is a Research program, funded by the Greek
Ministry of Education and the European Union, concerning the development of interactive content for
the Museum of the City of Volos (MuCiV), in central
Greece. The Museum is managed by the Archive, Museum and Library Direction of the city of Volos in a
renovated industrial building.
Previous research (Bourdakis et al, 2012) deﬁned
the period from 1840 to present time as the historical framework of MUCIV. One of the main tasks/goals
is the creation of an interactive (digital) timeline that
organize museum's database in a ﬂexible conﬁguration generating a variety of narrations through in-

teraction. Therefore, appropriate ways of representing the dataset were investigated over the last two
years. The historical framework and a number of criteria that were set based on this framework, as well
as the literature review on information visualization,
were the guidelines on deﬁning the representational
schema.
The conﬁguration of the dataset, as far as geometry of data and their spatiotemporal arrangement
over time is concerned, was investigated. The variable of time was perceived as static and as the main
axis along which data are cited or expanded through
chronological succession. Two methods of arrangement, namely linear and radial, were tested. Each of
them was able to create a model that could meet the
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demands of some of the criteria but not all of them.
Legibility was the principle criterion for proceeding
to the revised conﬁguration.
In the revised conﬁguration proposed, a radial
array was selected as the method of organizing the
three thematic axes along time since this method improves mapping of interconnectivity and produces
a more legible structure. Thematic axes were represented as cylinders while data were depicted as blobs
(3D spatiotemporal solids/objects).
After testing the revised timeline model on a
60inch multi-touch table/display, a number of disadvantages were identiﬁed most important being the
lack of legibility in walk through mode and the subsequent sense of confusion to the users. Thus a new
conﬁguration was tested. That needed the entire geometry of the model to be re-explored. The variable
of time was not designed as a straight line, but rather
as a spiral (or helix). The radial array was preserved
as a method of organizing the historical content, but
the thematic axes were increased to four. It is argued
that this new model is not only able to organize museums dataset in a dynamic spatiotemporal structure
that facilitates the exploration of the historical content but also to sustain a large number of data in a
legible and easy perceptible conﬁguration.

INFORMATION VISUALIZATION THEORIES
AND GRAPHICAL APPROACHES ON TIMELINE
The process of information visualization is deﬁned as
the graphical representation of a dataset in such a
way that a whole information network can be embedded/engaged on a perceptible structure (Hasan
et al, 2013: 30). It is a data mapping procedure that
aims to assist users in examining a dataset and in
communicating its content to other users (Carlis and
Konstan, 1998: 1). The graphical representations produced from this procedure are usually able to simplify
- visually and perceptibly- a complex information network (Hasan et al, 2013: 31).
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As it had also been highlighted on previous work
(Papasarantou et al, 2013), information visualization
systems can be conceived as adjusted mappings of
data to visual structures designed for human perceivers (Card et al., 1999, p.17). Thus, a basic task
for an eﬀective visualization is to ﬁnd out the representation schema for the classiﬁcation of data. The
schema needs to be compatible with user's perception and correspond to his/her mental (and physical)
skills; while its structure has to be ﬂexible in order to
be redeﬁned when new data are imported (Card et
al., 1999). It is essential to create layers of information
in order to prioritize the stages of diﬀerent visualization. It is also important to produce models that support investigation, as well as the exploration and the
manipulation of the embodied (to the entire dataset)
data (Purchase et al, 2008: 47). Human cognition is
also an important parameter that should be taken
into consideration since it relates to "issues of representation and interaction" (Liu et al, 2008: 1180). As
Wright (1995) states, abstract information visualization should (also) focus on human judgment and perceptual strengths in order to "provide a more natural
framework".
An example of graphical representations produced from the procedure of information visualization is timeline. A timeline aims to present multiple or series of events that have occurred over time
(Hasan et al, 2013: 27). Hasan (2013: 28) highlights
that there are two main categories of timeline visualizations, namely "timeline view" and "calendar view".
However most of the representations use the parameter of time as the basis or as the network for representations to be organized. The reason that timeline
visualizations are mostly applied is the way that human perception works and the fact that mental activity needs a "ﬁnite state of time" in order to adjust
behaviours to sequence of events aﬀorded by the environment (Hasan et al, 2013: 29).
Studying the manners of creating a dynamic
timeline that can attribute the content of the history
of photography, Kullberg (1996: 386) highlights that
solutions concerning interactive design are mostly

applied for communication reasons and for the successfulness of an uninterrupted reading and representation of information in multiple layers and perspectives. Thus, a number of techniques related
to cinema are adopted (inﬁnite zoom, translucency,
and animated visual transition) in order for the information to be attributed and manipulated in an
abstract three-dimensional environment (Kullberg,
1996: 386).

MUSEUMS DATABASE
As it has already been mentioned, the objective is
to design a ﬂexible three dimensional visual structure that will be able to organize the museum dataset
(through the axis of time) and to correlate and create
densiﬁcations between data in multiple ways.
Every record included in the database is characterized by the axis, topic, section, subsection, type
(text, image etc.) and the date. The goal is to codify those parameters to numerical coordinates in order to automatically map and embed the records to a
three dimensional spatiotemporal structure that represents museum's timeline. This structure has to be
able to organize in a perceptible and legible way, the
content of the database and facilitate the access (to
the content) through the active interaction with the
entire model, or / and parts of it.

CRITERIA
In order to interpret and represent the variables that
each record contains in graphical form, a vocabulary
of two and three-dimensional geometries (shapes,
colours) has to be created. The links that compose
and organize the 3d vocabulary to graphical informational patterns of data need to be dynamic in order to
correspond to the variables and thus facilitate mapping, while the nature of links (and consequently the
way data are organized) have to be determined by
the following criteria:
• content coherency
• signiﬁcance (inﬂuence in a historical context)
• eﬀect/relevance

• interconnection to other categories
The number of available sources was also important.
These criteria combined with the needs that historical content sets, lead to several attempts of data
mapping that are presented next.

FIRST ATTEMPT: FINDING / DEFINING THE
BASIC STRUCTURE AND EXPLORING DIFFERENT ARRAYS
In previous research (Papasarantou et al, 2013: 187188) the historical content was organized in three
thematic axes (namely society, spatiality and urban
development) and a spatiotemporal segmentation
(periods of crisis) represented as abstract cylinders
extended through time and vertical solid sections,
respectively. The three axes were presented as interconnected but also independent series of events;
while spatiotemporal segmentation were depicted
as (spatial) densiﬁcations over short periods of time.
Data - represented as rectangular two dimensional
surfaces or three dimensional solids - were mapped
following the aforementioned criteria, while the attributes of colour and transparency were applied to
facilitate the production of perceptible structures.
Two diﬀerent arrays, namely linear and radial, were
proposed in order to test the primary hypothesis (Figure 1).
On linear array the thematic axes were arranged
in parallel while on radial were scattered in circular arrangement. Both of the arrays had advantages
and disadvantages, as far as data-mapping is concerned. Linear array facilitates the organization of
data in comprehensible and easily perceivable constructs. However, interconnectivity is questionable in
cases of marginally related data to non-adjacent categories. On the contrary the value of interconnectivity is properly mapped on the radial array, but under
certain conditions, legibility suﬀers.
After testing both of the methods (through partially data-mapping process) and adding the criterion
of the number of available source, it was noted that
radial array has more advantages for mapping multi-
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Figure 1
a. Linear array
section, b. Radial
array section (in
Papasarantou et al,
2013: 188)

ple and marginally related data. However, it was decided that representation of both thematic axes and
data should be reconsidered.

SECOND ATTEMPT: RADIAL ARRAY ON
TIME-LINE
In the new conﬁguration time was still perceived
as a static variable and was considered as the main
axis along which data are cited or expanded through
chronological succession. Radial array was selected
as the method of organizing the three thematic axes
along time since this method improves mapping of
interconnectivity. The representation of thematic
axes as abstract cylinders is maintained. However the
geometry of each cylinder is not solid but is transformed over time due to variations that occur on the
intersection in speciﬁc periods.
The thematic axes are scattered in circular and
interconnected arrangement while the axis of time
is extended at the centre of interconnected space.
The signiﬁcance of each thematic axis over the general historical content is also taken into consideration. The timeline is divided to decades. Therefore, the conﬁguration is surrounded and divided by
rings specifying the exact chronological period/section (Figure 2a, 2c).
Each axis is a three-dimensional diagram. X-axis
deﬁnes time and consequently the duration of the
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phenomenon, while interconnectivity is designated
as a conjunction of Y and Z axis. The attribute of
colour is applied in order to distinguish the three
thematic axes. The three basic colours yellow, blue
and red are applied to the axis of society, spatiality and urban development respectively. The same
colours are also applied to the thematically correlated data. The selection of basic colours was made
for reasons of legibility/perception (Ware, 2004: 97143). Data are depicted as blobs (3D dynamical spatiotemporal solids/objects). Their size and location
varies, while the attribute of transparency is added
in order to enable the interaction with potential concurrent changes and events (Figure 2).

TESTING THE STRUCTURE ON MULTITOUCH DEVICE
The entire model is accessible through a 60inch
multi-touch table/display that enables the presentation and further examination of timeline's compartments/compounds. The screen is divided in two sections vertically. The left section presents a vertical
cross-section of the timeline and enables users to
walk through the model (walk through mode). Users
are walking through time and are surrounded by data
that are mapped on every historical period. Short
description for each object pops-up (proximity triggered) enabling him/her to drag the speciﬁc data on

Figure 2
a. graphical
representation of
the way that
thematic axes are
arranged and
interconnected, b.
walk-through
mode, c.
perspective view, d.
timeline section

the left or the right and thus having access on further
information. On the right section, the model is presented in two modes, namely perspective and crosssection. Users are able to operate the entire model
and select from menus the speciﬁc topic, category or
sub-category they need to explore.

THIRD ATTEMPT: FROM TIME-LINES TO
TIME-ORBITS
Concerning information visualization practices, the
second attempt managed to produce a quite legible and easily perceived model that meets the demands of the aforementioned criteria. However,
when this model was tested on the multi-touch
screen, the structure proved to be less legible, es-
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pecially in walkthrough mode (Figure 2b). The limits between decades were not evident and thus a
sense of confusion was created. Additionally the entire model is marginally operative on perspective or
section view (Figure 2c, 2d). Therefore, even though
this kind of representation/graphical schema is quite
familiar as far as organization and perception are concerned, it can be turned to a quite complex structure
as time/history evolves and more data from available
sources are included/added. To solve this problem it
was decided to explore a new arrangement. Instead
of ﬁnding new ways on data mapping or dataset arrangement and categorization, experimentation on
the way that the parameter of time is designed and
represented/attributed, was decided.
Until now, the parameter of time was perceived
(and designed) as an inﬁnite straight line, perpetually
extended on an abstract space. However, due to disadvantages the model had, especially when the criterion of available sources (at present as well as in the
future) is considered, the need of reviewing the representation of time is critical. In order to avoid having a large and illegible model, the representation of
time axis as a spiral (or helix) is considered.
Spiral (or helix) is not an innovative approach as
far as information visualization is concerned. Several
studies have argued that spiral, as a method of mapping and organizing a dataset, can be more eﬀective and lead to more perceptible structures (Carlis
and Konstant, 1998; Weber et al, 2001). Weber high-

lights (2001: 8) that spiral graphs can assist in the
analysis and visualization of sequential data due to
the fact that it can contain nominal, ordinal as well
as quantitative data. Spirals can also support the visualization of a large number of data by simultaneously providing better comparison among parts of
the dataset and for these reasons are considered as a
"symbiotic" methods that can respond to both graphical and cyclical charts demands (Weber et al, 2001:
8).
Therefore, timeline is designed as a helix extended on three dimensions (Figure 3). A lap corresponds to a century. Each lap is divided in ten equivalent parts/sections, corresponding to the decades
that a century is consisted/composed. The beginning point of each decade is highlighted (and represented) as a translucent ring. All data that belongs to
a decade are mapped between two rings.
The entire dataset is still perceived as an abstract
cylinder that expands through the orbit of the spiral
(time), and the thematic axes are scattered in a circular interconnected arrangement. The division and
taxonomy of historical content of museums dataset
is changed in order to be more appropriated to an
anthropocentric reading of the city's history. Thus
the ﬁnal categories are transformed into urban life
(a term referring both to the living conditions of
the inhabitants and the urban developments), labour
(a term referring to economy, industrialisation, and
employment from an anthropocentric perspective),
Figure 3
graphical
representation of
timeline as a
spiral/helix
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space, and people (a category aiming at emphasizing
mobility, refugees, ethnic groups, as well as biographies).
The periods of crisis (economic, societal, political) is still preserved. Data that belong to the four
categories are mapped on the corresponding area,
while data of the spatiotemporal segmentation are
mapped through the entire area due to the fact that
these speciﬁc events (that have been characterized
as critical) have aﬀected the entire history of the city.
Data are spatialized according to the position of the
category they belong, the coherency among other
data and the general content, as well as the tension of
switching to other categories. The property of colour
is also still applied. Therefore space is coloured in
blue, people in yellow, urban life in red, labour in
green and periods of crisis in purple.
Analyzing in a Cartesian system, the axis of
time represents the parameter of time, while y
and z axes determine the other two dimensions
that the thematic axes (and consequently data) are
scattered/mapped. The parameters of content coherency and signiﬁcance are interpreted in y and z
coordinates. The area that each category occupies on
the entire dataset is not predetermined (as it is graphically presented in Figure 4) but is regulated by the
number of mapped records during decades. As has

already been mentioned, the ﬁfth category is not affected by this criterion and thus the corresponding
data may be scattered on the entire area of dataset.
Data are still represented as blobs that are coloured
according to the category they belong to (Figure 5).

CONCLUSION
The present study presents the next step on visualizing DEMUCIV's dataset in a fexible and interactive spatio-temporal 3d conﬁguration. After several
attempts and tests on codyﬁng and combining the
variables (contained in each data/record) in a perceivable and manipulable 3d graphical representation governed by the criteria of content coherency,
interconnectivity, signiﬁcation and number of available sources, the model of a spiral timeline was decided/determined. It is argued that helix is able to sustain the creation of a large but legible timeline conﬁguration by producing a dense but also a comprehensible spatial extended structure.The revised model is
proposed as an alternative visualisation of time comparing to linear time representations, a visualisation
that attempts to provide the experience of moving
through the time, exploring facets of Volos history.
This model is adequate to be used by multiple visitors
stimulating questions to be explored through other

Figure 4
Cartesian system
analysis
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Figure 5
perspective views
of timeline a.
graphical, b.
walk-through/
examining mode

multi-modal applications that will be accomodated
in the Museum of the City of Volos.
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