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The present paper presents the performance of an experimental cartographic study towards
the examination of the minimum duration threshold required for the detection by the cen-
tral vision of a moving point symbol on cartographic backgrounds. The examined thresh-
old is investigated using backgrounds with discriminant levels of information. The exper-
imental process is based on the collection (under free viewing conditions) and the analysis
of eye movement recordings. The computation of fixation derived statistical metrics al-
lows the calculation of the examined threshold as well as the study of the general visual
reaction of map users. The critical duration threshold calculated within the present study
corresponds to a time span around 400msec. The results of the analysis indicate meaning-
ful evidences about these issues while the suggested approach can be applied towards the
examination of perception thresholds related to changes occurred on dynamic stimuli.
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Introduction

Map symbolization constitutes the fundamental pro-
cess for the visualization of geographic information dur-
ing cartographic production. Today, the majority of dis-
tributed cartographic products is directly related to the
use of digital monitors (e.g. computer monitors or moni-
tors of mobile devices etc.) and includes “animated” ma-
terial. Animated maps constitute a special type of carto-
graphic products, which are characterized by continuous
changes during their observation (Slocum, McMaster,
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Kessler, & Howard, 2009). In traditional mapping, “visu-
al variables” (Bertin, 1967/1983) are the basic graphic
elements for the implementation of map symbolization
process. Additional design tools, the so called; “dynamic
variables”, are also used in conjunction with visual varia-
bles for the production of animated maps. The original
list of dynamic variables was introduced by DiBiase,
MacEachren, Krygier, and Reeves (1992) and consists of
three variables; duration, rate of change and order. Sub-
sequently, MacEachren (1995) enriched this list by the
involvement of the variables of display date, frequency
and synchronization.

Many researchers (e.g. Karl, 1992; Griffin,
MacEachren, Hardisty, Steiner & Li, 2006; Harrower,
2007a) point out the need to evaluate the effectiveness of
animated maps, as well as visual attention issues in ani-
mated diagrams in comparison to static ones (e.g. Lowe
& Boucheix, 2010). The study of animated maps’ influ-
ence on the process of gaining knowledge is also consid-
ered important (Fabrikant, 2005; Harrower & Fabrikant,
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2008), while other researchers (Kraak & MacEachrean,
1994; Xiaofang, Qingyun, Zhiyong, & Na, 2005) suggest
the performance of experimental studies in order to inves-
tigate the function of dynamic variables for map symboli-
zation.

The study of map reading process is able to indicate
interesting points related to map symbolization. Consid-
ering that map reading constitutes a complex cognitive
process, the study of the related concepts requires the
contribution of theories, methods and approaches adopted
from visual perception and visual attention. This fact has
become clear in many research studies in cartography
(MacEachren, 1995; Keates, 1996; Lloyd, 1997; Sluter,
2001; Montello, 2002; Lloyd, 2005; Griffin & Bell, 2009
etc.). Studying the reaction of map readers during map
reading process requires the implementation of psycho-
logical methods, which are used for the examination of
visual behavior. As Ciotkosz-Styk (2012) suggested, “the
assumptions of psychological research were easy to
transfer into the language of cartography: the carto-
graphic symbols were treated as a stimulus, and their
perception, i.e. the way the map user reads them, was the
reaction to the stimuli”.

Several research studies have been already performed
in cartography and related disciplines (e.g. Geographic
Information Science) towards the examination of animat-
ed and interactive maps' effectiveness. Animated maps
are characterized by the existence of motion. Motion is
produced by the implementation of graphic changes in
successive visual scenes (frames) that compose an ani-
mated map. Therefore, the examination of how map read-
ers perceive these changes is of critical importance in the
field of map perception. Several empirical studies exam-
ine map readers' reaction in visual scene changes; Har-
rower (2007b) investigates the influence of classification
methods in animated choropleth maps, while other re-
search studies examine the influence of changing blind-
ness and the spatial distribution in the context of dynamic
cartographic visualizations (Fish, 2010; Fish, Goldsberry,
& Battershy, 2011; Moon, Seonggook, Kim, Eun-
Kyeong, Hwang, Chul-Sue, 2014). The examination of
these aspects is performed using choropleth maps in the
aforementioned studies, which constitute one of the most
popular methods in cartographic visualization.

Over the last years, eye tracking has become a com-
patible technique for the examination of visual percep-
tion. The methodological framework of eye tracking has
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great influence in several research disciplines (Du-
chowski, 2007). In cartographic research, eye tracking
has also become a robust tool for the examination of sev-
eral related topics. Despite the fact that early eye tracking
cartographic studies (e.g. Jenks, 1973) followed a general
approach without specific questions in order to examine
visual behavior during map reading process (Steinke,
1987), recent studies are related to the examination of
fundamental design elements of map symbolization (Gar-
landini & Fabrikant, 2009; Krassanakis, 2013; Dong,
Zhang, Liao, Liu, Li, & Yang, 2014; Kiik, 2015) based
on theoretical frameworks of vision and visual attention.
Furthermore, recent eye tracking cartographic experimen-
tation consists of a variety of studies related to different
map types including static (e.g. Krassanakis, Filippako-
poulou, & Nakos, 2011a), animated (e.g. Opach & Nos-
sum, 2011; Opach, Gole¢biowska, & Fabrikant, 2013),
interactive (e.g. Ooms, De Mayer, Fack, Van Assche, &
Witlox, 2012) and web (e.g. Alagam & Dalci, 2009)
maps. Moreover, specific cartographic processes are also
examined using eye tracking methodology including the
evaluation of critical points in map generalization (Bar-
giota, Mitropoulos, Krassanakis, & Nakos 2013), the
comparison between paper and digital maps (Incoul,
Ooms, & De Mayer, 2015), the comparison between 2D
and 3D terrain visualization (Popelka & Brychtova,
2013), comparisons of the performance between expert
and novice groups (Ooms, De Mayer, & Fack, 2014;
Stofer & Che, 2014), the introduction of new visualiza-
tion methods of eye movement data referred to as carto-
graphic lines (Karagiorgou, Krassanakis, Vescoukis, &
Nakos, 2014) etc.

Animations are an alternative visualization method
that may be used instead of text (Russo, Pettit, Coltekin,
Imhof, Cox, & Bayliss, 2014), or multiple small maps
(Griffin, MacEachrean, Hardisty, & Erik, 2006) for data
representation. The investigation of cognitive aspects
related to animated mapping may produce critical sugges-
tions about their function. Hence, several experimental
approaches aim to deliver critical suggestions about this
type of mapping and the related cognitive tasks (e.g.
Maggi & Fabrikant 2014; Maggi, Fabrikant, Imbert, &
Hurter, 2015;). For example, Nossum (2012) concludes,
through a web experimental study, that the solution of
semistatic animations (the case of weather maps is exam-
ined) may increase the performance of map users during
the execution of map reading tasks. The majority of the
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performed cartographic studies examine the cognitive
issues related to cognitive map tasks. The study of the
graphic design variables and the perception of them may
shed more light towards this direction.

Considering the aforementioned issues and studies,
we propose that eye tracking can be a valuable tool for
the examination of concepts related to map perception.
Especially in the case of animated maps, eye tracking is
able to give objective evidences (Duchowski, 2002) for
the study of map users' reaction indicating meaningful
information about limits and thresholds related to the
values of dynamic variables, which constitutes an im-
portant element towards the understanding of their func-
tion and their effectiveness.

Duration constitutes one of the fundamental design
tools for animated mapping (DiBiase et al., 1992;
MacEachren, 1995; Slocum et al., 2009). More specifi-
cally, this design variable can be used for the visualiza-
tion of thematic data with spatiotemporal characteristics
(e.g. flow maps, population changes, navigational appli-
cations etc.). The present paper contributes to the map
perception by determining the lower functional limit val-
ue of this variable. A cartographic experiment is per-
formed in order to examine the minimum threshold of the
dynamic variable of duration, which is required for the
detection of a moving point symbol on cartographic
backgrounds with discriminant levels of geographic in-
formation. Eye tracking data are collected for the perfor-
mance of the experimental process and eye movements’
analysis is based on fixations derived statistical metrics.
The analysis indicates meaningful evidences about the
minimum duration threshold required for the reaction of
map users while the provided approach can be applied for
the investigation of detection thresholds for dynamic
stimuli changes.

Methods

An experimental study is designed and performed
based on eye movement recordings and analysis. Subjects
observe a moving point symbol on cartographic back-
grounds with discriminant levels of graphic information.
The experimental process is executed under free viewing
conditions without any specific task to be required from
subjects and it examines the reaction of foveal vision in
moving point symbols on cartographic-based stimuli. The
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production of base maps with discriminant levels of visu-
al abstraction is based on the application of intensity
changes in base map symbols. According to Marr' s theo-
ry of vision (1982), the detection of intensity changes is
the first reaction and has a critical role during the percep-
tion of visual stimuli. The production of motion in point
symbol is based on Euclidean distance changes in sym-
bol's location. The experimental process is performed
through three parts (see section Stimuli).

Experimental design

Stimuli. A part of a real topographic map provided in
paper form by the Hellenic Military Cartographic Service
(HMCS) (Figure 1) constitutes the main cartographic
background that serves as the base map where point sym-
bols' location changes are depicted. As shown in Figure
1, the visual complexity of base map is very high; the
map involves a variety of cartographic symbols that rep-
resent several entities, such as road network, hydrological
features (e.g. rivers), names, point symbols (e.g. heights),
contours as well as several area symbols.

Figure 1
The main cartographic background used for the experimental
design is a part of a real topographic map.

Additionally, as referred above, discriminant base maps
are produced by modifying the value of intensity in each
map symbol, that process being feasible after the digitiza-
tion of the original source map. This process was per-
formed within the environment of the open source Geo-
graphic Information System (GIS) of Quantum GIS. The
selected intensity changes correspond to the percentages
of 35% and 70%. Despite the fact that these values are
selected empirically, intensity changes are in accordance
with the characteristic points of percentage reflectance
and color value curve in Munsell color system cited by
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Robinson, Morrison, Muehrcke, Kimerling & Guptill
(1995).

A blank (white, (R,G,B)=(255,255,255)) background
is also used as experimental stimulus. The experimental
process is executed into three parts depending on the used
base map; Part A includes the blank background, Part B
includes the original source map, and Part C includes the
digitized map and the two base maps produced after the
performance of intensity changes (Figure 2).

Part A Part B

T
Part C

Figure 2
Backgrounds with different level of information used for the
performance of the three experimental parts (Part A, B, & C).

The resolution of screen and stimuli are
1280x1024pixels while the selected size corresponds
approximately to the physical dimensions of 4.5x4.5mm
in stimuli monitor and a 15x15pixels compact and black
dot serves as the moving point symbol of the experiment.
The moving point is selected to be compact as the exist-
ence of topological feature such as hole and/or line ter-
minations may affect the process of visual perception
(Michaelidou, Filippakopoulou, Nakos, & Petropoulou,
2005; Krassanakis, 2009; Krassanakis, Filippakopoulou,
Nakos, 2011a). Changing the location of point symbol in
successive visual scenes allows subject to perceive this
difference as motion. Specifically, this change is based on
the parameterization of two variables; the distance
(change of location) between successive point symbols
and the duration of each visual scene. Taking into consid-
eration stimuli monitor's diagonal size, all distances are
classified into three categories in order to be equally
grouped within the stimuli; small (0-500pixels), medium
(500-1000pixels), and large (1000-1560pixels) distances.
On the other hand, the selection of duration values is
based on the minimum reported duration of fixation
event, which approximately corresponds to the value of
100msec (see section Fixation detection). The values of
the chosen distances are selected randomly within the
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predefined ranges (including small, medium, and large
group distances).

Part A and Part B, which correspond to the two “lim-
it” backgrounds (the blank one and this of high level of
geographic information), are used for the execution of a
preliminary study towards the first validation of the sug-
gested approach. For the execution of preliminary study,
the selected values of duration are 100msec, 150msec,
200msec, 250msec, 300msec, 350msec, 400msec,
450msec, 500msec, 600msec, 700msec, 800msec,
900msec, 1lsec, 2sec and 3sec. The selected durations
have a difference of 50msec for the range between 100-
500msec (where the investigated threshold is expected),
while the differences correspond to the minimum fixation
duration threshold for the range of 500msec-1sec. Addi-
tionally, the duration values of 1sec, 2sec, and 3sec are
also used in order to validate the experimental approach.
Due to the limitation of eye tracking equipment that al-
lows the experimental performance using specific number
of visual scenes, the durations are examined into two time
groups (Durations A & B). Both backgrounds (blank and
topographic map) are examined with both time groups.
Table Al (Appendix) presents the location coordinates of
point map symbols as well as selected distances and dura-
tions (into two groups), while the results of the prelimi-
nary study indicate that the moving point detection is
achieved within the range of 200-750msec (Krassanakis,
Lelli, Lokka, Filippakopoulou, & Nakos, 2013).

Hence, the selected durations for the execution of Part
C correspond to the values of 200msec, 337.5msec,
475msec, 612.5msec and 750msec. The differences be-
tween the selected values correspond to a range greater
than the minimum duration of fixation events but, con-
sidering that the estimation may be performed in the half
of this range (approximately in 69ms), the examination of
the duration threshold may be executed having precision
in duration smaller than the minimum reported fixation.
Table A2 (Appendix) presents the location coordinates
for each selected combination of duration and back-
ground with different intensity level. The location of
point symbol (hence, the distances) in the combinations
T1-T44 are the same with these used in preliminary study
while T45* and T46* combinations have been added in
order to equally select distances from three distances
groups. In total, 144 visual scenes with different back-
ground — moving point symbols combinations are pro-
duced; 49 visual scenes for Part A, 49 visual scenes for
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Part B, and 46 visual scenes for Part C. The total experi-
mental duration of each Part is equal to the sum of all
corresponded duration values. Therefore, there are no
pauses between stimuli.

Subjects. Totally 86 subjects participate in the pre-
sented research study, aged between 19-60 years for Part
A and B and 20-35 years for Part C. More specifically,
for the first group of durations 7 females and 14 males
participate in Part A and B, respectively, while for the
second group of durations 9 females and 12 males partic-
ipate in Part A and B, respectively. Additionally, 26 fe-
males and 18 males participate in Part C. All subjects of
this study are volunteers and have normal vision; without
the need of glasses or contact lenses. Each subject is ex-
amined separately in free viewing conditions. Subjects
are asked to observe a computer monitor where some
stimuli are presented. The only guidelines given to the
subjects are referred to eye tracker calibration and valida-
tion process.

The eye movement recording process is validated in
order to ensure the quality of the raw data that are used
for next step analysis (see next section for further details).
Taking into account the maximum accuracy (~1° of visual
angle) of the used eye tracking equipment, only the sub-
jects' gaze data collected within this threshold are consid-
ered for the analysis. The final dataset that is used for
fixations' calculation includes 16 subjects for the first
group of durations for Part A, 16 subjects for the second
group of durations for Part A, 17 subjects for first group
of durations for Part B, 16 subjects for second group of
durations for Part B, and 28 subjects for Part C of the
experimental study. Average spatial accuracy is comput-
ed before and after the presentation of the main experi-
mental stimuli. The results of the validation process re-
garding each experimental part as well as the total
achieved spatial accuracy are presented in Table 1.
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Table 1

Average value and standard deviation of spatial accuracy
before and after the presentation of the main stimuli for all
experimental Parts and in total.

Average value

and standard Average value and

deviation of standard deviation
Experimental spatial accuracy  of spatial accuracy
Part before the after the presenta-

tion of the main
stimuli (pixels)

presentation of
the main stimuli
(pixels)

Part A 21+10 31+14

Part B 29+13

Part C 247

Average spatial
accuracy before
the presentation

of the main
stimuli (pixels)

22 (~0.62°)

Average spatial
accuracy after
the presentation

of the main
stimuli (pixels)

28 (~0.77°)

Average spatial
accuracy (pix-
els)

25 (~0.70°)

Experimental setup & eye tracker’s function valida-
tion. The Viewpoint Eye Tracker® by Arrington Re-
search is used for the execution of the experimental
study. The process of eye movements recording is exe-
cuted in 60Hz, which means that the location of human
gaze is recorded approximately every 16.67ms. Further-
more, gaze detection is implemented using pupil location
method while the spatial accuracy of the eye tracker de-
vice lies within the range of 0.25°-1° of visual angle. A
chin rest mechanism is also used for head stabilization
allowing the achievement of the optimal accuracy of the
eye tracker system. Stimuli projection is executed in a 19-
inch computer monitor with 1280x1024pixels resolution
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while the distance between monitor and subject is 60cm
that corresponds to the typical distance for monitor view-
ing (Jenny, Jenny, & Raéber, 2008). More information
about the function and the capabilities of the laboratory
equipment is cited by a previous study (Krassanakis, Fil-
ippakopoulou, & Nakos, 2011b).

In order to validate the results of eye movement re-
cording process a calibration process is performed before
and after the presentation of experimental stimuli. This
process is based on a five fixed targets stimulus while the
spatial distribution of all targets is selected in order to
cover uniformly the range of stimulus monitor. Subjects
observe each target for 3sec. The estimation of the aver-
age gaze location that corresponds to each fixed target is
based on the performance of fuzzy C-means (FCM) algo-
rithm (Bezdek, 1981) which is executed for the two col-
lected datasets (before and after the presentation of the
experimental stimuli), produced during the experimental
process using the number of fixed targets in each dataset
(n=5) as the number of classes for clustering process. In
this way, the spatial accuracy produced during the execu-
tion of each experimental trial can be reported indicating
the effectiveness of the procedure.

Furthermore, in order to ensure the normal function of
eye tracker device, a validation procedure is executed
using a pair of fake eyes, a blue and a brown one, which
are adapted in an artificial head (Figure 3). Artificial eyes
have already been used in previous studies either for the
examination of pupil detection (e.g. Bodale & Talbar
2010; 2011) or for checking eye tracker equipment's
noise (Coey, Wallot, Richardson, & Orden, 2012).

Figure 3
Adaptation of the eye tracking equipment in an artificial head
with a pair of artificial eyes.

Except from the need to validate eye tracker's func-
tion, in the present study eye tracker's noise is recorded in
order to serve as a critical indication for the performance
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of the algorithm for fixation detection process (see sec-
tion Fixation detection). Totally, 10,515 gaze points are
recorded within 2.92min using the mode of 60Hz fre-
quency. The noise of eye tracker's system is computed
considering both the spatial and the temporal dimension.
Regarding the spatial noise, the total deviation is comput-
ed using the formula siw®™@'=(s,2+s,%)*2, where sxand sy
values correspond to the standard deviation in horizontal
and vertical dimensions, respectively. Additionally, the
temporal noise is computed as the standard deviation of
the average time between successive gaze points and the
standard deviation of the average recorded frequency. All
noise measures referred above are performed for both
eyes while the results of the process are presented in Ta-
ble 2.

Table 2

Noise measurement in both spatial and temporal dimension
during the recording of eye tracking data using a pair of
artificial eyes.

Spatial dimension

Eye A Eye B
Average position in horizontal dimen- 554.1652  572.1475
sion (pixels)
Average position in vertical dimen-  391.8231  455.4601
sion (pixels)
Standard deviation in horizontal di- 0.3124 0.2989
mension (pixels)
Standard deviation in vertical dimen- ~ 0.8859 0.5787
sion (pixels)
Total deviation (pixels) 0.9393 0.6514
Temporal dimension
Eye A Eye B
Average temporal distance between 16.6593 16.6578
successive gazes (msec)
Standard deviation of the average 0.1661 0.3172
(msec)
Average recording frequency (Hz) 60.0265 60.0319
Standards deviation of the recording 0.0006 0.0011
frequency (msec)
Total number of gaze recordings 10515

Eye Movement Analysis

The analysis of the collected eye movement record-
ings aims at delivering critical indications about the min-
imum duration threshold required for the detection of the
moving point symbols on the examined cartographic
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backgrounds. It has to be mentioned that the concept of
detection is referred only to the process of central vision
(and not to peripheral), which is feasible to be recorded
using eye tracking equipment. The investigation of the
examined threshold is performed through the detection of
fixation events and the computation of specific fixation
derived statistical metrics.

Fixation detection. Fixation detection constitutes the
most fundamental process during eye tracking experi-
mentation as it has a great influence in next level analysis
(Salvucci & Goldberg, 2000). In the present study, fixa-
tion detection process is performed using the dispersion
based (I-DT) algorithm introduced by Krassanakis, Filip-
pakopoulou, and Nakos (2014). This algorithm is execut-
ed through EyeMMV toolbox (Krassanakis et al., 2014),
which was designed in order to serve as a post experi-
mental analysis tool. The performance of the used algo-
rithm requires the selection of three parameters; two spa-
tial parameters (t1,t2) and a temporal one which corre-
spond to the minimum fixation duration. The spatial pa-
rameter t; is linked to the spatial range of foveal vision
while spatial parameter t, may be used in order to remove
the noise produced by the recording process.

The selection of fixation spatial dispersion thresholds
is considered very important for fixation identification
process (Blignaut & Beelders, 2009). The spatial parame-
ters of the used algorithm are based on the computation
of the Euclidean distance of each fixation cluster. Hence,
the expression of spatial thresholds as radial values of
fixation clusters, as indicated in several studies (see e.g.
Camilli, Nacchia, Terenzi, & Di Nocera, 2008), allows
the selection of the appropriate thresholds. Several stud-
ies (Salvucci & Goldberg, 2000; Jacob & Karn, 2003;
Camilli et al., 2008) suggest the selection of this radical
threshold within the range of 0.25°-1° of visual angle
while more recent studies (Blignaut 2009, Blignaut &
Beelders, 2009) indicate that the selection of this thresh-
old may lie within the range of 0.7°-1.3° of visual angle.
Taking into consideration the above cited studies and the
fact that the noise produced by the eye tracker equipment
is quite small, and practically very close to zero (Table
3), the same value for both spatial parameters t; and t; is
selected, equal to the value of ti= t,=1° of visual angle
(corresponds approximately to 36pixels in stimuli moni-
tor).

On the other hand, the temporal parameter of the used
algorithm corresponds to the minimum duration of fixa-
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tion events. Several studies discuss the temporal thresh-
old during fixation detection. According to the study of
Jacob and Karn (2003) and this of Poole and Ball (2005)
the minimum fixation duration values are reported within
the range of 100-200ms. Additionally, Goldberg and
Kotval (1999) suggest that the discussed range lies be-
tween 100-150msec while Duchowski (2007) mentions
that the minimum duration is performed after the time
threshold of 150ms. The selection of temporal threshold
is also very important for the process of fixation analysis
while it must be compatible with the experimental condi-
tions. The present study is executed under free viewing
conditions. According to the study of Manor and Gordon
(2003) the optimal temporal duration in free viewing
tasks corresponds to the value of 100ms. Hence, the tem-
poral parameter for the execution of the performed algo-
rithm is selected to be equal to 100ms.

Moving point detection. The investigation of the re-
search question posed within the present study requires
the definition of the concept of moving point detection.
As mentioned above, the process is referred to the func-
tion of foveal vision. Taking into account the fact that the
location of human gaze is relative stationary (Poole &
Ball, 2005) during the execution of fixation events a spa-
tial buffer may be considered for the process of moving
point detection. For the present study all fixation points
that are distributed within this area are linked with the
detection of point symbol. The selection of spatial value
radius can be based on physical characteristics of human
eye as well as in the spatial accuracy of the recorded data.
Despite the fact that the spatial limits of fovea are not
discriminant (Strasburger, Rentschler, & Jiittner, 2011)
the range of its central region corresponds to the value of
5.2° of visual angle while the highest acuity correspond in
a range of 1° of visual angle (Wandell, 1995). Hence, the
generation of spatial buffers around each moving point is
based on the value of 1° of visual angle, which is greater
than the average achieved spatial accuracy of the experi-
mental study (see section Results). The generated areas
constitute the Areas of Interest (AOIs) of the experi-
mental study.

Statistical Metrics based on fixation analysis. Sever-
al authors suggest the examination of eye tracking data
through the definition of statistical metrics (e.g. Just &
Carpenter, 1976; Goldberg & Kotval, 1999 Poole & Ball,
2005). In the present work, both the investigation of min-
imum required duration threshold as well as the study of
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subjects' general reaction during the observation of mov-
ing point symbol are based on the examination of fixa-
tion-derived statistical metrics. More specifically, six
statistical metrics are considered for the analysis of each
visual scene including:

e  “Success metric”; This metric is computed as
subjects' percentage that detects the moving
point symbol. The values of this metric lies in
the range of [0,1] where 0 value indicates that all
subjects do not detect moving point symbol
while the value 1 indicates that 100% of subjects
achieve the moving point detection.

e “Duration metric”: This metric expresses the
average total durations that are linked with the
detection of moving point symbol produced by
the calculation of the corresponded average val-
ues produced by all subjects' recordings.

e “Duration percentage metric”: This metric ex-
presses the average percentage of duration re-
quired for the detection of moving point symbol.
The metric is produced by the calculation of the
corresponding average values produced by all
subjects' recordings. The values lie in the range
of [0,1] where 0 value indicates that all fixations
performed within the visual scene are not linked
with the detection of moving point symbol while
value 1 indicates that 100% of the performed
fixations correspond to the detection of moving
point symbol.

o  “Number metric”: This metric expresses the
average number of fixations related to moving
point detection.

e “Number percentage metric”: This metric re-
fers to the average percentage of fixations’
number that is linked with moving point detec-
tion to the total number of fixations in the visual
scene. The values of this metric lies in the range
of [0,1] where 0 value indicates that all fixations
performed within the visual scene are not linked
with the detection of moving point symbol while
value 1 indicates that the 100% of the performed
fixations correspond to the detection of moving
point symbol.

e  “Time to first fixation metric”: This metric in-
dicates the average duration value, which is re-
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quired for the first fixation in moving point
symbol on the examined visual scene. More spe-
cifically, the metric expresses the duration be-
tween the appearance of the new frame until the
first fixation (by the central vision) in the mov-
ing point symbol.

The statistical metrics mentioned above serve as the
dependent variables of the experimental study. More spe-
cifically, the statistical metrics express the visual behav-
ior of all subjects, taking into account that metrics are
produced from the gaze data of all subjects. Additionally,
it must be reported that the value of a statistical metric is
positive when the moving point symbol is detected.
Among the examined statistical metrics, the “Time to
first fixation metric” is considered the most important for
the computation of the investigated duration threshold.
More specifically, the computation of the examined
threshold is based only on the positive values produced
by “Time to first fixation metric”. The “Duration metric”
is used in order to validate the experimental approach
which considers that the variable of moving point symbol
duration affects directly the total duration of fixations that
are linked with its detection. The implementation of the
rest of metrics aims at examining the general visual reac-
tion of subjects after their correlation with the experi-
mental variables.

Results

Overall visual reaction

The computation of the statistical metrics based on
the performed fixations during the presentation of the
experimental stimuli allows the study of visual reaction
process. More specifically, the examination of the overall
visual reaction is based on the comparison of all statisti-
cal metrics values (included zero values of “Time to first
fixation metric”) with the parameters of visual scenes (i.e.
the parameter of duration for all experimental parts, the
parameter of distance for the experimental parts A & B,
as well as the parameter of level of information expressed
by intensity changes for Part C). The model of linear re-
gression is used towards the examination of possible cor-
relation among the experimental parameters while the
results are produced considering the gaze data collected
through all experimental parts (Part A, B, and C). The
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produced regression analysis results are presented in Ta-
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ble 3.

Table 3

Regression analysis results (R, F, p values). Experimental parameters and statistical metrics serve as the dependent and the
independent variables correspondingly for the performance of the regression analysis.

Regression Analysis Results

Duration Duration Duration Distance Distance Distance Colosritl)?ten-

(Part A) (Part B) (Part C) (Part A) (Part B) (Part C) (Part C)

Success R?=0.567 R?=0.525 R?=0.466 R?=0.124 R?=0.101 R?=0.135 R?=0.028
Tnetric F(1,96)=126.0  F(1,96)=106.0 F(1,44)=38.5 F(1,96)=13.6  F(1,96)=10.8 F(1,44)=6.9  F(1,44)=1.2

p<<0.001 p<<0.001 p<<0.001 p<<0.001 p=0.001 p=0.01 p=0.27

Duration R?=0.951 R?=0.932 R?=0.299 R?=0.036 R?=0.04 R?=0.139 R?=0.003
metric F(1,96)=1860.0  F(1,96)=1310.0  F(1,44)=18.7 F(1,96)=3.6 F(1,96)=4.0  F(1,44)=7.1  F(1,44)=0.1

p<<0.001 p<<0.001 p<<0.001 p=0.06 p=0.05 p=0.01 p=0.71

Duration R?=0.506 R?=0.441 R?=0.353 R?=0.118 R?=0.147 R?=0.219 R?=0.005
percentage  F(1,96)=98.2 F(1,96)=75.7 F(1,44)=24.0 F(1,96)=12.8  F(1,96)=16.5 F(1,44)=123  F(1,44)=0.2

metric p<<0.001 p<<0.001 p<<0.001 p<<0.001 p<<0.001 p=0.001 p=0.64
Number R?=0.565 R?=0.583 R?=0.293 R?=0.090 R?=0.087 R?=0.151 R?=0.000
metric F(1,96)=125.0  F(1,96)=134.0 F(1,44)=18.2 F(1,96)=9.5 F(1,96)=9.1  F(1,44)=7.9  F(1,44)=0.0

p<<0.001 p<<0.001 p<<0.001 p=0.003 p=0.003 p=0.008 p=0.99

Number R?=0.256 R?=0.188 R?=0.294 R?=0.15 R?=0.179 R?=0.218 R?=0.006
percentage  F(1,96)=33.1 F(1,96)=22.3 F(1,44)=18.4 F(1,96)=17.0  F(1,96)=20.9 F(1,44)=12.3  F(1,44)=0.3

metric p<<0.001 p<<0.001 p<<0.001 p<<0.001 p<<0.001 p=0.001 p=0.59
Time to R?=0.414 R?=0.618 R?=0.460 R?=0.010 R?=0.003 R?=0.041 R?=0.001
first fixa- F(1,96)=67.8 F(1,96)=156.0 F(1,44)=37.4 F(1,96)=0.9 F(1,96)=0.3  F(1,44)=1.9  F(1,44)=0.06

tion metric p<<0.001 p<<0.001 p<<0.001 p=0.34 p=0.57 p=0.18 p=0.81

The corresponding diagrams that refer to the linear re Table 4

gression analysis results presented in Table 3, including
the equations of each linear model, can been found in pp.
163 -169 of the PDF file available at this link:
http://dspace.lib.ntua.gr/handle/123456789/39974 (Kras-
sanakis, 2014).

Duration threshold

The computation of the investigated duration thresh-
old is based on the computation of the “Time to first fixa-
tion metric”. As mentioned above, considering that this
metric is calculated only for the cases that the moving
point symbols is detected by the subjects, its values may
reveal the average required duration for the examined
visual process. Hence, the duration threshold is defined as
the average value of this statistical metric, while it indi-
cates the required time needed for the detection of the
moving point symbol by the central vision. The computa-
tion is performed for all experimental parts (A, B, & C)
and the results are presented in Table 4.

Average value and standard deviation of the duration threshold
(msec) for all experimental Parts.

Average value and standard deviation

Experimental Part of the duration threshold (msec)

Part A 362 + 119

Part B 441 + 216

Part C 360 + 87
Discussion

The analysis of the collected gazes based on statistical
metrics derived from fixation events allows the overall
examination of subjects' visual reaction, as well as the
computation of the minimum duration threshold required
for the detection of moving point symbols on the experi-
mental base maps. Concerning the overall visual reaction,
the comparison between the “Success metric” with the
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parameter of duration indicates that a critical zone for
moving point detection exists in a range around 400 msec
(see Table 3) validating early findings produced by a pre-
liminary examination (Krassanakis et al., 2013). Addi-
tionally, the comparison between the “Duration metric”
and the parameter of moving point duration indicates that
duration is the most critical parameter towards the detec-
tion of moving point symbol. This finding is validated
considering the parameters of linear regression model for
the case of blank background in Part A (R?=0.951,
F(1,96)=1860.0, p<<0.001) as well as for the topographic
map in part B (R?=0.932, F(1,96)=1310.0, p<<0.001). In
Part C, the “Duration metric” is practically uncorrelated
with the parameter of duration of moving point symbol
(R?=0.299, F(1,96)=18.7, p<<0.001). Hence, the selected
range (200-750ms) for the parameter of moving point
duration is well designed. Furthermore, the values of
“Duration percentage metric” are not correlated with the
parameter of duration (R?>~0.5 for both blank and topo-
graphic background) while a similar result is revealed
concerning the “Number percentage metric”. This result
is obvious considering that subjects' gazes are distracted
after the detection of moving point. On the other hand,
the “Number metric” has similar values for the case of
blank (Part A) as well as map (Part B) background con-
cluding that the level of information does not affect the
process of moving point detection.

While the examination of the aforementioned statisti-
cal metrics derives some critical indication related to the
detection process and the overall visual reaction of, the
computation of the examined duration threshold is pro-
duced by the values of “Time to first fixation metric”.
Despite that the computation of the examined threshold is
based on the positive values of “Time to first fixation
metric”, all values of this index (including zero values)
are used for the examination of the overall visual reac-
tion. The performance of the whole experimental popula-
tion is indicated in the diagrams of regression analysis (as
well as in the parameters of regression analysis). Since
the correlation between the examined variables is un-
known, linear regression model constitute the first ap-
proach and it is used for the analysis. The diagrams of
linear regression models indicate that the critical zone
corresponds to a time span around 400 msec for blank
and map background while for the case of map back-
grounds with the discrimination in color intensities the
corresponded range lies between 337.5-475msec. The

10

Krassanakis, V., Filippakopoulou, V., & Nakos, B. (2016)
Detection of moving point symbols on cartographic backgrounds

final duration threshold corresponds to the value of
360+87msec (Table 4) and it is calculated considering the
produced values of “Time to first fixation metric” for the
experimental Part C. At this point, it must be mentioned
that this value is computed very accurately having a
standard deviation smaller than the minimum duration of
a fixation event.

The computed minimum required duration threshold
for the detection of the moving point symbol is equal to a
value greater than the average fixation duration which
corresponds to the value of 275msec according to Rayner
(1998), while the examination of the threshold, within the
present study, is performed using static backgrounds.
Other research studies suggest that the visual search pro-
cess of a moving point symbol is more effective in the
case that the moving point symbol is moved along static
objects than the case where the movement of a target
symbol takes place along moving objects (Royden,
Wolfe, & Klempen, 2001; Matsuno & Tomonaga, 2006).
More specifically, in the study of Royden et al. (2001)
subjects' reaction time is calculated during the process of
visual search of moving point symbols examining differ-
ent types of movement including uniform, random as
well as Brownian motion and corresponds to values
smaller than the threshold of 500 msec. This threshold
value is also validated in the study of Matsuno & Tomon-
aga (2006). Both Royden et al. (2001) and Matsuno &
Tomonaga (2006) studies examine subject' visual reaction
during the execution of visual search task which indicates
the existence of several cognitive parameters in the pro-
cess of visual scene examination. The introduction of a
task (which is a cognitive process that introduces cogni-
tive load) will affect the produced results towards the
computation of perceptual thresholds. In the present
study, the duration threshold is calculated under free
viewing conditions (without any visual search task). Con-
sidering that the examined value corresponds to a percep-
tual threshold that can be measured from the unconscious
reaction of the subjects’ central vision. Hence, it is rea-
sonable that the calculated duration threshold corresponds
to a smaller value than the one computed within the
aforementioned studies.

The investigation of the examined threshold is also
compared with the variable of distance that expresses the
magnitude of change of moving point symbol in terms of
location differences between successive scenes. As indi-
cated from the regression analysis models (Table 3) in
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Part A, Part B, and Part C this parameter does not affect
the process of moving point symbol detection; the param-
eter of R? of linear regression model corresponds to val-
ues near zero (<0.22) for all statistical metrics which is
translated to practically uncorrelated parameters. As men-
tioned above a similar result can be derived for the pa-
rameter of information level, expressed by cartographic
backgrounds with discriminant color intensity levels as
any possible correlation can be concluded on the basis of
the linear regression model adaptation results (Table 3).
Hence, these findings indicate the dominance of motion
during the observation of blank and cartographic back-
grounds consisted of several static features that are can-
didates to serve as distractors. This outcome is in line
with psychological studies which mention that the feature
of motion is dominant during the visual process and
serves as a pre-attentive feature that is able to guide the
vision in the stage of selective attention (Wolfe & Horo-
witz, 2004; Wolfe, 2005).

The minimum duration threshold for moving point de-
tection is examined through the present study. In carto-
graphic research, the variable of duration is directly con-
nected to rate of change. Rate of change can be defined as
the ratio m/d, where m is the magnitude of change be-
tween frames and d is the duration of each frame, while
this variable can be referred to geographic position or an
attribute (Slocum et al., 2009). In the present experiment,
the magnitude of change corresponds to one change in
point position per frame. Therefore, rate of change is
equal to the ratio 1/d, which means the variable is directly
related to the values of duration variable. Representative
duration values (within the range 100msec-3sec) and dif-
ferent point positions values (despite that the number of
changes is always equal to one change per frame changes
according to the definition of rate of change variable) are
examined in order to avoid biases existence in the com-
puted threshold. The attribute of motion in point symbols
could be also described by the variable of speed. Hence,
the experimental design of future studies can be based on
this variable extending the results of the presented ap-
proach.

Conclusion

The results of the paper will contribute to the basic re-
search that leads to the standardization of visual variables
in animated mapping. The contribution of the present
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experimental study in the cartographic research is three-
fold; (a) The minimum threshold of the dynamic variable
of duration required for the detection of a moving point
symbol on cartographic backgrounds is computed with a
standard deviation smaller than the minimum reported
fixation duration. Hence, duration changes smaller than
the computed threshold are not perceived by map readers.
This outcome can be helpful in map design and map-
based system design. (b) important evidences about the
perception of the parameter of point symbol location
changes, based on Euclidean distance changes as well as
for this level of background information, expressed by
color intensity changes, are produced indicating that they
do not affect the process of moving point detection and
validating the dominance of movement elements on car-
tographic backgrounds. (c) An integrated methodology
based on eye movement recordings and analysis is pre-
sented serving as a robust approach for the investigation
of perception thresholds related to map design variables.
In the framework of the present work, the analysis of the
collected gaze data is executed after the performance of a
validation procedure based on measurement using a pair
of artificial eyes and presenting a practical method to-
wards the verification of the collected data quality. The
process of selection of fixation analysis parameters serves
as an identical example for future studies based on anal-
yses using dispersion-based algorithms (I-DT) for fixa-
tion identification. The experimental results could be
directly applied for the design of animated cartographic
products mainly used to highlight the position of a point
entity (e.g. vehicles or observers’ position during real
time navigation etc.).
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Wolfe J. M. (2005), Guidance of Visual Search by Preat- T22 324 489 440 800 450
tentive Information, In: L. Itti & G. Rees & J. Tsotsos
(Eds), Neurobiology of attention, San Diego, CA: Ac- 123 125 501 200 400 300
ademic Press/Elsevier. T24 1223 18 1200 600 350
. . T25 335 224 920 3000 900
Wolfe J. M., & Horowitz T. S. (2004), What attributes
guide the deployment of visual attention and how do T26 531 395 260 800 450
they do it?, Nature Reviews Neuroscience, 5, 1-7. T27 212 950 640 3000 900
Xiaofang W., Qingyun D., Zhiyong X., & Na L. (2005), T8 11 318 1120 200 250
Research and Design of Dynamic symbol in GIS, T29 89 943 1220 100 150
Proceedings of the International Symposium on T30 159 432 500 600 350
Spatio-temporal Modeling, Spatial Reasoning,
Analysis, Data Mining and Data Fusion, Beijing. 31 810 4l 720 2000 700
T32 1224 836 420 100 150
T33 79 179 1320 400 300
Appendix T34 329 53 280 1000 500
Table Al T35 1000 974 1140 1000 500
The locations coordinates (in pixels) of point map symbols as T36 543 392 740 200 250
well as s?lected distances (in pixels) and durations (into two T37 619 599 220 600 350
groups, in msec).
T38 448 938 380 3000 900
Point X Y Dis-~ Dura- Dura- T39 1233 57 1180 800 450
Symbol  (pixels) (pixels) tance tion A ftion B
(pixels)  (msec)  (msec) T40 122 972 1440 100 150
T1 73 101 - 2000 700 T41 41 176 800 2000 700
T2 1039 743 1160 800 450 T42 1244 612 1280 200 250
T3 270 873 780 400 300 T43 77 39 1300 3000 900
T4 1245 86 1260 200 250 T44 490 580 680 200 250
T 932 8 300 2000 700 T45 1144 666 660 1000 500
T6 465 455 600 600 330 T46 1025 678 120 100 150
T7 606 566 180 400 300 T47 1004 644 40 3000 900
T8 1198 941 700 800 450 T48 1198 785 240 1000 500
T 1242 1008 80 600 350 T49 102 14 1340 2000 700
T10 49 38 1540 200 250
T11 156 568 540 100 150
Table A2
T12 1200 220 1100 2000 700
The location coordinates (in pixels) for each selected
T13 861 250 340 3000 900 combination of duration (in msec) and background with
T14 288 864 840 600 350 different color intensity level expressed as changes (%) of the
main cartographic background.
T15 1221 47 1240 1000 500
T16 1252 155 100 800 450 SPO'Et o X 9 ¢ _YI | D(“ra“‘;” '”;ens'ty
ymbo pixels pixels msec change
T17 74 911 1400 100 150 - 23 101 475 0.00%
T18 634 915 560 1000 500 T 1039 743 750 35.00%
T1 1 4
° 610 56 860 00 300 T3 270 873 200 70.00%
T20 1029 898 940 2000 700
T4 1245 86 612.5 35.00%
T21 753 389 580 400 300 5 932 78 3375 20.00%
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T6 465 455 612.5 0.00% T46* 740 422 475 0.00%
T7 606 566 475 0.00%
T8 1198 941 750 70.00%
T9 1242 1008 3375 0.00%
T10 49 38 200 35.00%
T11 156 568 475 70.00%
T12 1200 220 3375 70.00%
T13 861 250 475 35.00%
T14 288 864 612.5 35.00%
T15 1221 47 200 0.00%
T16 1252 155 750 0.00%
T17 74 911 475 70.00%
T18 634 915 612.5 35.00%
T19 610 56 200 0.00%
T20 1029 898 3375 35.00%
T21 753 389 475 35.00%
T22 324 489 200 70.00%
T23 125 501 612.5 0.00%
T24 1223 18 200 70.00%
T25 335 224 475 0.00%
T26 531 395 612.5 0.00%
T27 212 950 200 35.00%
T28 1137 318 612.5 70.00%
T29 89 943 3375 35.00%
T30 159 432 612.5 70.00%
T31 810 741 337.5 0.00%
T32 1224 836 200 0.00%
T33 79 179 475 70.00%
T34 329 53 750 35.00%
T35 1000 974 337.5 0.00%
T36 543 392 750 35.00%
T37 619 599 612.5 70.00%
T38 448 938 3375 70.00%
T39 1233 57 475 35.00%
T40 122 972 750 0.00%
T41 41 176 750 70.00%
T42 1244 612 3375 35.00%
T43 77 39 750 70.00%
T44 490 580 200 35.00%
T45* 578 599 750 0.00%

16



