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Abstract:

Multivariate mapping is a cartographic technique in which multiple data variables are encoded into a single map. A
variety of design solutions for multivariate mapping refers to the number of phenomena mapped, the map type, and the
graphic variables applied. The main purpose of multivariate maps is to compare spatial distribution and to indicate relation
between visualized phenomena (Kraak et al. 2020).

As an advantage of multivariate maps it can be indicated that the amount of information conveyed by a single map can
be increased compared to an univariate map (Nelson 2020). Moreover, relationships between two or more mapped
phenomena can be found and recognized by a map user. Multivariate maps are also a compact form: instead of preparing
a series of maps of the same area, one can choose to elaborate a single multivariate map. However, multivariate maps are
challenging for users due to information complexity. Furthermore, they are seldomly applied in popular media; therefore,
a potential user may not be experienced in using it. As Nelson (2020) noted, a map maker must thus balance the benefits
of multivariate maps with the audience’s ability and willingness to engage with the challenging map.

The multivariate mapping covers a wide variety of design solutions. For instance, Nelson (2000) and Elmer (2013) listed
how visual variables are applied in different multivariate maps. Visual variables configuration has been empirically
verified with regards to supporting different types of operations (e.g. filtering a separate phenomenon or searching for
correlation between phenomena) (Nelson 2000). Multivariate maps were divided into intrinsic and extrinsic maps
(Saginka et al. 2021). The former refers to maps with variables shown separately on a single map, e.g. choropleth map
with proportional symbols map. The latter - to maps with represented phenomena that are visually inseparable (e.g.
bivariate choropleth map), and they were found to be less useful while empirically assessed by Sasinka et al. (2019, 2021).

The aim of this study is to evaluate three solutions of multivariate maps. Unlike other authors (mainly evaluating bivariate
maps), we decided to compare three solutions when mapping four variables (Figure 1): two types of multivariate maps,
intrinsic (Fig.1A) and extrinsic (Fig. 1B) and a simple univariate alternative (Fig. 1C). two types of multivariate maps
(intrinsic and extrinsic) and a simple univariate alternative. We analysed usability performance metrics (answer time,
answer accuracy and subjective rating of task difficulty) and eye-tracking data. We focused on the impact of task type on
users’ performance when comparing the map options. We hypothesised that one four-variate map would be better for
complex tasks, whereas a univariate map would be suitable for simple tasks. Moreover, maps with separable variables
applied should be more useful when data sets need to be accessed individually rather than when the task goal is to find
data correlation.

We applied mixed factorial design with map type and task complexity as independent variables, and performance metrics
(answer time, answer accuracy, eye-tracking metrics) as the dependent variable. We applied within-subject design. In
total, 16 participants took part in the study. All of them have graduated with an MSc degree majoring in cartography.
93.3 % use and make maps in their professional work and use maps on a daily basis.

The collected results showed that experts used the maps with similar results for answer time and accuracy, even when
using four-variable intrinsic maps, which is considered to be a challenging solution. However, eye-tracking data provided
more nuances in relation to the difference in cognitive effort evoked by the tested maps across task types, especially with
regards to fixation duration of map legends.

We believe the conducted study provides input into understanding how to design helpful multivariate maps that might be
a useful tool when making decisions on different levels of complexity: from simple (requiring referring to a single
variable) to complex ones (referring to many variables at once). We thus believe that further investigations and more
empirical research, including specific groups of users and specific kinds of data, will enable us to further develop the
understanding of multivariate mapping and usage.
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Figure 1. Examples of maps tested in the study. Source: own elaboration.
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