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Abstract

Despite the historical limitations associated with the study of marine species, current technology makes it
possible to collect ocean animal data in a more accessible way. Such data is crucial in a variety of contexts,
both scientific and commercial. In fact, currently, with a variety of tagging and tracking devices, it is relatively
easy to gather information on marine species. As a result, such information is nowadays present in large
amounts, often in textual formats, making it difficult to interpret and analyze.

Information Visualization, due to its potential to represent large amounts of data while alleviating cognitive
load associated with data interpretation, may overcome this limitation. Having this into consideration, we
present a marine species’ visualization that allows the representation and interactive exploration of marine
species’ telemetric data. It consists of an integrated dashboard that takes advantage of multiple visualization
idioms which work together to provide the user with different, complementary views on the existing data.
We performed usability tests which have pointed directions for our solution and validated its potential in
making important patterns immediately perceivable, while allowing the user to take advantage of exploration
and comparison mechanisms to obtain further relevant information.

Furthermore, a species’ image recognition module was implemented together with the described
visualization, enabling users to proper recognize the species present on the picture followed by learning more
about it, through the described visualization solution.

Keywords: Marine species’ recognition, Information Visualization, Integration, Species’ Comparison,
Interactivity, Incremental and Iterative Development

1. Introduction

Human limitations associated with the study of un-
derwater life have made it difficult to study marine
species. However, with the continuous growth of
technology, marine animal data collecting has be-
come more accessible, presenting growing potential for
knowledge acquirement regarding these species. Such
knowledge is important in a variety of contexts, both
for scientific and commercial purposes.

Currently, significant investment has been made in
tagging and tracking technology. Resulting data, if
properly analyzed, may help to understand intrinsic
and external factors that may influence marine species’
behavior, leading to a better overall understanding of
the ecosystems in which such animals are inserted.
Furthermore, adequate analysis of this information
may reveal a number of patterns relative to different
species, aiding in the process of understanding the be-
havior of these animals. Nevertheless, telemetry data
gathered through animal tagging presents several chal-
lenges that make it hard to analyze. Not only does
it often consist of large amounts of information, but
it is also frequently found in a textual form, difficult

to read and understand. As a consequence, deriv-
ing knowledge from this information is often a long
and extremely demanding process. For instance: (1)
Does Oceania in fact have a larger number of recorded
Clownfish occurrences when compared to the rest of
the world? (2) Which species is more often recorded
in colder months? (3) Has the Surgeonfish inhabited
deeper ocean areas over time?

One way to overcome this challenge is through the
use of Information Visualization (InfoVis), which alle-
viates cognitive load associated with data interpreta-
tion [9]. A meaningful visualization will in fact allow
the representation of information in a way that high-
lights relevant information while providing the means
for the user to explore and find important patterns.

Having the described limitations into consideration,
FishEye was created, a visualization which presents
marine species’ information in an integrated man-
ner while providing users with new means of learning
about fish species and at the same time interacting
with such data. Furthermore, it allows the comparison
of two species simultaneously across all existing infor-
mation domains, enhancing the identification of com-
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mon behaviors, as also, establishing relations about
such species.
FishEye consists of a dashboard with multiple, in-

terconnected views that provide complementary per-
spectives on the presented information. These views
change dynamically according to user input, highlight-
ing relevant contextual information and informing the
remaining idioms of changes that are taking place.
An iterative and incremental paradigm was followed

during development, hence performing an expert eval-
uation with a set of heuristics suited for information
visualization [3] early which, while pointing directions
for the ongoing development of our solution, rendered
it valid for further development and subsequent test-
ing. Furthermore, to understand how, in a real life
context, users react and experience FishEye quanti-
tative usability metrics were gathered by performing
usability tests.
In order to possibilitate users to identify fish species

to further learn about them, a species’ recognition
module was integrated within FishEye. This consists
of extracting features about the provided species and
then classifying, successfuly recognizing it. To proper
validate the recognition performance, an evaluation to
the described module was carried out which showed
FishEye’s potential to efficiently recognizing species.

The main goal of this work, is to present ma-
rine species’ information in an integrated manner
while providing users with new means of learning
about fish species and at the same time interact-
ing with such data.
This document is organized as follows. In section

2 we introduce relevant related work that situates
our study on both species recognition and informa-
tion visualization most recent breakthroughs. We then
present and detail our solution’s both recognition pro-
cess, in section 3, and visualization in section 4, which
is followed by a description of the performed user us-
ability evaluation in order to validate the work done.
We then draw the main conclusions regarding all the
work done and a set of guidelines for further improve-
ments on our marine species’ visualization.

2. Related work
With the development of technology, telemetry data
gathering and analysis have motivated the study of
species’ movement and patterns, mainly supported by
the use of sensors implanted on the target species’
animals themselves. These sensors generate new data
on a daily basis and helps to understand the distri-
bution and space use of species, migration patterns,
spread of diseases, among others [10]. The profusion
of these data motivated the creation of visual rep-
resentations to make such information evident. De-
spite most approaches relying on geographical repre-
sentations, time-centered visualizations or mixed ap-
proaches have been developed as well. On the follow-

ing subsections we present and discuss several research
studies which follow the aforementioned paradigms.

2.1. Geographical
Moustahfid et al. [8] created a web interface that
provides graphical displays of ocean profile data and
location data for track visualization in real-time is pro-
posed. The visualization of collected data is done on
top of a user interface based on Google Maps, thus
making its native interactive mechanisms such as pan-
ning and zooming available to the user. Regarding fil-
tering mechanisms, the interface offers the capability
of choosing different time periods and datasets. Ex-
tra information can be obtained by means of tooltips.
Nevertheless, this interface presents some limitations:
no explanation is given about the adopted color codes,
new visualizations are rendered over the previous ones
leading to overlapping and loss of context and the
tooltips are unnecessarily large and flat, causing oc-
clusion of the elements behind them.

On a similar approach, Halping et al. [5] took ad-
vantage of the Google Maps’ interface to display and
analyze gathered telemetry data on movement pat-
terns and distribution of sea animals. For a better
and more precise understanding of the behavior of
species in relation to spatial data, underlying environ-
mental conditions at the time of observations should
be taken into account. The authors’ approach ensures
such mechanisms, having a direct linkage to common
ocean data layers. Some limitations of this approach
include the fact that any person may contribute with
information, increasing the risk of misleading or cor-
rupted data, the overlapping of bubbles creating clut-
tering issues, and despite having an abundant number
of data attributes, no derived measures, which could
lead to further relevant insights, have been considered.
The OzTrack project [6] also provides integration and
overlaying of species’ tracking data with environmen-
tal information. Beyond similar interactions described
previously, users can also display both unprocessed and
statistical values (derived measures) of the attributes
and are provided with different ways of displaying data.
This approach was tested intensively by a diverse range
of people, from students to government officials where
some limitations have been pointed out such as the
level of available metadata being very limited, making
difficult to take deep insights of the animal behav-
ior, animals’ trajectories tending to overlap and the
lack of information on error/uncertainty regarding the
represented data. One other major drawback of this
approach is the fact that the visualizations take a con-
siderable time to render, in which users are provided
with a URL that they must keep checking to know
whether the rendering is complete.

2.2. Temporal
Even though time is often present in geographical rep-
resentations, it usually consists of a means to filter
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data. However, in the work of Silvestro et al. [12]
multivariate and time-dependent data is addressed.
The authors propose a system that supports two com-
plementary views. The first integrates a scatter plot
with a line chart and a density plot using a histogram,
where hovering on a data point displays more details
about it next to the view. To reduce visual cluttering
in overlapping points, point opacity may be adjusted.
In the second view, different line charts are drawn on
the same plot, representing the mean value curve for
aggregated data on different time intervals. Some is-
sues were found on this work, particularly related to
its scalability. Furthermore, visual cluttering occurs,
hindering potentially relevant data. Lastly, color cod-
ing information is not available in all views, making it
difficult to interpret some of the visual artifacts.

2.3. Mixed Approaches
In the work by Ferreira et al. [2], a system for visualiz-
ing bird species’ distribution models across space and
time is provided. The system is organized in a number
of different views decided by the user, being each view
independent of each other, making it easy to compare
information between different species. For visualizing
migration patterns, including timing, direction, speed,
and duration of movements the system provides a map
depicting occurrences and variations, in which the user
is given the option of choosing a color gradient. For
temporal features the user is given in a simple line
plot the number of occurrences of the chosen species
across an established time frame. Each species’ possi-
ble habitat is defined by 16 characteristics, being each
used as a tag in a tag cloud and its importance for
that specific time-space is given by its font size. The
user can interactively drag the tag cloud on the map,
and content will be updated accordingly. The avail-
able filter mechanisms affect all views simultaneously.
However some limitations can be pinpointed such as:
the length of the tags can influence their perceived
sizes, becoming hard to say how important is a tag
over another, to change the dates (the user has to go
through all the dates to reach a goal date, while an
input option like a calendar would be more effective),
the variation map is static for that specific time-frame,
when such information should be dynamic using, for
instance, a timeline animation. Lastly, giving the user
the choice to choose the color coding may turn into a
disadvantage if the user chooses poorly.

3. Recognizing Species
FishEye’s recognition process is divided in two ma-
jor phases: feature extraction, in which fish species
unique characteristics that differentiate them among
each other are collected, and fish classification, that
uses the gathered features and compares them with
a knowledge base of previously gathered features try-
ing to find a match, and so efficiently classifying that
particular fish specimen.

The recognition development process was made fol-
lowing an iterative approach. As proof of concept for
the applied methodologies, the Clownfish (Amphiprion
Percula) species, and Powderblue Surgeonfish (Acan-
thurus leucosternon) species were chosen.

3.1. FishEye Recognition Algorithm
Based on initial exploration, object detection using
Haar feature based cascade classifiers [13] proved itself
as an effective object detection algorithm and chosen
as the main algorithm for FishEye recognition process.

The work-flow for the algorithm is as follows: first a
database consisting of positive samples (images con-
taining the fish), and negative samples (images con-
taining common background for fish such as coral,
sand, rock and water) is created. The classifier is
then trained within the samples by extracting several
features which represent the species. Afterwards, the
classifier can then be applied to any given image input
detecting a fish species efficiently.

3.2. Sample Gathering and Treatment
FishEye’s samples database consists of a total of
around 2.000 positive samples (half for each species)
and roughly 2.000 samples for negative samples. The
sample gathering process was done using several
YouTube 1 videos that included each species. By using
different videos, several variant factors which affect
the recognition process, such as illumination, back-
ground, water color, fish shape, position, scale, among
others were assured to be taken into account.

In order to automate sample collecting for each
video, a script was created by using Processing 2, an
open source computer programming language for im-
age processing.
The script saved a frame every two seconds followed
by resizing it to a much smaller and uniform size and
applying a noise reduction treatment such as Gaussian
blurring and histogram equalization. Afterwards, each
frame was manually cropped to around two to four
samples: one containing only the region of interest -
i.e., the fish, and the remaining serving as background
samples.

3.3. Training
The training stage starts with the feature extraction
from gathered samples on the previous step, these
features also known as Haar features, include edge,
line and four-rectangle features to be analyzed and
extracted.

The training process had many possible configura-
tions, so to achieve the best possible within the given
dataset, several were tried and compared against each
other, so that FishEye uses the best possible.

1https://www.youtube.com
2https://processing.org
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3.4. Detecting and Classifying

To classify a given image, it is divided into several
sub-segments. The several features extracted are also
divided hierarchically, grouped into 18 stages of classi-
fication, each increasing rigorousness. For each image
sub-segment, the classification is an iterative process,
being fed to each stage of the classifier, if it fails one
stage then that particular sub-segment is discarded.
A detected fish shape is then considered the largest

group of sub-segments that passes all the classifying
stages.

3.5. Architecture

FishEye’s species’ recognition’s module architecture
consists of three major components: FrontEnd, Back-
End and Database.
Users only interact within the FrontEnd component

on which they upload the fish species’ picture they
want to identify. The picture is then submitted by
means of a communication protocol to the BackEnd
component. On this component the pictures gets its
features extracted and fed to the classification stage,
where such features are compared within FishEye’s ex-
isting ones, stored in a knowledge base (a multimedia
database where for each fish species their extracted
features on the training/testing phase were recorded),
by means of the classification techniques. After rec-
ognizing the fish species, the user is then redirected to
the respective species’ information visualization page,
which has a welcoming screen showing the recognized
species’ basic info and prompting the user to know
more about such species.

3.6. Evaluation

FishEye’s evaluation process was done regarding two
fronts, a try and compare methodology during devel-
opment and at a final stage a more rigorous evaluation
following the same principles and metrics used across
studied related approaches.
During development, every 250 samples, a dataset

of ten pictures per species was fed to the trained clas-
sifier. These dataset pictures were independent from
the ones used at the training stage. The main metrics
of observation to validate the performance of each
iteration of evaluation were the time lapse duration
from inputing until a result was given, the number of
sub-segments which the classifier identified as being
fish, being considered the biggest segment area as the
one with more probability of containing the actual fish
and plotted in the picture. As example in the follow-
ing table 1, a comparative between the picture with
the worst metrics at the 250 samples iteration and the
last iteration with around 1.000 samples is presented.
As can be observed in table 1 all metrics had an sub-
stantive overall improvement.

Table 1: Recognition metrics comparison between first and final
development iterations
Samples number Time (s) Number of sub-segments % of Fish area detected

250 5.2 7 10 %
1.000 1.6 1 90 %

As mentioned previously, after the last sample gath-
ering and training iteration leading to around 1.000
samples per species a more rigorous evaluation was
done taking into consideration the same evaluation
methodology than the studied related solutions.

To perform the evaluation, different datasets were
used than those of the previous training phase. Fifty
samples for each species were randomly collected from
the datasets.
For each sample testing, the following metrics were
collected: true positive results(species identified cor-
rectly) as depicted in Fig. 1), false positive results
(species identified wrongly), false negative results (no
species identified when it should), and time duration
since providing a particular species sample until the
getting of a result.

Figure 1: Clownfish correctly identified.

In order to rate FishEye’s recognition performance
the following metrics were calculated: Average Recall
(AR), Average Precision (AP), Accuracy over Count
(AC) and Average Response Duration (ARD). The re-
sults achived were as follows: After applying the de-
scribed equations to the collected metrics, the results
achieved by FishEye were as follows:

Table 2: FishEye evaluation results
AR AP AC ARD
95% 100% 100% 1.61 s

The achieved results shows that FishEye can effi-
ciently recognize the trained species.
For the 100 tested samples, only two regarding the
Clownfish species and three regarding the Surgeonfish
Species could not be identified. This leads FishEye to
show an overall accuracy of 95%. Given that during
the tests there was no occurrence of a false positive
result, i.e., a species was never identified erroneously,
this leads to 100% precision as well as a 100% accu-
racy for identified species. The average response time
for the set of samples tested was 1.61 seconds which
shows that FishEye can have a real-time response time
as was its goal.
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In order to improve these results, it would be enough
to continuously train the classifier, thus improving re-
sponse time as well as overall accuracy. In order to
consolidate the obtained results, new species could be
trained and tested, being this process independent,
since new species can be easily added in the architec-
ture of FishEye, as plug-ins.

4. Visualizing Species’ Information
Nowadays, a lot of information about fish species can
be found, due to the continuous improvements across
animal tracking technologies. However such data,
presents itself as heterogeneous, disorganized (frag-
mented), difficult to relate to and have an overall view.
This problem, so frequent today, due to the ease of
generating and storing info, is often solved through
Information visualization (InfoVis) techniques.
Information Visualization alleviates cognitive load

associated with data interpretation [9]. A meaning-
ful visualization allows in fact the representation of
information in a way that highlights relevant informa-
tion while providing the means for the user to explore
and find important patterns. Represented data can
be used to explore the intrinsic and external factors
that may influence animal behavior, and so obtain a
better understanding of the ecosystem function and
evolutionary constraints of species. FishEye’s visual-
ization development followed an iterative and incre-
mental paradigm. To focus on FishEye’s goal, a rep-
resentative set of tasks which FishEye had to assure
was created, as follow:

• Navigate - Navigate trough data across the
years.

• Identify - Identify in which year/season there are
more occurrences.

• Locate - Locate species’ countries and regions of
election.

• Explore - Exploring how species occurrences
change across time and across geographic re-
gions.

• Compare - Compare different species.

4.1. FishEye
FishEye consists of a web application organized as a
single page with several coordinated views that keep
context on the displayed information. It features
a navigation bar displaying the currently active se-
lected species and an interactive visualization dash-
board. The dashboard is composed by a slider (Fig-
ure 2A) for data temporal filtering purposes and five
linked and interactive views which will be detailed on
the following sections: a Spiral (Figure 2C) and a
BeeSwarm (Figure 2B) plot for representing tempo-
ral data; a World Map Projection (Figure 2F) and a

Treemap (Figure 2D) for depicting geographical distri-
bution and a Radar Chart (Figure 2E) for representing
species’ physical characteristics.

The data used in our solution is available at GBIF3
(Global Biodiversity Information Facility). It contains
several datasets from museums and research facilities
merged all together on a downloadable CSV. The data
consists of information about time, GPS coordinates
and depth at which the species was detected.

4.2. Temporal Distribution
Temporal data helps identify patterns and gives the
possibility of extrapolating forecasts. In FishEye time
is represented in both a linear and cyclic manner.

Linear temporal data is represented on a BeeSwarm
plot, a one-dimensional scatter plot, with closely-
packed, non-overlapping points, showing how the ex-
isting occurrences flowed through time. The main role
of this representation is to serve as a timeline provid-
ing an overall overview on how the data is distributed.
It also allows the user to interactively change the cur-
rent attribute at focus from occurrences to their cor-
responding depth, thus depicting the depth at which
the species’ individuals were found over time.

Regarding cyclic time, a Spiral has been adopted
as a means to analyze the periodicity of occurrences,
throughout each year, making seasonal events evident
(e.g., were there more measured occurrences of clown-
fish in Australia during summer months?). Each spi-
ral ring represents an year, and each ring is divided in
twelve segments, representing corresponding months.
Color coding is used to represent the intensity of oc-
currences, directly mapped with the brightness of the
chosen color and its value labeled on a legend. Infor-
mation about a specific year is available on demand.
By clicking on a spiral ring a histogram of occurrences
of that particular year will slide above the spiral with-
out occluding it. The user also has the possibility of
filtering by removing/adding months them with a sim-
ple click, updating the visualization accordingly.

4.3. Geographical Distribution
Geographical data plays an important role when ana-
lyzing species’ behavior. It can help understand popu-
lation evolution over time, migration and mating pat-
terns as well as correlating one species’ behavior with
others. On our visualization, this data is represented
using two complementary views.

A Treemap displaying the overall distribution
among the continents. Each region has its area calcu-
lated according to the number of overall occurrences.
It is also possible to visualize how data is distributed
in a specific continent just by clicking on it.

A Mercator Projection Map with circles plotted pre-
cisely according to the GPS coordinates of the col-
lected data. Color coding is used on each circle to

3www.gbif.org
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Figure 2: FishEye Visualization Interface

represent the depth at time of the occurrence. The
user can easily navigate trough the map taking advan-
tage of panning and semantic zooming mechanisms.
Details about each circle are also available on demand
by clicking, showing its exact depth and country.

4.4. Species’ Physical Characteristics
Species’ gathered data present information about
some physical aspects such as the number of dorsal
rays, dorsal spines, anal rays, anal spines and the com-
mon length of such species. A radar chart was used
to display this information, allowing easy comparison
between multiple species. Some of the described char-
acteristics are unknown to the common person, so for
a sense of awareness a generic fish shape is used to
illustrate where such regions are located on the fish.
These regions are highlighted whenever the user inter-
acts with their radar chart counterparts.

4.5. Interactive Filtering + Summary
The default displayed information follows Shneider-
man’s mantra for visual data analysis [11]: overview
first, zoom and filter, then details-on-demand. The
main mechanism for filtering the active information is
through a year slider on which the user can choose
a particular time span. A time-lapse option that
makes the slider progress automatically is also avail-
able. Color also plays an important role on filtering
information. Initially the BeeSwarm points are color
coded according to the continent they belong to, the
same color is then used on the Treemap, making the
identification process immediate. By clicking on a
continent, all visualizations will only display informa-
tion about countries belonging to it. This interaction
will also trigger the zooming of the Projection Map

visualization focusing on the selected continent and
highlighting its countries with the same colors they
are coded in the Treemap. The same effect happens
when clicking on a country on the Projection Map
visualization.

4.6. Comparing Species
Species’ comparison across the existing domains pro-
vides further knowledge about them. Furthermore,
it helps identifying and establishing relations between
multiple species. Species’ behavior can also be af-
fected by other’s within their habits of choice, for in-
stance, does the appearance of a new species, in a
specific geographical location, lead to a decrease of
others? FishEye can be used to answer such question.
Initially the dashboard presents information about a
single species, however new species information can be
added by selecting it from a list of available species.
One can also change species on a singular level, mean-
ing just changing the current species’ data being dis-
played to the one selected.

Upon selection, the views readapt themselves to
the new information. On Fig. 3 comparison between
the Clownfish and Surgeonfish illustrates the changes
made to each visualization in order to support the
comparison mode.

On the Spiral visualization, it is possible to compare
which species had more occurrences throughout the
years, by means of color blending mechanisms. Being
each species represented by different color codings, in
order to properly perceive the resultant color and its
meaning further research was made.

According to the research by Gama and Gonçalves
[4] on human perception of color components’ rela-
tive amounts in blended colors, one of the color pairs
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Figure 3: FishEye’s species’s comparison mode.

humans can most correctly perceive is the (green, yel-
low) pair, which in equally amounts results in a lime
color.
With this in mind, the yellow color coding was cho-

sen to represent the second species, while the first
one kept the green color as coding. This results on
spiral’s segments whose color is closer to yellow rep-
resenting more abundance for the second species and
vice-versa. When equal number of occurrences be-
tween the species occur segments present the lime
color coding. In order to complement the adjacent
mechanism, a proper color legend scale was imple-
mented. Color’s brightness is still used to represent
occurrences’ magnitude. To represent the preponder-
ance between species hue is used. Since the possi-
ble combinations of number of occurrences between
species, fish’s avatars were included near the legend
to aid on perceiving the possible resulting colors.
The remaining visualizations also went through

some changes. The Treemap panel was divided in half,
each representing each species, allowing the compar-
ison between regions to be made side by side. Inter-
acting within one treemap, will also trigger the other
to display the same information.
On the Map visualization, new species are repre-

sented by appending new circles to the view, but with
different color coding, the same yellow as in the spi-
ral idiom for reasons of uniformness. Furthermore, a
representative depth legend scale for the new species
was also added.
Regarding the Radar chart view, a new area is plot-

ted representing the new species attributes. A new
species fish shape, representing the new species, is
also drawn taking into consideration the length ratio
between the two species and scaling it accordingly.
A new BeeSwarm was also added under the tem-

poral range slider, maintaining the same temporal do-
main in order to properly compare occurrences be-
tween both BeeSwarms.

4.7. Interaction
Interaction mechanisms allow the user to further ex-
plore and detect patterns in a more efficient manner.
They also engage and potentiate the user a more en-
joyable experience [9]. One of the primary concerns

of the proposed solution was giving the user the pos-
sibility to re-arrange and resize the visualizations as
needed, thus creating a more personal experience.
With a simple drag-and-drop mechanism users can
change the default dashboard layout. Also by means
of resizing, the user can have a better look at the in-
formation. In order to focus on a subset of visualiza-
tions, collapsing mechanisms are available. All these
are responsive and adapt the information while main-
taining the current context. The visualizations are
also interactive. With the exception of the Physical
Characteristics visualization, which is self contained,
all the described multiple views are linked together.
Interacting within a view will also trigger reactions on
the remaining. These are smoothed by the use of ani-
mated transitions, allowing the user to notice changes.

4.8. Heuristic Evaluation
To assess the status of the proposed solution, on the
middle of the development cycle, we did an heuristic
evaluation. This method is essential in our process of
incremental and iterative development and provides a
quick and low effort kind of evaluation. The heuristic
evaluation was done with 5 experts with a background
in Information Visualization. To assess the current
system, the experts were given a set of ten heuristics,
which are properly indicated to be used within Infor-
mation Visualization projects, based on the research
by Forsell and Johanneson [3]. Their feedback was
then analyzed and similar problems consolidated. The
main violated heuristics are presented as follows, or-
dered by degree of severity: information coding, recog-
nition rather then recall, orientation and help, consis-
tency, dataset reduction and spatial organization. The
heuristic evaluation provided great insights on the cur-
rent problems of the proposed solution and lead to a
higher quality work after its correction.

4.9. Demonstration of Potential
FishEye’s visualizations empowers and facilitates its
users to easily gather knowledge about species, just
by observing each idiom at hand. For instance, by
observing Fig. 4, we can infer some conclusions about
the Surgeonfish species’, such as:

1. Based on the BeeSwarm we can observe that,
early occurrences were mainly registered across
Africa, however, how progresses to the present,
species’ occurrences can be found mainly in Asia,
which strongly indicates species migrations across
the two continents.

2. Based on theMap Projection it can be noted that
the species’ habitats are mainly near shore, which
also corroborates the maximum depth, at which
Surgeonfish’s occurrences were found, being 20
centimeters deep.

3. Observing the Treemap idiom reveals the species
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can also be found in Oceania, which couldn’t be
seen at first sight in the Map Projection.

4. Looking into the Radar chart, it shows the
species’ average size is 19 centimeters and that
it has many dorsal and anal soft rays. Further-
more, such rays location within the fish can also
be observed.

5. Perceiving the Spiral it can be observed that, the
species’ period of higher intense activity is found
across February until May, while during Summer
season few occurrences can be found.

Figure 4: FishEye’s dashboard regarding Surgeonfish species’.

In order to increase the scope of conclusions drawn
about the Surgeonfish, it would suffice to use the
available filters and also the detail on demand options
present on each idiom.

5. Evaluation
Following a process of incremental and iterative de-
velopment, in order to validate the proposed solution,
a set of user tests was carried out in order to gather
quantitative usability metrics.
The main goal of this evaluation was to understand
how, in a real life context, users would react and ex-
perience FishEye.

5.1. Preparation
In order to give a coherent and uniform discourse for
all users during the evaluation procedure, a presenta-
tion script to introduce users to what FishEye con-
sisted of, and what features it provided was created.
Furthermore a set of twelve questions, with a varied
range of complexities, was designed in order that the
user would have to interact with all features offered
by FishEye, and so having a full coverage of the ap-
plication.
The set of twelve questions is presented as follows:
(1) For the Clownfish, what are the months where
there are more occurrences? (2) For the Clownfish,
which continent has more occurrences? (3) What is
the highest recorded depth for the Clownfish? (4)
How many dorsal spines do Clownfish have in aver-
age? (5) In the 19th century, what were the continent
and countries of choice for the Clownfish? (6) How

many occurrences of the Clownfish in the Caribbean?
(7) Comparing the Surgeonfish with the Clownfish,
which one has a longer length? (8) On what month
and year were recorded more occurrences of Surgeon-
fish, and how many? (9) Indicate a year where an
equal number of occurrences were recorded for the
Clownfish and Surgeonfish? (10) For the Surgeonfish
and Clownfish how many occurrences were recorded
in Indonesia? (11) For the Surgeonfish and Clownfish,
what species predominates on the African continent?
(11) In the Asian continent, how it compares the evo-
lution of occurrences along 2016 for both Surgeonfish
and Clownfish?

5.2. Protocol
Before the tests realization, a contextualisation on
FishEye and the current evaluation goals was given
to users. This consisted on mainly giving an over-
all overview and explaining each visualization purpose
and features.

Afterwards, each participant was given a five minute
period to explore FishEye as they pleased. Then, it
was delivered to the participants a questionnaire with
a list questions, corresponding to a set of tasks to
perform.

Subjects were informed that, for each question,
while interacting with FishEye until an answer was
given, an independent observer would collect metrics
on time duration and number errors made. Finally,
users were ensured that the evaluation process was
about testing FishEye and not themselves, giving them
more confidence and comfort to freely explore the sys-
tem.

After all twelve questions being answered, each sub-
ject was presented with the System Usability Scale
(SUS) a simple, ten-item scale giving a global view of
subjective assessments of usability [1] about the user
experience within FishEye.

5.3. Results
User evaluation was performed with 20 subjects. The
age group between users was from 19 to 33 years old.
These had a diverse range of educational qualifications
in several engineering areas such as computer science,
civil, electro-technical, among others.

Results about users’ response time for each ques-
tion are represented in Fig 5. As it can be observed,
questions Q4, Q7, and Q11 present the smallest value
dispersion, respectively, showing users had a high level
of agreement with each other. The overall response
for these questions can be considered fast with means
of 8.26, 10.11 and 9.7 seconds, respectively. These re-
sults go according to expected, since these questions
could be answered with minimal interaction, relying
more on observation skills. Questions Q1, Q2 and Q3
represent the answers with lowest minimum and mean
response times, with a few response times under 2
seconds, even under 1 second for Q1 and Q2, proving
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Figure 5: FishEye’s Evaluation - Box Plot for Question solving
duration (seconds).

these answers were quite intuitive for some users.
Q1 presents some considerable dispersion between an-
swers, with standard deviation of 5.83 seconds. This
can be explained since to answer the question users
would need to interact with the Spiral visualization,
being an unfamiliar way of representing the cyclical
behavior of time for some users, the highest value reg-
istered was 18.4 seconds which shows that even for
users unfamiliar with such data representation, they
were able to interpret it in considerable time. Ques-
tion Q2 is the one in which users had the fastest re-
sponses, with a small standard deviation of 3.52 sec-
onds and a mean of 4.17 seconds close to the box
bottom. Results above the mean can be explained
by users trying to to answer this question by inter-
acting and observing the Projection World Map vi-
sualization, while the rest answered recurring to the
Treemap visualization which allowed to give a more
intuitive and immediate response. Questions Q5 and
Q6 were considered medium complexity, and as it can
be observed they present a similar representation on
the box-plot, which presents a medium-high values dis-
persion. Questions Q8, Q9 and Q10 can be observed
as the ones with biggest values dispersion and stan-
dard deviation among the twelve questions set. Due
to the fact that these questions were considered high
complexity questions, having to change or compare
species, as also, there were different ways and orders
getting the correct answer, explaining such visible dis-
persion. Question Q12 can be observed as the one
which took users more time to answer, which was ex-
pected since it was the set’s most complex question
and to be properly answered interaction with several
visualizations and filtering process would have to be
done. The question minimum registered value was of
18 seconds, which is greater than the majority of the
remaining question’s means.
Regarding the number of errors, a total of 16 errors

were recorded. The vast majority of detected errors
can be explained by the fact users were not using the

correct visualization at first or the lack of use of filter
and interactive mechanisms, which can be considered
normal and expected since being their first experience
within FishEye. Nevertheless, these particular users
were able to recover from the errors made and find
the right path, on their own, to properly answer the
questions. It is important to note that for each user
a maximum of one error per question was recorded,
showing users learned from the error made and did
not commit any more while answering that particular
question. However for six from nine users, new errors
were registered on the following questions. The max-
imum number of errors registered for a particular user
was of three errors, for U16.

For deepening the results, further statistical analy-
sis was conducted. A Kolmogorov–Smirnov test was
applied which presented some evidence against nor-
mality, suggesting the use of a nonparametric test for
further statistical analysis, which was done by using
a Wilcoxon signed rank test to find significant differ-
ences between samples.

Users took significantly less time to answer the sec-
ond question then the remaining. The opposite situa-
tion is identified within the twelfth question, showing
users took significantly more time to answer Q12 then
the remaining.
Questions Q1, Q3, Q4, Q7 and Q11 show similar co-
efficients, being answered, except for Q2, much faster
then the remaining. Again, the opposite situation can
also be identified within the eighth, ninth and tenth
questions, in which users took a much considerable
time to answer these questions then the remaining,
excluding Q12.
Finally, for Q5 and Q6 questions, it may be observed
that users took much longer to answer these ques-
tions when compared to Q1, Q2, Q3, Q4, Q7 and
Q11, whereas comparing with Q8, Q9, Q10 led to a
short shorter time.

Due to low amount of errors the desired test
couldn’t be performed regarding number of errors.

In an attempt to find a correlation between the time
and the number of errors, the Pearson coefficients
were estimated, finding seven possible correlations, Q4
(r = -0.09, p <0.05) presents what is considered a
negligible correlation, while Q9 (r = 0.48, p <0.05)
and Q10 (r = 0.47, p <0.05) both present a weak cor-
relation, but very close to the minimum limit of what
is considered a moderate correlation, in which Q3 (r
= 0.63, p <0.05), Q5 (r = 0.58, p <0.05) and Q8 (r
= 0.65, p <0.05) are inserted, finally, it can be ob-
served that Q12 (r = 0.73, p <0.05) presents a strong
correlation between time response and and number of
errors.

Having this in consideration, a generalization be-
tween question response times and number of errors
correlation can’t be made, given that there is only a
strong correlation among questions.
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5.4. System Usability Scale (SUS)
The final step for evaluating FishEye, was regarding
the System Usability Scale questionnaire.
Users’ questionnaires were consolidated and for each,
the SUS score was calculated, following the scoring
guidelines provided on the works of J. Brooke [1]. Af-
ter, the global SUS score for FishEye was computed
by applying the mean to all users individual scores.
FishEye’s global rating was of 86.125/100 points. To
be able to interpret the score’s meaning the works of
Miller et al. [7] were consulted and so being able to
conclude that the achieved score falls into the ranges
of what is considered an "Excellent" and "High Ac-
ceptable" system with a final grade of "B".

5.5. Discussion
The performed user evaluation went according to the
beforehand prepared guidelines. Users were engaged
throughout the entire process and said to enjoy their
first experience within FishEye. The SUS question-
naire subjective item’s descriptions was also used to
interpret user’s feelings and thoughts regarding their
experience. In fact, by analyzing the user’s rating dis-
tribution among the ten questions, we can perceive
that the vast majority of users felt that they would use
this system on a frequently basis , without needing any
external help or further knowledge. A quarter of users
were neutral about the system easiness of use while
the remaining agreed it was in fact easy of use. Sim-
ilar were found regarding the ease of learning within
FishEye as also within user’s confidence level while us-
ing it, showing these three metrics (ease of use, ease
of learning, and confidence) are strongly correlated. A
fully level of agreement among users can be observed
regarding the system’s visualizations integration per-
formance as also consistency throughout. All users
agreed FishEye doesn’t presents itself as a complex
system.
Having all the described evaluation results into ac-

count, we can infer that FishEye was successfully ac-
cepted among users, which validates all the work done
during FishEye’s development process.
Furthermore, by being able to answer all purposed
questions with none to few errors and a high SUS
score, the evaluation assured this dissertation’s main
goal: to present marine species’ information in an
integrated manner while providing users with new
means of learning about fish species and at the
same time interacting with such data.

6. Conclusions and Future work
Currently technology, with tracking and tagging de-
vices, enables easy ocean animal data collection. Con-
sequently, such data is nowadays available in large
amounts, often fragmented and unprocessed. As a
result, despite its potential, due to the difficulties in
analysis, this data is often disregarded. FishEye is
a visualization that provides an interactive represen-

tation of marine species’ data. It consists of a dash-
board with interlinked views that provide the user with
complementary views on the existing data, allowing
pattern discovery and data interpretation. It also al-
lows the display of information regarding two species
at the same time, giving the user the possibility of
comparing species across all its existing data domains
as also establishing relations and common behaviors
about such species. Due to interactive mechanisms
such as collapse, resize and drag-and-drop features,
FishEye provides each user a personal and more richer
experience. To further engage and ease the user into
changes FishEye presents several animated transitions
across all views.

Following an iterative and incremental methodol-
ogy, different stages of evaluation took place during
development which lead to a more robust and higher
quality solution. In the end, usability tests were car-
ried out with 20 users in which twelve questions were
asked to be answered by using FishEye. Users were
capable of learning about fish species and at the same
time interacting with such data, thus being able to
answer all questions properly with a minimal degree
of error. Afterwards, a SUS questionnaire was made
to users which led FishEye to achieve a global score
of 86.125/100. Such score is considered "Excellent".

In order to possibilitate users to identify fish species
to further learn about them, a species’ recognition
module was integrated within FishEye. This includes
extracting features about the given input and then
classifying it by comparing the extracted features
within the FishEye’s existing features database. In
order too create FishEye’s feature database, FishEye’s
classifier was trained using a total of 4.000 samples.
Species samples are added within FishEye as plug-ins,
being each plug-in independent from the remaining,
allowing the solution to proper scale without further
workarounds. To validate the FishEye’s recognition
module two species (Clownfish and Surgeonfish) were
chosen as a prof of concept. The performed evalua-
tion showed that FishEye can efficiently recognize the
trained species within an accuracy of 95%, 100% pre-
cision and a real-time responde of 1.61 seconds.

Future work includes adding new species to both
recognition and visualization processes, being this pro-
cess independent, since new species can be easily
added in the architecture of FishEye, as plug-ins. Fur-
thermore, new idioms should be taken into considera-
tion to be integrated within FishEye’s dashboard. New
data attributes should also further researched, thus
creating a more complete and meaningful experience
as also improving user species’ learning and pattern
identification. Ways of decreasing user proneness to
error, as also, decreasing time response to properly an-
swer the questions asked during usability tests should
also be researched and later carry out further testing
to validate such research.
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