1CA
7 ..‘;‘f‘i» § International Cartographic Association
Vs Association Cartographique Internationale

ACH

Examining the distribution of motion velocity during visual
search towards designing effective dynamic point symbols for
quantitative mapping

Pawel Cybulski *, Vassilios Krassanakis °

& Adam Mickiewicz University, Poznan, Poland, Department of Cartography and Geomatics, p.cybulski@amu.edu.pl,

b University of West Attica, Athens, Greece, Department of Surveying and Geoinformatics Engineering, krasvas@uniwa.gr,

* Corresponding author

Keywords: dynamic point symbols, cartography, eye tracking, visual search, preattentive processing

Abstract:

Cartographic communication of quantitative data is based on the implementation of specific visual variables which can
be scalable (e.g., size, color value, texture spacing) (Bertin, 1983). However, the development of animation in
cartographic design allowed the utilization of dynamic point symbols as well (Lai & Yeh, 2004; Xiaofang et al., 2005).
Dynamic point symbols are considered as traditional qualitative variables (Blok, 2005) with the additional use of
animation technique (DiBiase et al., 1992). Thanks to continuous animated change of e.g., orientation of the
cartographic symbol, it is possible to present quantitative data. It opened new possibilities for visual variables to
become a factor in quantitative communication. Adding the motion to some qualitative variables (e.g., orientation,
shape) enabled the development of so-called dynamic point symbols. Some of them have been the subject of empirical
research in terms of their effectiveness during the execution of typical map tasks (Cybulski & Wielebski, 2019).
Nevertheless, visual search is sensitive to the velocity of motion of dynamic point symbols. The differences in motion
velocity between specific point symbols could be a potential factor for effective and efficient communication processes
during map reading tasks. Additionally, the velocity of motion is a preattentive feature (Hohnsbein & Mateeff, 1998). It
means that, during map reading, dynamic point symbol identification takes place rapidly, almost automatically, without
focused attention (Treisman & Gelade, 1980). Therefore, the optimal distribution of motion velocity is significant for
preattentive processing.

The presented results enhance visual variables set, which are immediately perceived. It is because continuous size,
orientation, or transparency change leads to new variables such as pulsation, rotation, or “flashing point”. These
dynamic symbols change, distributed on such a motion scale, could quantitatively present spatial data. Furthermore, this
approach applies to the shape variable. Its continuous change leads to quantitative mapping methods. Visual variables,
which could be dynamically animated according to one of the motion distribution methods and treated as new variables,
are presented in Figure 1.

The presented study is an ongoing work and shows how motion distribution affects the preattentive processing of
dynamic point symbols. We contribute to designing dynamic point symbols methodology based on specific visual
variables and pictorial symbolization. The core of the methodological steps includes the definition of motion parameters
that allow the preattentive processing of dynamic point symbols on the map. Designing these types of symbols require
JavaScript scripting and implementation into HTML5 standard. Another important goal of the presented study is to
determine the participants' accuracy in detecting extreme values on the map, referring to symbol detection in an eye
tracking study.

The study consists of an empirical experiment with 100 participants in a top-down and bottom-up map reading task. It
includes two types of symbols — geometrical and pictorial. Their motion velocity distribution relies on three scales:
arithmetic, logarithmic, and exponential. During the experiment, we recorded eye movement with EyeLink 1000 Plus
(2000 Hz, head stabilization). The recorded data will be analyzed using typical eye tracking metrics used in
cartographic research (Cybulski & Krassanakis, 2022). Moreover, aggregated gaze visualizations will be utilized in
order to indicate the participants’ cumulative behavior. This type of measurements can be found in recent cartographic
studies such as examining information search in transit maps (Wang et al, 2021), evaluation of weather maps (Popelka
et al., 2019), or examining the map legend position during cartographic memory tasks (Edler et al. 2020).
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Figure 1. Example of symbol design using geometrical and pictorial features. Motion velocity distribution of symbol changes

according to three types of scales: arithmetic, logarithmic, and exponential.

Acknowledgements:

This research was funded in whole or in part by National Science Centre, Poland 2020/39/D/HS6/01993. For the
purpose of Open Access, the author has applied a CC-BY public copyright license to any Author Accepted Manuscript

(AAM) version arising from this submission.

References:

Bertin, J.C. 1983 — Semiology of Graphics: Diagrams Networks Maps. The University of Wisconsin Press.

Blok, C. 2005 — Dynamic visualization variables in animation to support monitoring of spatial phenomena. Phd thesis.

Utrecht, Netherlands.

Cybulski, P. & Krassanakis, V. 2022 — The effect of map label language on the visual search of cartographic point

symbols. Cartography and Geographic Information Science 49(3), 189-204.

Cybulski, P. & Wielebski, .. 2019 — Effectiveness of dynamic point symbols in quantitative mapping. The

Cartographic Journal 56(2), 146-160

DiBiase, D., MacEachren, A. M., Krygier, J. B., Reeves, C. 1992 — Animation and the role of map design in scientific

visualization. Cartography and Geographic Information System 19(4), 201-214.

Edler, D., Keil, J., Tuller, M.-C., Bestgen, A.-K., Dickmann, F. 2020. Searching for the ‘Right’ Legend: The Impact of
Legend Position on Legend Decoding in a Cartographic Memory Task. The Cartographic Journal 57(1), 6-17.

Hohnsbein, J. & Mateeff, S. 1998 — The time it takes to detect changes in the speed and direction of visual motion.

Vision Research 38(17), 2569-2573.

Abstracts of the International Cartographic Association, 6, 45, 2023.
31st International Cartographic Conference (ICC 2023), 13—-18 August 2023, Cape Town, South Africa.
https://doi.org/10.5194/ica-abs-6-45-2023 | © Author(s) 2023. CC BY 4.0 License.



30f3

Lai, P. & Yeh, A. 2004 — Assessing the Effectiveness of Dynamic Symbols in Cartographic Communication. The
Cartographic Journal 41(3), 229-244.

Popelka, S.; Vondrakova, A.; Hujnakova, P. 2019 — Eye-tracking Evaluation of Weather Web Maps. ISPRS
International Journal of Geo-Information 8(6), 256.

Treisman, A. & Gelade, D. 1980 — A feature-integration theory of attention. Cognitive Psychology 12, 97-136.

Wang, Z., Lonsdale, M. S., Cheung, V. 2021 — An eye-tracking study examining information search in transit maps
using China’s high-speed railway map as a case study. Information Design Journal 26(1), 53-72.

Xiaofang, W., Quingyun, D., Zhiyong, X. & Na, L. 2005 — Research and Design of Dynamic Symbol in GIS.
Proceeding of International Symposium on Spatio-temporal Modeling. Spatial Reasoning, Analysis, Data Mining and
Data Fusion. Beijing, China.

Abstracts of the International Cartographic Association, 6, 45, 2023.
31st International Cartographic Conference (ICC 2023), 13—-18 August 2023, Cape Town, South Africa.
https://doi.org/10.5194/ica-abs-6-45-2023 | © Author(s) 2023. CC BY 4.0 License.





