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Abstract—The number of devices capable of recording
GPS data is growing, and so more people are interested in
collecting and analysing their geospatial data. However, GPS
analysis and visualization techniques are not simple and easy
to use, specially when one needs to deal with large quantities
of geospatial data.
Time is a relevant parameter when analysing movement,
and having it together with geospatial data in the same
visualization is what we aimed for this work. We wanted to
explore a solution to visualize sets of geospatial data featuring
temporal information.
In order to make it easier to analyse big amounts of GPS
data, we developed and studied a set of prototypes as proof
of concept of trajectories visualization, also presenting time,
and using edge-bundling techniques. We also developed an
algorithm to process collected GPS data and prepare it to be
visualized.
We established that we wanted our prototypes to be able to
show multiple trajectories, allowing to understand the start,
end and intermediary points of each one, including points that
different trajectories had in common, as well as presenting
temporal information about each trajectory. Prototypes were
tested with users and the results’ evaluation showed that users
were able to use and understand information presented by
the visualizations, hence, our goal to this work was achieved.
Index Terms—Trajectory visualization; Spatio-temporal
data; edge-bundling

I. I NTRODUCTION
The ”key to good visualisation design is the appropriate
visual encoding of data for the data characteristics and
the task at hand” [1]. Nowadays, there is a huge amount
of data, and data about almost everything. Geospatial data
is an example of data that has been growing through the
years. What is contributing to this growth of data is that,
now, everybody can create data. While, in the past, data
could only be recorded with expensive and specific devices,
now, electronic devices (like smartwatches or smartphones,
for example) can record information about the Global
Positioning System (GPS) positions of their owners. Those
devices are becoming more and more popular, creating a
big quantity of data that needs satisfactory ways to be
visualized. This data does not only collect GPS positions
(geospatial data) but it can also record time, associating it
with the positions (temporal data). Therefore, we consider
this data to be geo-temporal.

A user might not want to deal with collected GPS data
and try to find interesting information about them, because
it is too complicated. Geo-temporal data, per se, is not
easy to understand, users need to visualize it in a way
that they can be able to make some conclusions from
that visualization. It can either be just for entertainment
purposes, for helping in planning future journeys or even
remembering events from the past. With the proper tools,
everybody can be a visual analyst [2].
When visualizing a track, which can easily be represented by a line over a map, a user wants to be able to
understand where that track starts, where it ends and where
it has passed by. But if this action is multiplied by a big
quantity of tracks, all crossing the same streets, it might not
be that easy to understand all this information about each
track separately, nor to gather conclusions about similarity
of tracks, like points in common between trajectories.
A visualization of movement must take into account time
and space, because those are the two measures that define
a movement. Space is a set of locations with some distance
separating them, and it can be seen as an area, a line
containing locations or a set of points in different locations.
Time is a continuous set, but it can also be discrete, when
referring to events, and it is linear and cyclic at the same
time. A visualization that only gives information about
space does not allow a user to know when a trajectory
occurred. At the same time, a visualization that focuses
much more on time, might not be clear about how the
trajectory and displacement really occurred.
To visualize geospatial data, maps are used with some
additional features, that present the information. These
features can be glyphs over the map, colour encoded values
to colour the map itself or even by arrows and lines, usually
if one wants to represent trajectories.
Currently, there are ways to visualize both time and
space, however, they are not accessible for all types of
users, with all types of knowledge. Options like spacetime cubes or geospatial visualizations with complementary temporal visualizations are some examples, but each
technique has limitations, and it is not always simple to
decide which is the best technique, since it might depend
on the data to be presented. A common solution might be
to use a combination of visualization techniques, allowing
the analyst to reach conclusions, one way or another.

Therefore, it is considered useful to have a tool that can
provide satisfactory visualizations about movement without
needing to be a tool expert user. Current tools for nonexpert users are simplistic and are not very complete,
regarding the information that they can provide. They do
not allow users to compare tracks regarding time (which is
older, which is more recent, which happened at the same
time. . . ), and they hardly have the capability to compare
and find similarity between trajectories. They also do not
allow users to draw considerations on movement patterns
and regularity of movements.
A. Objective
The goal of this work is to study techniques to visualize, in an integrated way, geo-temporal data collected
through large periods of time, allowing geo-spatial
comparison between trajectories and information about
the times of all tracks.
In order to achieve this goal, we defined some subobjectives:
• Identify common problems regarding collected GPS
data;
• Develop an algorithmic solution to pre-process geotemporal data, fixing those problems, and preparing
data to be visualized;
• Develop a set of prototypes that could provide information about multiple trajectories, in time and space,
and allowing comparisons between them, using edgebundling;
• Evaluate and compare prototypes in order to understand how usable they are and how users can retrieve
and understand information from them.
Our work consists in four prototypes created and evaluated through statistical analysis of results obtained in
usability tests. We also developed an algorithm that preprocesses data that exports what will be used as input for
our prototypes.
B. Document Structure
We start by presenting and discussing related work,
focusing on Visual Analytics and looking at some works
and techniques already in use to visualize geo-temporal
data. In the end of that section, we define requirements
for our solution. In the next section, we describe how
we prepared data for our visualizations and then, on the
following section, we present the prototypes created. After
that, we explain how we conducted our usability tests and
the results of it. Finally, in the last section, we expose our
conclusions on this work and reflect about future work.
II. R ELATED W ORK
This section will present some of the existing works and
techniques to visualize geo-temporal data. In the end, we
identify what we want to achieve with this work, defining
requirements and techniques to be used.

A. Visual Analytics
A visualization is a ”visual representation of data or
concepts” [3] but Visual Analytics (VA) is more than that.
It takes into account the human factors that are going to
analyse what is being visualized [4].
The usage of VA to analyse movement and trajectories
is a topic that is becoming ever more popular, with the
growth of available devices that can track personal GPS
data about its owners. When applying VA to movement,
time and space are the two most relevant dimensions. The
simplest method to represent a geospatial trajectory of a
single object is a line over a map, but it only gives us the
set of positions where our object has been. We do not know
how much time it spent in each position, and we cannot
know the direction of the movement. Other techniques, like
space-time cubes and heatmaps, are alternatives that provide more information on space and time of the trajectory
of our object. In the following subsections, we will present
some different visualization techniques, first regarding just
space and then both space and time.
B. Visualizations of Space
Maps are used to stimulate visual thinking about geospatial patterns. It is important to view the same geospatial
data sets using multiple representations [5], using either
2D or 3D techniques, since both can be useful, depending
on what is wanted to be concluded [6]. We now present
some techniques to visualize geospatial data.
1) Heatmaps: A heatmap consists in encoding colours
to values and applying those colours to a map, in order
to present some information about that place [7]. They are
commonly used to represent information about a place, and
not about movement. However, heatmaps can also be used
to visualize trajectories.
In a recent work, called SmartAdP [8], heatmaps were
used to help billboard placement companies to visualize taxi trajectories, in order to understand which places
are most frequented and, therefore, better for advertising.
When a heatmap aggregates all trajectories passing in each
street and allows to have an immediate visual reason about
which places are the most frequently used in trajectories,
it can be called a traffic density map.
2) Edge-Bundling: Edge-bundling consists in clustering
similar data, and presenting it as one [9], making it
easier to have a cleaner visualization and more information
presented at once. The most common usage is to display
oriented graphs, clustering edges that go to (or from) the
same node [10].
Graser et al. explored the possibility to use this technique to visualize geospatial data sets [11]. Figure 1 shows
an example of edge-bundling being used to visualize gull
migrations in regions of Africa and Europe. Figure 1a
shows the original data recorded, reduced to start and end
points (origin-destination) and figure 1b shows the edgebundling solution, with tracks clustered and aggregated,
resulting in much fewer lines being displayed.

Fig. 1. Edge-bundling showing gull migrations. Figure a) shows the raw
data and Figure b) shows the clustered data using edge-bundling.

C. Visualizations of Space and Time
Currently, there are no systematic methods to detect
the scales needed, both in space and time, to apply to
visualization techniques. Therefore, the ”trial-and-error”
approach is usually used by analysts [2]. It is also not
possible to define a method that can show all possible
retrievable information equally, i.e., every VA technique
will, inevitably, favour an interpretation and a conclusion
over others [12]. We now present some techniques to
visualize both time and space that already exist.
1) Space-time Cubes: A space-time cube is a threedimensional approach to visualize both space and time, first
introduced in 1970 [13]. The term refers to a geographical
representation where time is treated as a third dimension
[14]. Vertical lines in a space-time cube means that the
object was in the same position for some amount of time
[15].
2) Timelines and Maps: Timelines can deal with much
larger datasets than, specially, space-time cubes. Although
they might not give the best geospatial view per se, when
one prefers to conclude about time intervals, timelines are
usually a better option.
In a work by Zhang et al., timelines were used to
understand which parts of Tallinn (Estonia) were most
frequented by people, considering some socio-economic
data about each person participating in the research, when
trying to find a relationship between those socio-economic
characteristics and the most frequented places by each
person. The authors divided Tallinn in parts and assign
one colour to each part. Then, to represent each person,
they used a bar in a timeline, where time was represented
horizontally. For each user, the colour of the bar for a
period meant that that person was in the area corresponding
to that colour in that period.
D. Discussion and Requirements
Considering the works presented here, we could conclude that there are some issues regarding the visualization
of space and time, specially regarding scalability and
usability. Space-time cubes can represent trajectories over
time but tend to not be able to deal with scalability,

and there are not many solutions for non-expert users.
Timelines and maps, however, can deal with scalability
and usability much better, but do not give the perception
of trajectories. The ideal solution should, therefore, be
scalable, easy to use by non-experts and able to provide
geospatial, temporal and additional information about the
trajectories presented.
Having in mind what we have already presented, we
intended to conduct a visualization design study that could
create and evaluate a set of prototypes fulfilling the following list of requirements:
• Be able to visualize full trajectory paths (starting,
ending and intermediary points).
• Be able to present when a trajectory occurred.
• Be able to present more than one trajectory and allow
trajectory comparison.
• Be able to know the places where the object has been
the most.
We decided to explore the edge-bundling solution, but,
this time, applied to ”ground level” coordinates and trajectories, instead of only considering start and end points, like
the work by Graser et al.. We also wanted to explore the
capability to use this technique to present space and time
together. To accomplish this, we needed to have a way
to understand which trajectories passed through the same
streets, roads or paths, merge those segments in one, and
then properly visualize them, also featuring information
about time.
In order to do this, we needed to find ways to pre-process
our GPS data algorithmically. This algorithm consists in
a set of actions that includes treating each piece of data
individually and, then, treating data as a whole, applying
comparing and merging actions between every element.
The algorithm development methods and the visualization
prototypes created are described in the following sections.
III. U NDERSTAND M Y S TEPS
The following subsections will address the solutions
that we developed for this work. First, we describe the
algorithm to process GPS data and, then, we present the
prototypes created.
A. Preparing Data
GPS data is usually recorded in GPS Exchange Format
(GPX) files, so we needed to develop a solution that
could deal with those files and prepare data to be properly
visualized. We created an algorithm to deal with this
problem. Even though it was not the main focus of this
work, it was an important part of our work, since it allowed
us to pre-process and prepare data to be visualized.
Recorded GPS data usually presents some problems,
like outliers and inaccurate trajectories, due to recording
problems, so we created an algorithm to mitigate those
problems, while also identifying parts of tracks (segments)
that were similar between them, in order to have them
grouped for the visualization prototypes. This process of

identifying similar segments was done through an iterative
process that compared all pre-determined segments (based
on direction turns, in a way that each street, road or path of
each trajectory is a different segment). Segments that were
considered similar and close to each other were unified and
treated as one from that point on in future comparisons.
Figure 2 shows an example of two segments (X and Y )
unifying.

The third prototype joins the first and the second visualizations, featuring the edge-bundling solution introduced
by the later but also displaying the original tracks, in a
lower opacity, but still giving the possibility to understand
the original tracks and the times of each segment represented in the edge-bundling solution. Figure 5 shows this
prototype.
The fourth and last prototype, shown in Figure 6, uses
the edge-bundling solution presented in prototype two
but, this time, lines are coloured according the average
of times. Instead, lines are coloured using gradients, to
show the temporal dispersion of segments represented by
that line. Hence, a segment that features, for instance,
three segments, will feature a gradient with three colour
positions, according to the time of each segment. It allows
to know if that segment is featured in more old or new
tracks.

Fig. 2. Example of two segments unifying.

B. Visualizing Data
We have created four proof-of-concept prototypes, using
HyperText Markup Language (HTML), Cascading Style
Sheets (CSS) and JavaScript (JS) (specially including the
D3 library). All prototypes used the outputted data from the
processing algorithm described in the previous subsection.
For our visualizations, we used a greyscale map with
coloured lines to represent trajectories made. The colour of
the lines represented the relative time when that trajectories
occurred. Lighter blue lines are older trajectories than the
ones represented by darker blue lines.
The first prototype (presented in Figure 3) is the simplest
solution, consisting in simply draw each trajectory as a line,
with colour corresponding to relative time. This prototype
intended to be a standard starting point of comparison to
the other prototypes and it does not feature any kind of
edge-bundling. It does not scale well, because the more
tracks to display, the more confusing it is expected to be,
specially if all those tracks are located within the same
streets. It might be possible, however, to get an initial
overview about the density of tracks in the map, and know
which areas of the map are more populated with data.
The second prototype is the first to use edge-bundling.
It consists in presenting all segments unified, and having
the width of the lines matching the total of segments
represented by that line. With this, it is possible to know
which streets were taken more often. Each line is coloured
according to the average of the times of the segments it
represents. This prototype is shown in figure 4.

Fig. 3. Prototype 1.

Fig. 4. Prototype 2.

IV. E VALUATION
Having the four prototypes developed, we had 24 users
testing all of them. Each user was asked to complete a
set of six tasks in all four prototypes. We measured time
taken for each task, if it was successful and difficulty, as
evaluated by users, in a Likert scale of 1 to 5, being 1
”no difficulty at all” and 5 ”extreme difficulty”. For each

Fig. 5. Prototype 3.

Fig. 6. Prototype 4.

prototype, users were also asked to take Raw NASA Task Load Index (NASA-TLX) questionnaire, allowing to
evaluate the workload of that prototype [16].
A. Tasks
To evaluate all prototypes equally, evaluation methods
should be the same between them, so we decided that
we would apply the same six tasks to each prototype. We
needed to change datasets between prototypes, otherwise
users would be able to answer the questions by just
remembering them, and that would not allow us to evaluate
the prototypes. We wanted tasks that should not be too
complex but should be able to explore the capabilities of
our prototypes on what we are studying: how it can show
time and space together in a map.
We started by defining one task exclusively for time and
another exclusively for track count. Those should be two
simpler tasks, to test if the user is really understanding the
basic elements of our visualization prototypes. We then
created four more complex tasks, that already mixed time,
space and track count. With those tasks we wanted to see
how good our visualization elements were connected and
provided complete information to the user. Despite having
only six tasks, we considered it enough to gather conclusions about how elements are integrated and information is
correctly presented. We also did not want to create many
tasks because users would have to do them all for all four
prototypes, and that could make them unhappy to have to
answer the same questions six times in a row.
The complete set of six tasks is:
1) Select the street where you have been more times.
2) Select the start and end points of the trajectory made
more recently.

3) Select a street where you have been multiple times
recently.
4) Select a trajectory made through different paths.
From those paths, select the oldest.
5) Select a trajectory made through different paths.
From those paths, select the most used one.
6) Select a street where you have been multiple times
in the past, but not recently.
Tasks 1 and 2 are simple tasks. Task 1 evaluates the
usage of width to show the number of tracks being represented. We wanted to make sure a user could get to
conclusions on the amount of tracks being represented
by just one line. Task 2 evaluates the usage of colour to
represent time. We wanted to make sure users could reason
about which tracks were more recent and which were older,
by just looking at the tracks on the map, with no interaction
or extra information provided.
Tasks 3 to 6 are the most complex tasks. Task 3 focus on
the ability to select a street with a line that is wider but also
with a darker shade of blue, meaning that those streets were
travelled more recently. Task 4 focus on the ability to relate
different streets to the same trip (in this case, a trip has a
start and an end point, but it does not take into account the
actual trajectories). It also tests if users can relate those
different paths to time, knowing which were made more in
the past. Task 5 is similar to Task 4 but, instead of focusing
on the perception of time among a path of a multiple-path
track, it focuses on the perception of quantity. We wanted
to test if users could reason about the amount of times
each path was used to cover the same trajectory. Task 6
is similar to Task 3, but asks users about perception over
regularity, in order to understand that, despite being in a
street multiple times, the user should be able to understand
if that streets was travelled many times in a short period
or regularly across time.
B. Results
We performed statistical analysis over data collected
during tests with the goal to understand if there was any
prototype with significant difference (either for better or
for worse, and always using a reference p-value of 0,05)
to the others. We evaluated the successfulness, time taken
to answer, difficulty evaluated by the users and NASA-TLX
scores.
For time and difficulty, we used the Kruskal-Wallis H
Test (a modification of the Analysis of variance (ANOVA)
test) and for successfulness we used the Chi-Square Test
of Independence. For NASA-TLX scores we used the
traditional one-way ANOVA test.
1) Results by task: Table I shows the calculated pvalues for the analysis of variance comparing success rate,
time and difficulty across all tasks. Those p-values were
calculated by the test methods described above. Precisely,
for time (since it did not follow normal distribution in any
case) and difficulty, we used the Kruskal-Wallis H Test, and
for success we used the Chi-Square Test of Independence.

TABLE I
C ALCULATED p-value FOR ALL VARIABLES AND EACH TASK ,
COMPARING ACROSS ALL PROTOTYPES .
Variable
Success
Time
Difficulty
Success
Time
Difficulty
Success
Time
Difficulty
Success
Time
Difficulty
Success
Time
Difficulty
Success
Time
Difficulty

Task
1

2

3

4

5

6

p-value
0.178
0.011
0.00035
0.363
0.837
0.838
0.564
0.636
0.863
0.682
0.169
0.188
0.679
0.730
0.166
0.155
0.412
0.382

time to answer Task 1 in prototype 1 than in prototype 3.
In all other tasks, however, we could not reject the null
hypothesis (p-value was always bigger than 0.05) for any
of the variables, meaning that there was no significant
difference between prototypes in any variable in the rest
of the tasks.
2) Results by prototype: After comparing the results of
each task between prototypes, we also compared the results
of all tracks in each prototype, in order to try to see if
there was any task, for any prototype, with a statistically
significantly difference to other tasks, in any variable.
TABLE II
C ALCULATED p-value FOR ALL VARIABLES AND EACH PROTOTYPE ,
COMPARING ACROSS ALL TASKS .
Prototype
1

If any more actions were taken, like post-hoc tests and
further conclusions, they will be described below.

2

3

4

Variable
Success
Time
Difficulty
Success
Time
Difficulty
Success
Time
Difficulty
Success
Time
Difficulty

p-value
0.139
0.005
0.017
0.00046
0.765
0.747
0.127
0.082
0.493
0.168
0.110
0.420
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Difficulty
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1

1
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Fig. 7. Tukey’s box-plot for difficulty in Task 1.

In Task 1, time and difficulty were statistically significantly different. By performing post-hoc tests, (pairwise
comparisons, provided by the same Kruskal-Wallis H Test)
we could conclude that the difference between prototype
1 and the others, regarding difficulty, is significant. By
observing the Tukey’s box-plot presented in figure 7 we
concluded that prototype 1 was considered by the users as
more difficult than all the others. Regarding time, posthoc tests allowed to conclude that difference between
prototypes 1 and 3 is significant, however, even though
difference was observed between prototype 1 and the
others, it was not significantly different. Therefore, we can
only conclude, with significance, that users needed more

Table II shows the calculated p-values for the analysis of
variance comparing success rate, time and difficulty across
all prototypes. Those p-values were calculated by the test
methods described above. For time (since it did not follow
normal distribution in any case) and difficulty, we used the
Kruskal-Wallis H Test, and, for success, we used the ChiSquare Test of Independence. Post-hoc tests, when applied,
will be described below.
In prototype 1, there was a statistically significant difference between tasks for time and difficulty. Applying posthoc pairwise comparison, we were able to detect significant
difference between tasks 6 and 4 and between tasks 3 and
4, however, no more significant differences were detected.
By observing Tukey’s Box-Plot from figure 8, we can see
that, in prototype 1, tasks 3 and 6 are the ones that took
less time from users and task 4 is the one that took most
time, and difference between them is, therefore, considered
statistically significant. For difficulty, the same post-hoc
tests only detected significant difference between tasks 6
and 1, therefore, we are not able to conclude anything
regarding the other prototypes.
In prototype 2, statistically significant difference between tasks was observed for success. As post-hoc test,
we considered adjusted residuals. An absolute value of
adjusted residual bigger than 1.6 indicates that that task
is significantly different from the others. Task 3 presented
an adjusted residual value of 2.6 for success, meaning
that this task was considered statistically more successful
than all the others. Indeed, this task was always completed
successfully in this prototype. On the opposite side, Task
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Fig. 8. Tukey’s box-plot for time in Prototype 1.

Fig. 9. Tukey’s box-plot for time in all prototypes, comparing tasks.

6 presented an adjusted residual value of -3.7 for success,
meaning that this task was statistically less successful (and,
consequently, more unsuccessful) than all the others, for
prototype 2.
3) Task Comparison: We wanted to compare task results regardless of prototype, in order to try to understand
if users did significantly better or worse in any of the tasks.
Using the methods described above, we calculated the pvalue for each variable, and they are presented in table
III. For time and difficulty we used the Kruskal-Wallis
H Test and for success we used the Chi-Square Test of
Independence.
TABLE III
C ALCULATED p-value FOR ALL VARIABLES , COMPARING BETWEEN
ALL TRACKS , REGARDLESS OF PROTOTYPES .
Variable
Success
Time
Difficulty

p-value
0.00003
0.004
0.187

9 we conclude that Task 4 required the users more time to
complete, than all the other tasks.
4) Prototype comparison: We also wanted to compare
the NASA-TLX scores for all prototypes, to see if there
was any significant difference among them. After checking
the normal distribution of values, we were able to conclude
that there were no statistically significant differences between prototypes’ NASA-TLX scores, as determined by
one-way ANOVA, with p-value = 0.743. It means that
there is no prototype with a NASA-TLX score significantly
different from the others, leading us to conclude that the
between all prototypes is similar. Table IV is
Pageworkload
1
the result of the ANOVA test for comparing NASA-TLX
scores.
TABLE IV
ANOVA TABLE FOR NASA-TLX SCORES .
TLX
Sum of
Squares
Between Groups

For difficulty, tests showed that there is no statistically
significantly difference between tasks, but for success and
time we needed to apply post-hoc tests.
For success, we used adjusted residual as post-hoc tests.
In our case, we could determine that tasks 2, 3 and 6
were significantly different. Since Task 3 had an adjusted
residual for success bigger than 1.6, we consider that Task
3 had statistically significantly better success result than all
the others. The opposite happened for tasks 2 and 6, which
had an adjusted residual smaller than -1.6 for success,
meaning that those tasks are statistically significantly worse
than the others, in terms of success.
For time, post-hoc tests (pairwise comparisons) showed
that Task 4 was significantly different from tasks 1, 3 and
6, and by observing Tukey’s box-plot presented in Figure

df

Mean Square

339,563

3

113,188

Within Groups

25119,810

92

273,041

Total

25459,373

95

F
,415

Sig.
,743

In order to compare prototypes, we performed statistical
analysis for successfulness, time and difficulty for every
prototype, regardless of the task. Using the methods described in the beginning of this section, we calculated pvalues for each variable, as presented in table V. For time
and difficulty we used the Kruskal-Wallis H Test and for
success we used the Chi-Square Test of Independence.
For time and difficulty, tests showed there was a statistically significantly difference, but post-hoc tests (pairwise
comparisons) for time did not allow to identify any pair
being significantly different (with p-value > 0.05). For difficulty, post-hoc tests allowed us to conclude that prototype

TABLE V
C ALCULATED p-value FOR COMPARISON BETWEEN ALL PROTOTYPES ,
REGARDLESS OF TASK .
Variable
Success
Time
Difficulty

p-value
0.838
0.033
0.002
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Fig. 10. Tukey’s box-plot for difficulty in all prototypes.

1 had a significant difference with all other prototypes, and
figure 10 shows us that, overall, prototype 1 was considered
more difficult to use than the others.
5) Descriptive Analysis: Despite not being able to find
overall significant differences between prototypes regarding which one should be better than the others, we were
happy that the results were positive, because users were
able to complete tasks quickly, had a good success rate,
and did not consider prototypes hard to use.
By calculating a confidence interval (with α = 0.05),
we were able to conclude, with 95% confidence, that users
would take less than 10 seconds in prototypes 2, 3 and 4
(and less than 12 seconds in prototype 1). Success rate’s
best estimate is above 85% in all prototypes and difficulty
is below level 2 in prototypes 2, 3 and 4.
6) Observations and Feedback: During tests, even
though we were not formally using the think aloud test
protocol, we did not prevent users from talking while
performing the tasks. From what they were saying and from
our observation, we could gather some general conclusions
about our prototypes:
• In prototype 1, some users tried to count the lines on
each street, in order to know which street had more
times. Although it may not be wrong or considered
an error, users should be able to compare streets by
zooming out and seeing where there was a bigger
density of lines.

In prototype 4, some users complained about the
gradient, claiming that it distracted and confused them
regarding time and number of tracks represented by a
line. Some also considered that line orientation might
be misleading at first.
• In prototypes 2 and 3, when asked about the most
recent or oldest tracks (tasks 2 and 4), all users except
four came to conclusion from average colour. While
most of the times they were, indeed, correct for the
task, they should be able to conclude that on prototype
2 it was not possible to know the most recent (or
oldest) track and in prototype 3 they should look
at the ”original” tracks, instead of the unified ones.
In the presentations of those prototypes, users were
clearly notified that, in those visualizations, colour
represented average.
Besides statistical analysis and observation, we wanted
to get to conclusions regarding users’ feedback, collected at
the end of each test session. We asked users to provide their
opinions on which prototype was the best and which was
the worst, as well as pointing some problems they have
found and, if possible, some suggestions of corrections
and features to add to our prototypes. From this feedback,
some opinions diverged quite significantly but others were
unanimous.
Prototype 1 was the least appreciated by the users.
The great majority of them admitted it was the hardest
prototype to use and it required some visual effort to get
to conclusions. This matches with the results presented
above, where the only significant differences detected were,
precisely, to conclude that prototype 1 was worse than all
the others.
Regarding prototype 4, the great majority of users liked
it, but considered it could have some improvements. Some
said it requires some more training, to get used to the
gradient and what it means, because it is a new concept
that they are not used to deal with. Some also stated
that, instead of gradient, we could consider using just the
colours, filling the right percentage of the line, instead of
having a colour gradient. Prototype 4 was considered the
most complete by users, in terms of information provides.
About prototypes 2 and 3, opinions were almost unanimous as well. A big number of users stated that, along
with prototype 4, prototype 2 (and, sometimes, prototype
3 as well) was also good. However, most of those users
never realised that prototype 2 could not provide that
information regarding the exact times of the tracks, as
mentioned before. Many claimed that prototype 2 was the
more ”balanced” one, because it was simple, and not too
”eye aggressive” and still allowed to come to conclusions.
Some also stated that prototype 3 was very complete,
because it allowed quick and detailed conclusions with the
same visualization, but, sometimes the original tracks were
unintentionally ignored and wrong conclusions were taken
through the averaged lines.
Suggestions given by some users were, sometimes,
•

against the compliments made by others. Few users suggested that the colour scale should be inverted, or more
colours should be used. One user suggested that the most
recent track should be highlighted from the others in
all prototypes, using a completely different colour, and
that it could be triggered by user choice. Interactivity
was the most requested feature. Users suggested ways to
analyse each trip individually with some kind of selection
feature. They also suggested having some space on screen
dedicated to present detailed information about a selected
track, like the exact amount of times that trajectory was
travelled, the exact date when it occurred, or even the
highlight of the start and end points of that track.
V. C ONCLUSION
We started by looking at current solutions to visualize
time and space together, identifying the limitations of each
one, in order to understand how we could use previous
knowledge and work to develop a new alternative and easy
to use solution. We concluded that a map was still the best
option to present geospatial information and time could
be mapped using colours. We then decided to use edgebundling to visualize multiple tracks on a map and while
providing time perception.
Thus, we studied a way to prepare data to be visualized
and a proper visualization technique, using edge-bundling.
We developed a total of four proof-of-concept prototypes.
One prototype (prototype 1) did not use edge-bundling
and intended to be a starting point for the other three
prototypes, but still used colour to represent time. Another
prototype (prototype 4) used a technique that we wanted
to test, consisting in using colour gradients in trajectory
lines, to display the distribution of times of the trajectories
represented by those lines.
After creating the four prototypes, we tested them with
users (usability tests), in order to try to find if there
were prototypes that were better or worse than the others,
and also if users could use them successfully, easily and
quickly. Our analysis concluded that there were not much
significant differences between prototypes but prototype 1
was overall worse than the others. It was also possible to
conclude that users were able to perform tasks in a short
time with a good success rate, and did not consider our
prototypes hard to use. However, we noticed that users
could be misled about time in one prototype, that only
presented the average of times (prototype 2).
Given the above, we consider that all our sub-objectives
were achieved and that our goal to study techniques to
visualize geo-temporal data collected through time with
the possibility to compare trajectories was also achieved.
A. Future Work
Considering the current work and the results from usability tests, we consider that some features can be improved:
• Enhance the processing algorithm. Find a way so that
similar segments are all unified in one, specially when

•
•

•

start and/or end points are near each other. Currently,
if there are three or more segments that start or end
in near points, it is possible that they do not unify
all in one, because they unify with the first possible
match, and their order of comparisons is not always
the same.
Add the possibility to have information about absolute
(instead of just relative) time of tracks.
Add interactivity to prototypes, in order to improve
user experience visualising tracks, as suggested by
users, by providing more information regarding tracks
and trajectories they represent.
Improve some visualization elements, studying its
effects on users and comparing results with current
ones. It can either mean an improvement in current
existing elements (like opacity, colours, width, gradients. . . ) and the way they are calculated (new scales,
new algorithms. . . ) or the creation and implementation of new elements.
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