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D ata science is an emerging area of work 
concerned with the task of extracting 
useful information and gaining insight 

from large data collections. Methods that scale to 
big data in terms of volume, variety, velocity, and 
veracity are of particular interest in data science. 
Data science methods and approaches address all 
stages of transition from data to knowledge and 
action, including data acquisition, cleaning and 
processing, information extraction, integration 
and representation, data analysis, and knowledge 
extraction and explanation.

Visualization of data is essential for human 
understanding of the subject under analysis, an-
alytical reasoning about it, and generating new 
knowledge. Interactive visual interfaces support 
the human cognitive processes by allowing ana-
lysts to look at a subject from different perspec-
tives and at different scales and levels of detail, 
link diverse pieces of information, and direct 
and control the work of computational analytical 
tools. Therefore, visual analytics approaches play 
an important role in data science.

More specifically, geographic data science deals 
with data that incorporates spatial and, often, 
temporal elements. In 2010, Gennady Andrienko 
and his colleagues defined the research agenda for 
spatiotemporal visual analytics, pointing out the 
unique properties of space and time that neces-
sitate specific approaches to analyzing data with 
spatial and temporal components.1 Thus, spatial 
and temporal dependence (autocorrelation) en-
able interpolation and extrapolation, which can 
be used to fill gaps in incomplete data and derive 
plausible estimates beyond the areas and/or time 
periods represented in available data; the integra-
tion of information of different types and from 
different sources using references to common lo-

cations and/or time units; spatial and temporal 
inference; and many other operations.

The effects of the spatial and temporal depen-
dences are not absolute, however. Geographic 
space consists of places with diverse properties, 
and spatial dependence is weakened by this het-
erogeneity and by natural or artificial barriers that 
often exist between places. In 2017, a strategic 
paper by Alan MacEachren called for geo-visual 
analytics approaches for defining and character-
izing places based on multiple heterogeneous and 
interconnected data types and sources.2 

Time can be considered a linearly ordered set of 
moments or intervals as well as a system of recur-
ring time cycles: daily, weekly, annual, and domain-
specific cycles. Therefore, temporal dependence 
is more complex than just a correlation between 
close time moments along a timeline because it 
also includes correlations between corresponding 
positions in different time cycles. For example, 
there may be more similarity between the morn-
ings of different days than between the morning 
and noon time of the same day. As with barriers 
in space, temporal dependence could also be inter-
rupted by various events. Thus, we must properly 
take into account both the existence of spatial and 
temporal dependences and the possibility of distor-
tion or interruption of these dependences.

New Challenges
Traditionally, geographic analysis strongly relied on 
the use of visual (mostly cartographic) representa-
tions, but traditional approaches are now severely 
challenged by the volume, variety, complexity, dy-
namics, and other properties of the data requiring 
analysis. Advances in sensor and positioning tech-
nologies in recent years have facilitated an unprec-
edented growth in the collection of spatially and 
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temporally referenced data. Examples of big geo-
graphic data sources include aerial and terrestrial 
laser scanning, remote sensing imagery, weather 
data, data streams from geosensor networks, and 
tracks of various objects moving by land, sea, and 
air. The massive volumes of collected data con-
tain complex, yet implicit spatial, temporal, and 
semantic interrelations that are waiting to be un-
covered and made explicit. 

One of the most challenging problems in geo-
graphic data science is the need to assess the 
data quality, suitability, and distribution of the 
data available for analysis.3,4 Data-quality issues, 
structure, and feature relationships can often be 
revealed by appropriate visualizations. In spatio-
temporal data, this might involve the detection of 
misaligned temporal resolutions, temporal regular-
ity or irregularity, the presence of temporal gaps, 

varying spatial resolutions, the presence of spatial 
gaps, issues concerning the identities of moving 
objects, properties related to the data-collection 
method, positioning errors, and others. There is 
a pressing need for theoretical and methodologi-
cal development in this direction. A related issue 
is the visualization of data uncertainty in space5 
and time.6 

In This Issue
A common approach in geographic data science 
is the integration of multiple data sets character-
ized by different spatial and temporal references, 
at multiple scales and resolutions. Several articles 
in this special issue propose specific data trans-
formations that allow us to address challenging 
practical problems. Generally, the articles selected 
for this special issue represent a mix of theoretical 
approaches and novel applications of geographic 
data science. 

“Typology of Uncertainty in Static Geolocated 
Graphs for Visualization” by Tatiana von Landes-
berger, Sebastian Bremm, and Marcel Wunderlich 
addresses the important problem of visualizing 
uncertain geographic information, specifically 
considering geolocated graphs. The authors con-
sider major types of graph uncertainty (node and 

edge uncertainty) and their interplay (uncertainty 
of node-edge relationships and structural implica-
tions of uncertainty).

The article “ANALYTiC: An Active Learning 
System for Trajectory Classification” by Amílcar 
Soares Júnior, Chiara Renso, and Stan Matwin 
follows the active learning paradigm for semantic 
labeling of trajectories. Starting with a manually 
labeled set of trajectories and their features, the 
proposed method identifies examples that are hard 
to label automatically and presents them visually 
to the user. User input drives the following seman-
tic labeling process.

In the article “Impact of Spatial Scales on the 
Intercomparison of Climate Scenarios,” Wei Luo, 
Michael Steptoe, Zheng Chang, Robert Link, Leon 
Clarke, and Ross Maciejewski propose a coordi-
nated multiple views interface for exploring dif-
ferences between outputs of different climate 
modeling scenarios. A map interface allows the 
user to select specific areas of interest. Hierarchi-
cal clustering highlights differences between sce-
narios with respect to attribute groups.

“Urban Space Explorer: A Visual Analytics Sys-
tem for Understanding Urban Planning” by Alireza 
Karduni, Isaac Cho, Ginette Wessel, William Ri-
barsky, Eric Sauda, and Wenwen Dou proposes a 
coordinated multiple views interface for explor-
ing topics in social media posts in relation to the 
population distribution and the locations of points 
of interest. Assuming that social media contribu-
tors travel on the street network, the proposed 
system infers the transportation modes, esti-
mates travel times, and assesses traffic flows. 
Potential users (urban planners) found the mul-
tiscale analysis of places to be a useful feature. 
They expressed interest in the analysis of mul-
tiple related geographic layers, such as weather or 
car accidents.

Finally, in the article “Name Profiler Toolkit,” 
Feng Wang, Brett Hansen, Ryan Simmons, and 
Ross Maciejewski describe an approach that sup-
ports the exploration of spatial distributions of 
first and last names, their co-occurrence, and re-
lationships with additional data, such as wealth 
distribution. The power of the system is in fusing 
data from multiple sources, thus helping users 
to investigate interesting place-name-age-income 
relationships. 

We expect these articles to help showcase some 
of the new strands of research in geographic data 
science. Further, we hope this special issue will 
stimulate widespread interest among scientists 
and practitioners in exploring this emerging and 
exciting field.�

Visualization of data is essential for 
human understanding of the subject under 
analysis, analytical reasoning about it, and 
generating new knowledge.



	 IEEE Computer Graphics and Applications� 17

References
	 1.	 G. Andrienko et al., “Space, Time and Visual 

Analytics,” Int’l J. Geographical Information Science, 
vol. 24, no. 10, 2010, pp. 1577–1600.

	 2.	 A.M. MacEachren, “Leveraging Big (Geo) Data with 
(Geo) Visual Analytics: Place as the Next Frontier,” 
Spatial Data Handling in Big Data Era, Springer, 2017, 
pp. 139–155.

	 3.	 G. Andrienko, N. Andrienko, and G. Fuchs, 
“Understanding Movement Data Quality,” J. Location 
Based Services, vol. 10, no. 1, 2016, pp. 31–46.

	 4.	 T. Gschwandtner et al., “A Taxonomy of Dirty 
Time-Oriented Data,” Proc. Int’l Conf. Availability, 
Reliability, and Security, 2012, pp. 58–72.

	 5.	 C. Kinkeldey et al., “Evaluating the Effect of Visually 
Represented Geodata Uncertainty on Decision-
Making: Systematic Review, Lessons Learned, and 
Recommendations,” Cartography and Geographic 
Information Science, vol. 44, no. 1, 2017; doi:10.1080/
15230406.2015.1089792.

	 6.	 T. Gschwandtner et al., “Visual Encodings of 
Temporal Uncertainty: A Comparative User Study,” 
IEEE Trans. Visualization and Computer Graphics, vol. 
22, no. 1, 2016, pp. 539–548.

Gennady Andrienko is a lead scientist at the Fraunhofer 
Institute for Intelligent Analysis and Information Systems 
(IAIS) and a professor at City, University of London. His 
research interests include visual analytics and geovisualiza-
tion. He has a PhD in computer science and artificial intel-
ligence from Moscow Lomonosov State University. Contact 
him at gennady.andrienko@iais.fraunhofer.de.

Natalia Andrienko is a lead scientist at the Fraunhofer 
Institute for Intelligent Analysis and Information Sys-
tems (IAIS) and a professor at City, University of Lon-
don. Her research interests include visual analytics and 
geovisualization. She has a PhD in computer science and 
artificial intelligence from Moscow Lomonosov State Uni-
versity. Contact her at natalia.andrienko@iais.fraunhofer 
.de.

Robert Weibel is a professor of geographic information 
science (GIScience) and head of the Geographic Informa-
tion Systems Unit at the University of Zurich. His research 
interests include computational cartography, computa-
tional movement analysis, and spatial analysis for linguis-
tics. Weibel has a PhD in GIScience from the University of 
Zurich. Contact him at robert.weibel@geo.uzh.ch.

PURPOSE: The IEEE Computer Society is the world’s largest association 
of computing professionals and is the leading provider of technical 
information in the field.
MEMBERSHIP: Members receive the monthly magazine Computer, 
discounts, and opportunities to serve (all activities are led by volunteer 
members). Membership is open to all IEEE members, affiliate society 
members, and others interested in the computer field.
OMBUDSMAN: Email ombudsman@computer.org.
COMPUTER SOCIETY WEBSITE: www.computer.org

Next Board Meeting: 12–13 November 2017, Phoenix, AZ, USA

EXECUTIVE COMMITTEE
President: Jean-Luc Gaudiot; President-Elect: Hironori Kasahara; Past 
President: Roger U. Fujii; Secretary: Forrest Shull; First VP, Treasurer: 
David Lomet; Second VP, Publications: Gregory T. Byrd; VP, Member & 
Geographic Activities: Cecilia Metra; VP, Professional & Educational 
Activities: Andy T. Chen; VP, Standards Activities: Jon Rosdahl; VP, 
Technical & Conference Activities: Hausi A. Müller; 2017–2018 IEEE 
Director & Delegate Division VIII: Dejan S. Milojičić; 2016–2017 IEEE 
Director & Delegate Division V: Harold Javid; 2017 IEEE Director-Elect & 
Delegate Division V-Elect: John W. Walz

BOARD OF GOVERNORS
Term Expiring 2017: Alfredo Benso, Sy-Yen Kuo, Ming C. Lin, Fabrizio 
Lombardi, Hausi A. Müller, Dimitrios Serpanos, Forrest J. Shull
Term Expiring 2018: Ann DeMarle, Fred Douglis, Vladimir Getov, Bruce 
M. McMillin, Cecilia Metra, Kunio Uchiyama, Stefano Zanero
Term Expiring 2019: Saurabh Bagchi, Leila De Floriani, David S. Ebert, Jill 
I. Gostin, William Gropp, Sumi Helal, Avi Mendelson

EXECUTIVE STAFF
Executive Director: Angela R. Burgess; Director, Governance & Associate 
Executive Director: Anne Marie Kelly; Director, Finance & Accounting: 
Sunny Hwang; Director, Information Technology & Services: Sumit 
Kacker; Director, Membership Development: Eric Berkowitz; Director, 
Products & Services: Evan M. Butterfield; Director, Sales & Marketing: 
Chris Jensen

COMPUTER SOCIETY OFFICES
Washington, D.C.: 2001 L St., Ste. 700, Washington, D.C. 20036-4928
Phone: +1 202 371 0101 • Fax: +1 202 728 9614 • Email: hq.ofc@computer.org
Los Alamitos: 10662 Los Vaqueros Circle, Los Alamitos, CA 90720
Phone: +1 714 821 8380 • Email: help@computer.org

MEMBERSHIP & PUBLICATION ORDERS
Phone: +1 800 272 6657 • Fax: +1 714 821 4641 • Email: help@computer.org
Asia/Pacific: Watanabe Building, 1-4-2 Minami-Aoyama, Minato-ku, Tokyo 
107-0062, Japan • Phone: +81 3 3408 3118 • Fax: +81 3 3408 3553 • 
Email: tokyo.ofc@computer.org

IEEE BOARD OF DIRECTORS
President & CEO: Karen Bartleson; President-Elect: James Jefferies; Past 
President: Barry L. Shoop; Secretary: William Walsh; Treasurer: John 
W. Walz; Director & President, IEEE-USA: Karen Pedersen; Director & 
President, Standards Association: Forrest Don Wright; Director & VP, 
Educational Activities: S.K. Ramesh; Director & VP, Membership and 
Geographic Activities: Mary Ellen Randall; Director & VP, Publication 
Services and Products: Samir El-Ghazaly; Director & VP, Technical 
Activities: Marina Ruggieri; Director & Delegate Division V: Harold Javid; 
Director & Delegate Division VIII: Dejan S. Milojičić

revised 31 May 2017


