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ARTICLE

Star and polyline glyphs in a grid plot and on a map display: which perform
better?
Tomasz Opacha, S Popelka b, J Dolezalova b and J. K Rød a

5 aDepartment of Geography, Norwegian University of Science and Technology, Trondheim, Norway; bDepartment of Geoinformatics, Palacký
University, Olomouc, Czech RepublicAQ4

ABSTRACT
Glyphs are small geometric shapes that in geovisualization are often used to represent multi-
dimensional spatial data. The aim of this study is to investigate the effectiveness of their two

10 types – star and polyline glyphs, as they can encode the same message and can provide similar
functionality. Thus, if the two glyph types are similar and can be used for the same data, the
question arises as to which of them better facilitates various user tasks. To address this question,
an empirical study of 26 individual users is conducted to investigate differences in user perfor-
mance for polyline and star glyphs shown either in a grid plot or on a map display. In this study, a

15 task-based approach with eye-tracking is applied, as well as a subjective questionnaire and a
psychological test of cognitive style. The finding is that polyline glyphs better facilitate tasks
when datapoint values in glyphs are to be read, whereas star glyphs are better when a visual
search among glyphs is to be done. Moreover, the results reveal that the map display works
better than the grid plot. If star glyphs are to be used, the key (legend) needs to be better

20 incorporated into a visual interface.
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Introduction

AQ1
AQ2
AQ3

Glyphs are a commonly used visualization technique
that provides an overview of a dataset by showing its
items as separate and simplified graphical entities in

25 the form of juxtaposed small plots or charts without
any labels (Borgo et al., 2013; Gribov, Unwin, &
Hofmann, 2006; Ünlü & Malik, 2011). Hence, despite
the limited explanations (labeling), juxtaposition
enables access to particular data items, which often is

30 unfeasible in the case of superimposition (Opach &
Rød, 2017), such as when using parallel coordinates.
Glyphs can differ greatly with regard to their form
(Ward, 2002, 2008). One of the most commonly used
glyph types is star glyphs. Although they have been

35 implemented in many geovisualization environments
(Gribov et al., 2006; Takatsuka & Gahegan, 2002),
their use is impeded by polar coordinates in which
visual scanning is more time-consuming and more
error-prone than reading vertical and horizontal axes

40 (Goldberg & Helfman, 2011). Therefore, Opach and
Rød (2017) propose the use of polyline glyphs that
resemble polylines from parallel coordinates as an
alternative to star glyphs. The two glyph types can
encode the same message and can provide similar

45 functionality. Thus, if star and polyline glyphs are so

similar and can be used for the same data, the question
arises as to which of them better facilitates various user
tasks.

In this paper, we aim to contribute to the body of
50previous work by investigating the performance of a

data display consisting of either star or polyline glyphs
(Figure 1). Moreover, as glyphs are frequently used on
map displays and grid plots such as tables or matrices,
we investigate these two layout arrangements to see

55whether there are differences regarding their perfor-
mance. Finally, we examine whether there are differ-
ences regarding user behavior (undertaken actions
when interacting with a graphical interface) between
those who use star glyphs and those who use polyline

60glyphs. If such differences exist, what lessons can be
learned from an empirical study in which user behavior
is investigated? Can any findings be of value to map-
makers and practitioners of information visualization?

The study consists of a theoretical part and an
empirical part, in which a task-based approach with

65eye-tracking is employed. Additionally, we use a sub-
jective questionnaire and a psychological test to gain
deeper insights into the behaviors and opinions of
users of polyline and star glyphs. The paper is orga-
nized as follows. After the background section, in
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70 which the state of the art in the glyph-based visualiza-
tion is briefly discussed, we consider the advantages
and weaknesses of star and polyline glyphs. Thereafter,
we report the settings of our empirical study: its objec-
tives, methods, and procedure. We then present and

75 discuss the results, followed by our conclusions.

Background

Glyphs and multivariate data visualization

The growing role of information visualization in appli-
cation areas such as information dashboards and busi-

80 ness intelligence implies the need for a better
understanding of various visualization techniques in
general, and particularly techniques that, despite differ-
ing in form, can encode the same data. One such
technique uses multivariate glyphs.

85In order to encode hundreds of n-dimensional data
items and show them in a limited space, the use of tiny
graphical entities known as glyphs seems to be a sen-
sible choice. Although there have been many studies of
glyphs (Borgo et al., 2013), the areas in which they can

90be effectively used are still insufficiently studied (Ward,
2008). There are many ways in which glyphs can be
used in information visualization in general and in
geovisualization in particular. Glyphs seem to be sui-
table for visualization of multivariate vector fields

95(Forsberg, Chen, & Laidlaw, 2009). However, efforts
needed to interpret such visualization may make
glyph-based displays ineffective. Glyphs can also be
embedded in a table view (Opach & Rød, 2013) or
organized in a grid plot (Figure 1(a and c)) and, as

100part of coordinated and multiple views (CMVs), they
can be dynamically linked with other visualization

Figure 1. Polyline glyphs (a, b) and star glyphs (c, d) arranged as a grid plot (a, c) and as a multivariate symbol map (b, d).

2 T. OPACH ET AL.



techniques, such as radar plots or parallel coordinates
(Takatsuka & Gahegan, 2002). Additionally, glyphs can
be superimposed on maps (Figure 1(b and d)) to form

105 multivariate-symbol maps.

Glyphs in geovisualization: multivariate-symbol
maps and grid plots

Glyphs have long been used within cartography and
geovisualization. However, in these domains, glyphs

110 are not a certain mapping technique to be studied. As
Slocum, McMaster, Kessler, and Howard (2010, p. 337)
claim, glyphs are “multivariate point symbols used to
represent nonrelated attributes.” Glyphs can also
appear in the form of uncommon shapes such as pecu-

115 liar Chernoff faces (Chernoff, 1973); such faces can be
arranged as cartograms (Dorling, 1995). In general,
glyphs on maps can simply be called symbols or multi-
variate symbols in the case in which they encode more
than one variable.

120 Glyphs can encode geographic objects directly onto
maps, and then the mapping technique can be

attributed a specific name, such as a bar-chart map
(Figure 2(a)), a radar-plot map, or a multivariate-
symbol map. The potential of such mapping techni-

125ques has been well known in cartography for decades,
since cartographers have long been concerned with
ways to visualize multivariate or time-series data
(Arnberger, 1977; Bertin, 1967; Ratajski, 1989;
Slocum et al., 2010), and simplified multivariate sym-

130bols have long been used in thematic maps. For
instance, Ostrowski and Uhorczak (1972) introduced
cartotypograms as a mapping technique in which
n-dimensional (typically four-dimensional) star-plots
(typograms) without coordinates are used to indicate

135types [typical multivariate signatures, see Figure 2(b)] .
This approach enables the differences between plot
shapes and sizes to be clearly visible. Therefore,
users are able to distinguish types among data items.
Currently, the technique is known as star map, and its

140implementations, can be found in many geovisualiza-
tion tools, such as the GeoViz Toolkit, an application
derived from GeoVISTA Studio (Takatsuka &
Gahegan, 2002).

Figure 2. Two glyph maps of Poland: (a) the bar-chart map shows time-series data for potato production and (b) the cartotypogram
map (star map) shows multivariate data on food-production types in the context of ecological pressure.
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Recently, glyphs have been widely used in interac-
tive map displays, but they are referred to differently,

145 depending on the purpose of the displays [ e.g. “utility
symbols” (Andrienko, Andrienko, & Jankowski, 2003)] .
However, in the broad geovisualization context, glyphs
can be used more extensively than only as multivariate
symbols on thematic map displays. They can be used

150 differently, especially when they form part of CMV
tools, whereby various visualization techniques are
dynamically linked in order to facilitate information
exploration and knowledge construction (Andrienko
et al., 2002). In such cases, for more analytical pur-

155 poses, glyphs can be grouped together and dynamically
linked with other displays. They can be shown as
scatterplot points (Chung et al., 2015; Gribov et al.,
2006; Ünlü & Malik, 2011) or placed below or next to
each other in a small multiple or a grid plot (matrix), in

160 which “information slices are positioned within the eye
span, so that viewers make comparisons at a glance–
uninterrupted visual reasoning” (Tufte, 1990, p. 67). In
this way, the similarities and differences between
glyphs are likely to be identified more efficiently

165 (Klippel, Hardisty, Li, & Weaver, 2009; Ward, 2008).

Star and polyline glyphs: advantages and
weaknesses

Star glyphs are one of the most commonly used glyph
types (Gribov et al., 2006; Ünlü & Malik, 2011). They

170 show data items as graphic entities embedded in the
polar coordinates context. Star glyphs can be thought
of as a parallel coordinate plot in polar coordinates
(Gribov et al., 2006; Ünlü & Malik, 2011). Therefore,
in the CMV tools, in certain conditions, parallel coor-

175 dinates can sometimes be replaced with star glyphs. It
happens since visual attention can be shifted from
parallel coordinates to star glyphs without adjusting
visual reasoning (Klippel et al., 2009). Such adjusting
is not needed if parallel coordinates are to be replaced

180 with polyline glyphs (Opach & Rød, 2017) – graphical
entities that resemble the polylines from parallel coor-
dinates. Thus, glyphs can serve as an independent
visualization component or they can support parallel
coordinates.

185 While it can be assumed that polyline glyphs and
star glyphs can be used interchangeably, since these
two visualization techniques can encode the same
data “payload,” there is an essential difference in
the way such encoded data are shown in the two

190 glyph types. Since parallel coordinates are aligned in
the polyline glyphs, users may find it easier to get
datapoint values than with star glyphs, in which
polar coordinates are used. Goldberg and

Helfman’s (2011) eye-tracking study revealed that
195visual scanning can be done more quickly along

vertical and horizontal axes than circular scanning
along rings, and the latter method is error-prone and
not reliable. However, since star glyphs are more
centered and compacted than polyline glyphs, they

200might perform better in tasks involving either simi-
lar or distinctive glyphs. However, such statements
must be empirically tested. This raises the question
as to whether star or polyline glyphs can be used for
the same data, and if so, which glyph type performs

205better?
An example of a study in which line glyphs (similar

to polyline glyphs) and star glyphs are compared has
been published by Fuchs, Fischer, Mansmann, Bertini,
and Isenberg (2013). Their study reveals that line

210glyphs are a good choice for tasks in which peak and
trend detection is to be done when examining time -
series data. By contrast, radial encoding of time in star
glyphs works better if one has to find a particular
temporal location. These findings contradict to some

215extent Goldberg and Helfman (2011) claim that linear
graphs can better support the dimension-finding phase,
since their linearly aligned dimensions support
searches better than radial graphs. Lee, Reilly, and
Butavicius (2003) compare four visualization techni-

220ques, including Chernoff faces and star glyphs, in
terms of their usefulness in user tasks. Their study
reveals that both types of glyph visualizations lead to
slow, inaccurate answers being given, with a low degree
confidence. In a more recent study, Chung et al. (2015)

225conclude that various interactive functions, such as
glyph sorting, that support user exploration in glyph
visualization can significantly enhance user
performance.

Eye-tracking for evaluation of glyphs

230Eye-tracking plays a particular role in empirical
research on information visualization. According to
Goldberg and Helfman (2011), to date, this techni-
que has been underutilized as a method for under-
standing how individuals make use of information

235graphics. Although there has been a rapid increase in
eye-tracking studies in geovisualization, studies of
glyph-based visualization have been sparse and sel-
dom. For example, Ho, Yey, Lai, Lin, and Cherng
(2015) AQ5use the method to examine various 2D visua-

240lizations of flow, including a glyph-based technique,
and Golebiowska, Opach, and Rød (2017) use eye-
tracking to investigate a CMV interface consisting of
a choropleth map, a parallel coordinate plot, and a
table with polyline glyphs.

4 T. OPACH ET AL.
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245 Eye-tracking is not necessary to examine the perfor-
mance of glyph-based displays. Nevertheless, it enables
a better sense of the differences between the visual
behavior of different users – what and how long they
look at. Similar empirical data can be obtained with

250 other methods, such as mouse-tracking or recording
task execution time. However, without insight into
eye-movement data, it is unfeasible to analyze, for
example, how often participants use a key, how many
times they look at particular map symbols (revisit

255 them), or which glyphs attract their attention most.
Therefore, to gain a comprehensive insight into how
polyline and star glyphs work, and then consider their
advantages and weaknesses, we conduct an empirical
study with eye-tracking as our main empirical

260 technique.

Empirical study

Objectives

Since there might be differences in user performance
for polyline and star glyphs shown either in a grid plot

265 or on a map display, we examine four layout modes
(M 1–4). These are presented in Figure 1. We address
three research questions:

(1) RQ 1: Are there specific user tasks for which one
of the two investigated glyph types outperforms

270 the other?
(2) RQ 2: Are there specific user tasks in which glyphs

shown by means of one of the two investigated
display types (grid plot or map) work better than
those arranged in the other display type?

275 (3) RQ 3: Are there certain user skills that influence
task -solving strategies with star or polyline
glyphs?

Participants

Total of 26 individuals (15 males and 11 females,
average age 23 years) attend the study voluntarily.

280 They are not paid any compensation for the atten-
dance. All of them are either bachelor or master’s
students taking the geoinformatics course at Palacký
University. Their skills and knowledge are considered
representative of target users. Students from the first

285 year of the bachelor’s study program are excluded
because they have not had any training in GIScience,
and therefore their performance is likely to be worse
than those who have had this training.

Study material

290As study material, we design a single-page web appli-
cation where regular web browser can be used to run
the tool. We use costless JavaScript APIs such as D3.js
and jQuery Sparklines to develop the tool. Labels and
comments in the tool’s interface are in Czech, with the

295exception of the key (legend) which is in English. The
interface features four layout modes (see Figure 1) in
which glyphs are either polyline glyphs (M 1-PolyGrid,
M 4-PolyMap) or star glyphs (M 2-StarMap,
M 3-StarGrid), and in which glyphs are either regularly

300distributed in a grid (M 1-PolyGrid, M 3-StarGrid) or
geographically distributed on a map (M 2-StarMap,
M 4-PolyMap). Additionally, for the purpose of the
empirical study, the tool has an opening dialog box in
which the four layout modes are grouped as follows:

305● Variant  1, in which a grid plot with polyline
glyphs (M 1-PolyGrid) is followed by a map with
star glyphs (M 2-StarMap);

● Variant  2, which displays the supplementary
modes  [i.e. a grid plot with star glyphs (M 3-

310StarGrid) followed by a map with polyline glyphs
(M 4-PolyMap)] .

In all modes, the main panel is accompanied by both a
task panel and a key that explains how data are
encoded in glyphs (see Figure 3).

For the tool’s data content, we use 10 socioeconomic
indicators (variables) describing 48 municipalities in

315the counties of Sør-Trøndelag and Nord-Trøndelag in
central Norway. The participants are Czech or Slovak
and such data content is unknown to them. Hence,
prior knowledge of the visualized variables cannot
influence the participants’ answers.

320Methods

We gain scientific evidence through individual user
sessions in which we ask participants to 

● use the tool to solve six user tasks during an
eye-tracking session,

325● fill in a personal questionnaire and a subjective
questionnaire on glyphs ,

● perform a psychological test of the cognitive style
of users.

We combine the methods above to get a comprehen-
sive insight into participant choices and behavior.
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330 User tasks
While participants execute the six user tasks, T 1–6
(Table 1), we record their eye-movements, oral com-
ments, the screen, and their task answers. Regarding
the tasks, these are designed to reveal how users

335 interact with polyline and star glyphs. T 1-EstimVal
is used to examine how users derive values from
either polyline or star glyphs. T 2-IdenGlyph is com-
plementary to T 1 as participants are expected to
search for a glyph that encodes a certain variable

340 score. In turn, in T 3-FindGlyph, users search for
the same glyph as the one shown in the task panel
(see Figure 3). We use this task to verify which of the
four layout modes performs better regarding partici-
pants’ visual searches. In T 4-SimilGlyphs, partici-

345 pants compare all glyphs between each other to
find the two most similar glyphs. Regarding
T 5-DistinctGlyphs, a common task in visual analytics
is to find the most distinctive cases among graphic
entities, and we therefore request users to do the

350 same. Again, we investigate whether this task can
be more effectively accomplished with polyline
glyphs or with star glyphs. In the final task,
T 6-CompArea, participants search for a compact
area of three glyphs that are similar to each other.

355Two questionnaires: personal and subjective about
the glyph-based visualization
While the personal questionnaire will give information
about participants’ age and gender, the subjective ques-
tionnaire will inform about their subjective preferences

360regarding the two glyph types. The questionnaire con-
sists of five questions (Q 1–5) that participants answer
on a 7 -point scale. The questions are as follows:

● Q 1 concerns overall feeling about the usability of
glyphs.

365● Q 2 is about the aesthetics of glyphs.
● In Q 3, participants are asked to specify a glyph

type that is suitable for reading datapoint values;
this question concerns T 1-EstimVal and
T 2-IdenGlyph.

370● Q 4 concerns a comparison of glyphs between
themselves and refers to T 3-FindGlyph (search
for a glyph), T 4-SimilGlyphs (find similar
glyphs), and T 5-DistinctGlyphs (find distinctive
glyphs).

375● In Q 5, participants state which glyph type works
best for getting an overview of all glyphs; it refers
to T 6-CompArea, in which participants select a
compact area of three similar glyphs.

Figure 3. M 4-PolyMap (polyline glyphs on a map display) – one of the four layout modes used in the empirical study. It is presented
here with the task T 3-FindGlyph in which participants search for the same glyph as the one (specimen) shown in the task panel.
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The scale used in the questionnaire is designed so that
the values toward the left-hand end reflect the user’s

380 preference for polyline glyphs, whereas the values
toward the right-hand end reflect their preference for
star glyphs; the middle value means no preference
(neutral choice).

Psychological test of the cognitive style of users
385 The last test – Navon’s cognitive style test (Navon,

1977) – is one of the most frequently used tests for
measurement of the global-analytic dimension of cog-
nitive processing (Brand & Johnson, 2014). This test is
designed to reveal whether an individual’s preferred

390 cognitive style is holistic or analytic – the distinction
that is one of the most common among people’s cog-
nitive styles (Dewey, 2007). According to Dewey, in the
analytic thinking, individuals comprehend a system,
first, by recognizing its particular parts, and second,

395 by understanding how they constitute a larger scale
pattern. Whereas in the holistic thinking, of primary
importance to individuals is to first recognize large-
scale patterns of a system, not its particular elements.
The fact that this cognitive style could affect work with

400 a map, at least in the subprocesses, is well documented
(Kubíček et al., 2016). We use a compound letter test,
an adaptation of Navon’s hierarchical figures test
(Navon, 1977) developed as part of the GEOKRIMA
project (Šašinka, 2013). In this test, big numbers com-

405 posed of small numbers are displayed, and participants
are requested to recognize either small or big numbers.
We use the Hypothesis software (Morong & Šašinka,
2014) to perform the test. Its output will help to deter-
mine the cognitive style of participants and will be used

410 to compare the affiliation to these cognitive styles with
the strategy of solving the tasks.

Equipment

We use the eye-tracker SMI RED 250. The eye-tracker is
arranged in the Eye-tracking Laboratory of the

415Department of Geoinformatics at Palacký University,
Olomouc, in the Czech Republic. The stimulus is dis-
played on a 24-in screen with a resolution of
1920 × 1200 pixels. Eye positions are recorded at a fre-
quency of 250Hz. The eye-tracker is supplemented with a

420web camera that records participants during the sessions.
We do this because audio and video recording can help to
reveal the possible cause of missing data, participants’
reactions to the stimuli, and their comments on the tasks.

Procedure

425Individual user sessions are arranged as two-phase user
testing (Figure 4) with a minimum of 3 days between
each phase. This is done to avoid a learning effect,
whereby, during the “later” stage of testing, participants
may use their knowledge acquired in the “earlier” stage.

430Without two-phase user testing, the results might be
influenced by already gathered experience. Moreover, a
variant assigned to participants in each phase will shift:
The first participant starts with variant  1, the next
participant uses variant  2, and so on. In the second

435phase, participants use the complementary variant. For
example, if a participant uses variant  1 in the first
phase, they use variant 2 in the second phase.

The test sessions are performed using SMI Experiment
Center. We collect participants’ answers, eye-movement
data complemented by audio and video recording of par-

440ticipants, screen recording, and task completion time. Each
session is organized as follows (see Figure 4). In its first
phase, after the participants have been welcomed, an eye-
tracker is calibrated for each of them. Themaximal allowed

Table 1. Six tasks used in the empirical study.
ID Short name Task question Purpose of task

T 1-EstimVal Glyph value estimation Use the key shown in the upper left corner and
estimate the datapoint values of the selected
glyph on variables 5 and 10

Examine how users derive values from
polyline and star glyphs

T 2-IdenGlyph Search for a glyph featuring
a concrete score on
selected variable

Find a glyph with the score 1 on variable 5 Complementary to Task 1, examine how
users search for a glyph that features a
certain datapoint value

T 3-FindGlyph Search for a glyph Search for the same glyph as the one shown in the
task panel

Examine how effectively users search for
either a polyline or star glyph

T 4-SimilGlyphs Point out the two most
similar glyphs

Point out the two most similar glyphs Examine how effectively users search for two
similar glyphs (polyline glyphs or star
glyphs)

T 5-DistinctGlyphs Find two glyphs with the
most distinctive cases

Find two glyphs with the most distinctive cases Examine how effectively users search for
distinctive glyphs (polyline glyphs or star
glyphs)

T 6-CompArea Find a compact area of three
glyphs that are similar to
each other

Indicate a compact area that consists of three glyphs
of similar shape

Examine whether user performance
regarding finding similarities is better for
polyline or star glyphs
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deviation is set as 1° of the visual angle. Next, each parti-
445 cipant fills in the personal questionnaire. This is followed

by a short instruction about glyph-based visualization and
each participant is given 2 min to play around with the
display. The testing consists of two parts. In both parts,
participants solve six user tasks (see Table 1). However, in

450 the first part, 48 glyphs constitute a grid plot, whereas in
the second part, they constitute a map display with the

coordinates of the municipalities they represent. In the
second phase (a few days later), participants perform the
same six tasks again, but with the complementary variant.

455Hence, within the entire session, each participant solves
the six user tasks for each of the four layout modes. After
the user testing in the second phase, participants fill in the
subjective questionnaire and perform the psychological
test on their cognitive style.

Figure 4. The design of the individual user session.
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460 Data obtained

Eye-movement data are recorded as “screen recording”
type of stimulus. Result of the recording is a separate
video file obtained for each participant. Therefore, to ana-
lyze all recordings together, we use the Custom Trial

465 Selector from the SMI BeGaze software to combine all
videos by task. The custom trial is designed for each task
as a screenshot, and then the corresponding part of each
recording is assigned to it. In the analysis of eye-movement
data, we use the I-DT algorithm for fixation detection

470 (Salvucci & Goldberg, 2000). This algorithm is mostly
used for low-frequency data (up to 250 Hz) and takes
into account the close spatial proximity of the eye position
points in the eye-movement trace. Threshold values in
BeGaze are set to 80 ms for “duration threshold” and

475 50 pixels for “dispersion threshold,” as these values are
suggested as optimal (Popelka, 2014).

To analyze answer accuracy in T 4–6, scores on the
similarity measure for all possible pairs of glyphs need to
be calculated. To do this, we use the SimUrb software

480 (eyetracking.upol.cz/simurb) – a derivative of the
ScanGraph software (Dolezalova & Popelka, 2016). It cal-
culates the similarity measure for all pair of glyphs – the
Euclidean distance in n-dimensional space. All statistical
tests are executed in RStudio at 0.05 significance level.

485 Data analysis

The subjective questionnaire about glyphs

Since the questionnaire is presented at the end of the
second phase (see Figure 4), all participants use all four
layout modes (M 1–4) ahead of the questionnaire. In its

490analysis, weighted scores are used to amplify higher
ratings: The values leading to both ends of the scale
have increasing weights, from 1 to 3 (the middle value,
0, is subtracted from the analysis). In all but Q 3, star
glyphs receive more points (Figure 5); it is not a sur-

495prise, because Q 3 concerns value estimation (required
in T 1-EstimVal and T 2-IdenGlyph), to which polyline
glyphs are supposedly better tailored. Although the
answers are almost balanced in Q 1 about usability,
from the aesthetics point of view (Q 2), participants

500prefer star glyphs. Finally, more points are given to
star glyphs in Q 4 and Q 5, about glyph comparison
and area overview, respectively.

Eye-movement analysis: trial duration metric by
task and layout mode

We analyze trial duration by task and layout mode. This
505metric shows how long it takes to solve a task. A quick

look at the boxplots in Figure 6 will reveal that in the
comparison of the grid plot and the map display (con-
sisting of the same glyph types), all tasks are solved
quicker if the map display is used. Statistically significant

510results of the Kruskal–Wallis test with the post hoc
Nemenyi test are found for a number of configurations
(marked with asterisks in Figure 6). However, statistically
significant differences (p = 0.02) between polyline and
star glyphs on the same display are found only for map

515display in T 3-FindGlyph: It is faster to find a star glyph.
In turn, the Wilcoxon rank-sum test reveals statisti-

cally significant differences between the grid plot and
the map display (regardless of the glyph type) for
T 1-EstimVal (W = 1871, p < 0.001), T 4-SimilGlyphs
(W = 1766, p = 0.007), and T 6-CompArea (W = 2195,

Figure 5. The outcomes of the subjective questionnaire about glyphs.
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520 p < 0.001). In these three cases, the map display proves
to be quicker. When it comes to the differences
between polyline and star glyphs (regardless of the
display type), the Wilcoxon test reveals statistically
significant differences (star glyphs are quicker) for

525 T 3-FindGlyph (W = 1927.5, p < 0.001) and
T 4-SimilGlyphs (W = 1770, p = 0.007).

From the analysis above, it is apparent that trial
duration metric is task  dependent and in particular,
tasks of higher values are observed for different con-

530 figurations, for either polyline or star glyphs.AQ6 From this
reason, user behavior during task execution is further
analyzed separately for subsequent tasks.

Eye-movement analysis: fixation counts in glyphs
by task and layout mode

535 If fixation counts in glyphs are compared in various
tasks and layout modes (see Figure 7), more numerous
fixations occur in the last three tasks in general, and in
T 6-CompArea’s grid plot in particular. These are
caused by the intensive visual searches required for

540 those tasks. The Kruskal–Wallis test with the post hoc
Nemenyi test reveals statistically significant differences
for a number of configurations (marked with asterisks
in Figure 7). The significant differences are similar to
those reported in the preceding section.

The glyphs that participants look at depend on their
545user tasks. For example, to read datapoint values

encoded in a given glyph in T 1-EstimVal, participants
can either use the key (“absolute interpretation”) or
compare the glyph with other glyphs (“relative inter-
pretation”). In T 1-EstimVal, fixations are more numer-

550ous in the selected glyph and its neighborhood (the
latter may be caused by the eye-tracker inaccuracy),
because participants look at the nearest surroundings
of the selected glyph and do not look at the bottom
part of the grid plot (Figure 8). This may mean that

555participants do not tend to compare the glyph’s shape
with other glyphs. In more distant glyphs, only a few
fixations occur and they probably accompany the gaze
movements from the selected glyph to the key.

In the remaining tasks, fixations are scattered
around the whole stimuli, as participants search for

560glyphs. In T 2-IdenGlyph, such behavior can lead to
glyph decoding executed through comparison with
other glyphs (“relative interpretation”). Furthermore,
in T 2-IdenGlyph’s grid plot, participants look mostly
at the first two rows and finish solving the task just

565after localizing the first glyph fulfilling the require-
ment. In T 3–6, the displays are also fully covered by
fixations; hence, all glyphs attract attention.
Nevertheless, in T 4-SimilGlyphs, most fixations are
recorded for the glyphs selected by participants, mostly

570for Klæbu and Malvik, particularly in the map display.

Figure 6. Trial duration metric by task and layout mode.
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Answer accuracy and visual behavior in particular
tasks

T 1: glyph value estimation
Answer accuracy. In T 1-EstimVal, participants read

575 datapoint values of two variables ( 5 and  10) in a
marked glyph. To avoid a learning effect, there are
two different glyphs marked in two subsequent layout
modes used in the same test session: Leksvik in the grid
plot and Selbu in the map display. To examine estima-

580 tion accuracy, an average difference between estimated
values and correct scores is calculated. The same as
claimed in Q 3 in the subjective questionnaire, better
answer accuracy (lower average differences) is observed
for polyline glyphs. However, the Kruskal–Wallis test

585 with the post hoc Nemenyi test reveals no statistically
significant differences in estimation accuracy between
any pair of the four layout modes.

Areas of interest analysis. Users need a key (legend) to
solve T 1-EstimVal. We therefore examine how intensively

590 the key is used in the four layout modes. The dwell time
measure calculated for the areas of interest (AOIs) marked
around various parts of the stimuli shows what portion
(percentage) of the trial duration participants spend in
particular AOIs. The key is used longer for star glyphs

595 (medians of 9.5% and 12% for the grid plot inM 3-StarGrid
and the map display inM 2-StarMap, respectively) than for

polyline glyphs (8.5% for M 1-PolyGrid and 8.6% for
M 4-PolyMap). However, the Kruskal–Wallis test with the
post hoc Nemenyi test reveals no statistically significant

600difference. Slightly higher attention to the key when using
star glyphs occurs in the revisits measure, which informs
how many times participants revisit the AOI with the key
during the trial duration. The numbers of revisits for star
and polyline glyphs are, respectively, 4 and 3 (medians) in

605the grid plot, and 4 and 2 in the map display. Statistically
significant difference is found between polyline and star
glyphs (regardless the display type) using theWilcoxon test
(p = 0.02).

We also investigate the number of transitions
610between the AOI with the key and the AOI with either

the grid plot or the map display. It turns out that
participants look at the key more frequently if star
glyphs are used: In the grid plot, participants move
their visual attention from the main display to the

615key (total switches between the two AOIs) 146 times
for star glyphs (M 3-StarGrid), and 142 times for poly-
line glyphs (M 1-PolyGrid). By contrast, in the map
display, we again observe 146 such transitions for star
glyphs (M 2-StarMap), and only 127 for polyline glyphs.

620T 2: search for a glyph featuring a concrete score on
selected variable
Answer accuracy. In T 2-IdenGlyph, participants
search for a glyph that leads to the value of 1 on

Figure 7. Fixation count in glyphs by task and layout mode.
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variable 5. The difference between the chosen glyph’s
625 score on variable 5 and the value of 1 is calculated for

each participant. The participants’ answers for star
glyphs are slightly better [ this contradicts the responses

to the subjective questionnaire (Q 3) that polyline
glyphs are more suitable than star glyphs for value

630estimation ]; however, the Kruskal–Wallis test reveals
no statistically significant differences.

Figure 8. Fixations by task and layout mode.
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AOI analysis. Although participants also need the key
to solve T 2-IdenGlyph, they look at it a shorter time
than in T 1-EstimVal. They spend 9.05% of the trial

635 duration looking at the key in T 1, whereas in T 2, the
corresponding percentage is only 1.55% (3623 and
496 ms, respectively). This may be due to a learning
effect. In T 1, participants have already learned how to
decode variables, and therefore they have less need for

640 the key in T 2.
We also analyze the visual behavior of participants

with poor answer accuracy. In most cases of poor
answers, participants use the map display with polyline
glyphs. Furthermore, poor answers appear especially

645 common for the glyphs for Stjørdal and Trondheim
that score high on variable 6. This may be the reason
why the participants mix it up with variable 5.

T 3: search for a glyph
Answer accuracy. In T 3-FindGlyph, participants search

650 for the same glyph as the one – the specimen – shown in
the task panel (see Figure 3). Although for both glyph
types, the glyph for Holtålen municipality is used, the
two glyph versions differ strongly with regard to shape.

The answer accuracy is high and all but three
655 answers are correct. Three incorrect answers occur in

the grid with polyline glyphs (M 1-PolyGrid). This find-
ing may confirm the results of the questionnaire s, in
which (Q 3) star glyphs are claimed as more suitable for
glyph comparison.

660 AOI analysis. Transitions between the display and the
specimen reveal that participants move their attention
to the specimen less frequently if a star glyph is found:
131 times (total switches between the two AOIs) when
using the grid plot and 137 times for the map. For

665 polyline glyphs, the corresponding number of times is
226 for the grid and 253 for the map. This may suggest
that it is more difficult to remember the shape of a
polyline glyph than of a star glyph since, in the latter
case, participants do not need to bring back the shape

670 of the specimen so often. This claim can be further
backed up by the analysis of revisits of the specimen.
The Wilcoxon rank-sum test reveals statistically signif-
icant differences (W = 2000, p < 0.001) between poly-
line glyphs and star glyphs for both the grid and the

675 map (Figure 9). This means that the participants look
at the specimen less frequently when searching for a
star glyph. We thus interpret this that it is easier to
remember a star glyph and that its specimen does not
need to be checked so often.

We examine how quickly participants make the final
680 decision after localizing the glyph in the display, and

thus how certain they are. We also want to know what

they do after localizing the glyph, how many times they
revisit the specimen, and whether they check the
remaining glyphs to be more confident. The analysis

685reveals that there is no difference between glyph and
display types. Participants exhibit similar levels of con-
fidence in all layout modes.

T 4: point out two most similar glyphs
Answer accuracy. In T 4-SimilGlyphs, participants

690point out the two most similar glyphs. To examine
answer accuracy, the scores on the similarity measure
need to be first calculated for all possible pairs of
glyphs. To do this, we use the SimUrb tool. Then, we
check the scores received for the pairs chosen by the

695participants. The highest similarity (0.89 in the range
0–1) features the pair Klæbu–Malvik, and this pair is
selected 50 times in all 104 trials. The Kruskal–Wallis
test reveals statistically significant differences
(p = 0.001) between the accuracy of the answers given

700by those who use polyline and star glyphs in the map
display. The test also returns statistically significant
differences (p = 0.001) between polyline glyphs in the
grid (M 1-PolyGrid) and star glyphs on the map
(M 2-StarMap) (Figure 10(a)). In these cases, star

705glyphs perform better: Star glyphs selected by partici-
pants as pairs are more similar than pairs of polyline
glyphs. This analysis correlates with the subjective
questionnaire, in which star glyphs are claimed more
suitable for comparisons of glyphs and hence for find-

710ing similar glyphs. Moreover, as expected from the trial
duration analysis by layout mode (described earlier in
this paper), the map gives better results than the grid
plot for T 4-SimilGlyphs. For these two displays
(regardless of the glyph type), the Kruskal–Wallis test

715reveals a statistically significant difference (p = 0.029).

Scanpath length analysis. We use scanpath length (the
length of the gaze trajectory) in the data analysis
because, as Holmqvist et al. (2011) claim, it measures
the efforts needed for visual search, and therefore it
might reflect task complexity. In the comparison of the

720grid plot and the map display, the Kruskal–Wallis test
reveals statistically significant differences (p < 0.001):
Shorter scanpaths are recorded for the map display
(Figure 10(b)). In turn, in the comparison of polyline
and star glyphs, although shorter scanpaths are

725observed for the latter, the difference is not statistically
significant (W = 1569, p = 0.158).

T 5: find two glyphs with the most distinctive cases
Answer accuracy. T 5-DistinctGlyphs is similar to
T 4-SimilGlyphs, except that participants in

730T 5-DistinctGlyphs point out two the most
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distinctive glyphs from all glyphs presented in the
display. As in T 4-SimilGlyphs, the SimUrb tool is
used in T 5-DistinctGlyphs for data analysis.
However, we calculate an average similarity for

735 each of two selected glyphs and all remaining
glyphs. The lowest average similarity (i.e. most dis-
tinctive glyphs) is calculated for Leka (0.55) and
Trondheim (0.59). These two glyphs are selected
30 and 8 times, respectively, in all 104 trials.

740 However, a combination of both glyph types is
selected only once, on the map display with polyline
glyphs.

The Wilcoxon test reveals a statistically significant
difference (W = 993.5, p = 0.018) between the answer

745accuracy of those who use star glyphs and those who
use polyline glyphs (regardless of the display type).
“Better” answers (lower average similarity of two
selected glyphs) are given by those who use polyline
glyphs. We also test the differences between polyline

750and star glyphs separately for the grid and the map.
The Wilcoxon test reveals a statistically significant dif-
ference (W = 398, p = 0.028) between polyline and star
glyphs only for the grid. In this analysis, too, lower
average similarity is observed for polyline glyphs. The

Figure 9. Revisits of the area of interest (AOI) marked around the specimen in the task panel.

Figure 10. The outcomes of T 4-SimilGlyphs (point out two most similar glyphs) by layout mode: (a) scores on the similarity measure
calculated for the pair of glyphs selected by participants and (b) the scanpath length metric.
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755 latter observation along with the previous one contra-
dicts the observations from T 4-SimilGlyphs in which
star glyphs are found better for finding similar (and
thus different) glyphs.

Scanpath length analysis. In the scanpath length ana-
760 lysis, the Kruskal–Wallis test shows a clear tendency

toward significance (p = 0.055) only for the difference
between polyline glyphs in the grid and star glyphs on
the map. This may indicate that although in
T 5-DistinctGlyphs, polyline glyphs facilitate better

765 answer accuracy, T 5-DistinctGlyphs can be more
“easily” solved if star glyphs are used, particularly on
the map display. Further research is however needed to
better elaborate this.

T 6: find a compact area of three glyphs that are
770 similar to each other

Answer accuracy. T 6-CompArea is similar to
T 4-SimilGlyphs. However, participants search for a
compact area of the three most similar glyphs.
Although the purpose of this task is clear for the map

775 display, since glyph positions are dependent upon the
municipalities they represent, the purpose of this task
may be questioned if the grid plot is to be used where
glyph positions are random. We use T 6-CompArea for
the grid plot, as well to ensure consistency in the

780 testing.
Although it is stated that selected glyphs must be

adjacent, some participants select glyphs (5 times in
104 trials) that are far away. As we suppose, they do
this because they do not read the task question suffi-

785 ciently carefully. We calculate average similarity scores
for all selected glyph triplets and use them as the

answer accuracy measure. The highest similarity score
for three adjacent glyphs in the map display is found
for the triplet Klæbu–Malvik–Melhus (an average of

7900.87). This triplet is selected 19 times of 104 trials.
The Kruskal–Wallis test reveals statistically significant
differences [shown marked with asterisks in Figure 11
(a)] between four layout modes. Moreover, the
Wilcoxon test reveals a statistically significant differ-

795ence (W = 371.5, p < 0.001) between two display types:
the map display gives better results. Regarding the
difference between polyline and star glyphs, as visible
in Figure 11(a), the average similarity of selected star
glyphs seems to be higher than the similarity of poly-

800line glyphs. However, the Wilcoxon test reveals no
statistically significant difference (W = 1136,
p = 0.157) between two glyph types.

Scanpath length analysis. For the scanpath length
metric, the Kruskal–Wallis test gives statistically signif-
icant differences for the same combinations as in

805T 4-SimilGlyphs. In this case, too, there are no statisti-
cally significant differences between two glyph types in
the same display (p = 0.976 for the grid plot, p = 0.795
for the map display). Longer scanpaths are observed for
the grid plot than for the map display and slightly

810longer scanpaths are observed for star glyphs than for
polyline glyphs (Figure 11(b)).

The test of the participants’ cognitive style:
analytic versus holistic users

In the cognitive style test, 32 images are displayed that
815show big numbers (hereafter referred to as BNs) com-

posed of small numbers (SNs). Participants are asked

Figure 11. The outcomes of T 6-CompArea (find a compact area of three glyphs that are similar to each other) by layout mode: (a)
average scores on the similarity measures calculated for triplets of glyphs selected by participants and (b) the scanpath length
metric.
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about either BNs or SNs, in 16 images for each. From
the Hypothesis software used to run the test, we obtain
the average times for SNs and BNs for each participant.

820 Then, we calculate averages for SNs and BNs for the
whole sample (n = 26). The times obtained for BNs are
13% shorter than those obtained for SNs. Therefore, to
eliminate the global precedence effect (Navon, 1977),
we equalize both data samples by multiplying the SN

825 times by coefficient 0.87 (as it reduces them by 13%).
Finally, we calculate the quotient of the BN time and
the SN time; the value of 1 represents the most
balanced (analytic vs. holistic) participants.
Participants who feature the smallest deviation from 1

830 (who deviate to less than 10%) are labeled neutral
(Table 2). Remaining participants are labeled as either
analytics (six participants with better performance for
SNs) or holistics (seven participants with better perfor-
mance for BNs).

835 We examine which participants – analytic or holistic
– perform better regarding answer accuracy, trial dura-
tion, and fixation frequency. For answer accuracy, hol-
istics perform better only in T 4-SimilGlyphs. In
T 2-IdenGlyph and T 3-FindGlyph, the results are simi-

840 lar for both groups, whereas in T 1-EstimVal, 5, and 6,
analytics have better results. However, the Wilcoxon
test does not reveal any statistically significant differ-
ences for any of these results. With regard to trial
duration, holistics are faster in almost all tasks

845(Figure 12(a)), as expected. The only exception is
T 1-EstimVal, in which participants do not need to
search for any glyph but only estimate two datapoint
values in a selected glyph. Again, no differences
between analytic and holistic participants are statisti-

850cally significant.
The fixation frequency measure shows the number

of fixations per second. In T 1-EstimVal and
T 2-IdenGlyph, fixation frequency is higher for analy-
tics, but in the remaining tasks, holistics have higher
fixation frequency (Figure 12(b)). Furthermore, in

855T 5-DistinctGlyphs and T 6-CompArea, the Wilcoxon
rank-sum test reveals statistically significant differ-
ences: W = 201, p = 0.013 and W = 221.5, p = 0.035,
respectively.

Results and discussion

860In this section, we relate the findings of the empirical
part to the research questions (RQ 1–3). We then
summarize our assessment of which glyph and display
type is most effective (answer accuracy) and most
efficient (trial duration and other eye-tracking

865metrics). Moreover, we present our conclusions
about whether users find star glyphs or polyline
glyphs more satisfying. We refer to these three
aspects – effectiveness (task completion by users),
efficiency (task in time), and satisfaction (responded

870by users in terms of experience) – because according
to ISO (9241-11), they constitute usability in a given
context of use (users, tasks, equipment , and
environments).

RQ 1: polyline versus star glyphs

875In general, star glyphs perform better than polyline
glyphs. In most cases, their use leads to better answer
accuracy and shorter task accomplishment time
(Table 3). “Strong” results are obtained especially for
T 3–5, in which participants need to compare glyphs in

880a display. In these three tasks, star glyphs receive better
scores in the subjective questionnaire (Q 3). They also
feature fewer revisits in T 3-FindGlyph (i.e. better effi-
ciency) in which the participant needs to compare
glyphs with the specimen. The analysis reveals no sta-

885tistically significant differences for any of the results
from T 2-IdenGlyph and T 6-CompArea. Nevertheless,
polyline glyphs receive better ratings in the subjective
questionnaire in T 2-IdenGlyph, whereas star glyphs
receive better ratings in T 6-CompArea.

890Polyline glyphs receive better scores in T 1-EstimVal,
in which participants read the datapoint values of two
variables. In this task, better answer accuracy and

Table 2. The distinction between analytic and holistic partici-
pants based on the outcomes of the test of their cognitive
style.
ID Ratioa Difference Cognitive style

P04 1.470 0.470 Analytic users
P10 1.470 0.470
P09 1.234 0.234
P17 1.161 0.161
P11 1.158 0.158
P14 1.107 0.107
P24 1.079 0.079 Neutral users
P19 1.056 0.056
P15 1.035 0.035
P07 1.033 0.033
P12 1.023 0.023
P08 0.995 −0.005
P03 0.947 −0.053
P06 0.939 −0.061
P22 0.928 −0.072
P23 0.916 −0.084
P05 0.914 −0.086
P18 0.911 −0.089
P02 0.902 −0.098
P16 0.870 −0.130 Holistic users
P13 0.861 −0.139
P20 0.841 −0.159
P21 0.838 −0.162
P01 0.837 −0.163
P26 0.818 −0.182
P25 0.769 −0.231

aThe quotient of the BL time and the SL time.
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shorter task accomplishment time  are observed for
those who use polyline glyphs; however, the analysis

895 reveals no statistically significant differences. In
T 1-EstimVal, the analysis reveals significant result for
the revisits to the key. Participants do not need to
check the key as frequently in the case of polyline
glyphs compared with star glyphs. We suppose that

900 better performance of polyline glyphs might be caused
by the linear order of variables encoded in a polyline

glyph, thus resulting in their easier interpretation. In
star glyphs, users must find variable positions, and this
needs more effort (i.e. more time and more numerous

905revisits). Lastly, in the subjective questionnaire (Q 1),
participants’ preferences for estimating values lean
strongly toward polyline glyphs.

Polyline glyphs seem to perform better if they are
used to read datapoint values encoded in glyphs.

910However, if comparisons are made among glyphs or

Figure 12. Analytic versus holistic participants by task: (a) the trial duration and (b) the fixation frequency measure.
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if a compact area of glyphs is found with glyphs that
are similar to each other, then star glyphs work better.
These findings confirm, to some extent, those reported
by Goldberg and Helfman (2011). Indeed, linear graphs

915 support the dimension-finding task better than do
radial graphs.

RQ 2: grid plot versus map display

The outcomes are consistent when the grid plot is
compared with the map display. Although the answer

920 accuracy in T 2-IdenGlyph and the revisits measure in
T 3-FindGlyph are inconclusive (Table 4) and median
values of these metrics for the grid and the map are the
same, in the majority of tasks, map works better than
grid. The only exception is T 1-EstimVal, in which a

925 glyph is marked and participants estimate its datapoint
values. However, given the nature of this task, display
type makes no difference to users.

It can be assumed that maps’ geographical back-
ground may function as noise in user tasks not related

930 to the spatial context, and therefore arranging glyphs in
a grid may facilitate their decoding and increase user
performance in tasks such as T 1-EstimVal and
T 3-FindGlyph. However, on maps, similar glyphs are

more likely to be near to each other, since adjacent
935municipalities may feature similar variable scores.

Therefore, the map’s better results in T 4-SimilGlyphs
and T 6-CompArea do not surprise us. In other cases,
the map’s better results are not explained. It can be
speculated that this might be due to the participants’

940lack of familiarity with grid plots and due to the use of
the grid plot as first in the empirical study. However,
ahead of the testing, the participants are explained
what grid plots are and how they work. The partici-
pants are also given 2 min to freely examine the display

945used in the empirical study.

RQ 3: analytic versus holistic users

Apart from the differences between different glyph
and display types, we examine whether there are
certain features that influence user performance. We

950therefore verify whether different cognitive styles
(analytic and holistic) influence user behavior. We
take into account answer accuracy, task accomplish-
ment time, and fixation frequency (Table 5).
Although in T 2-IdenGlyph and T 3-FindGlyph, holis-

955tics and analytics show the same results, in other
tasks analytics generally feature greater answer

Table 3. Polyline versus star glyphs.

Task Better answer accuracy Shorter task accomplishment time
Eye-movement data analysis: revisits of

specific AOIs (R) or SL Subjective questionnaire

T 1-EstimVal Polyline glyphs Polyline glyphs R Polyline glyphs 
a Polyline glyphs

T 2-IdenGlyph Star glyphs Star glyphs SL Polyline glyphs Polyline glyphs
T 3-FindGlyph Star glyphs (no errors)a Star glyphsa R Star glyphsa Star glyphs
T 4-SimilGlyphs Star glyphsa lStar glyphsa SL Star glyphs Star glyphs
T 5-DistinctGlyphs Polyline glyphsa Star glyphs SL Star glyphs Star glyphs
T 6-CompArea Star glyphs Polyline glyphs SL Polyline glyphs Star glyphs

SL: Scanpath length. aStatistically significant or strong results.

Table 4. Grid plot versus map display. 
Task Better answer accuracy Shorter task accomplishment time Eye-movement data analysis: revisits of specific AOIs (R) or SL

T 1-EstimVal Grid plot Map displaya R Map display
T 2-IdenGlyph Inconclusive Map display SL Map displaya 
T 3-FindGlyph Map display (no errors)a Map display R Inconclusive
T 4-SimilGlyphs Map displaya Map displaya SL Map displaya 
T 5-DistinctGlyphs Map display Map display SL Map displaya 
T 6-CompArea Map displaya Map displaya SL Map displaya 

SL: Scanpath length. aStatistically significant or strong results.

Table 5. Analytic versus holistic users.
Task Better answer accuracy Shorter task accomplishment time Higher fixation frequency

T 1-EstimVal Analytic users Analytic users Analytic users
T 2-IdenGlyph Inconclusive Holistic users Analytic users
T 3-FindGlyph Inconclusive Holistic users Holistic users
T 4-SimilGlyphs Holistic users Holistic users Holistic users
T 5-DistinctGlyphs Analytic users Holistic users Holistic usersa 
T 6-CompArea Analytic users Holistic users Holistic usersa 

aStatistically significant results.
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accuracy, whereas holistics need less time to solve
tasks and feature higher fixation frequency.
However, in the comparison between analytic and

960 holistic users, statistically significant differences are
revealed only for the fixation frequency in T 5-
DistinctGlyphs and T 6-CompArea. These results are
in accordance with those reported by Tang (2010):
For the majority of tasks, fixation frequency is higher

965 for holistics, because they are more proficient at sen-
sing a system’s large-scale patterns and reacting to
them instead of investigating the system’s parts.

Although the comparison between analytic and hol-
istic users provides inconclusive results, they can serve

970 as suggestions for further research. In certain tasks (e.g. 
T 1-EstimVal), analyzing glyph details is more important
than sensing glyphs’ large-scale patterns and reacting to
them (Dewey, 2007). Therefore, it may explain the better
answer accuracy observed for analytics. Furthermore,

975 the shorter task accomplishment time and higher fixa-
tion frequency of holistic participants is not surprising,
since this visual behavior is expected for such users, as
they tend to act quicker and focus on general patterns
(Kubíček et al., 2016; Navon, 1977). Nevertheless, it is

980 necessary to take account of the fact that, in addition to
cognitive style, the way glyphs are marked on a map
may also be affected by cartographic knowledge and
experience, the pursuit for innovative solutions, and
certain personal aspects, which are not included in the

985 analytical and holistic dimensions, such as care.

Conclusions

Glyphs facilitate visual analysis of multivariate geogra-
phical data. Star glyphs are particularly common in
geovisualization; however, as they make use of polar

990 coordinates, their decoding is impeded. To remedy
this, in geovisualization tools – both in map displays
and grid plots – star glyphs can be replaced by polyline
glyphs. Our study reveals that if either polyline or star
glyphs can be used, polyline glyphs are better for facil-

995 itating tasks in which datapoint values are to be read.
By contrast, if the purpose is to facilitate visual search
among glyphs (i.e. to find similar or distinctive glyphs),
then star glyphs seem to be a better choice. Moreover,
our study reveals that polyline and star glyphs arranged

1000 as a map display work generally better than glyphs
grouped in a grid plot: Participants who use glyphs in
the grid to solve user task perform worse than those
who use glyphs shown on the map display. However,
this finding needs more research in the future.

1005 There are no particular differences in the visual
behavior of participants who use polyline glyphs and
participants who interact with star glyphs. One finding

is that participants use the key (legend) more fre-
quently if they read datapoint values from star glyphs

1010than if they do so from polyline glyphs. Therefore, our
research finding is that a key needs to be better incor-
porated in a visual interface if star glyphs are to be used
to support such user tasks. Finally, glyphs are likely to
be used more accurately by analytic users, although

1015analytic users can take more time in comparison with
holistic users.
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