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Abstract

Creating an Application for Crowdsourcing the
Data Collection of Northern Pike

Filip Hultgren
Christopher Rydell
Max Rylander

Northern pike (Esox Lucius) serves an important role in the ecosystem
of the Baltic sea, and is therefore commonly used as a model species for
studying the entire ecosystem. Photographic mark-recapture is a method
for studying animal populations through the tracking of individual ani-
mals based on photographs of distinctive markings on their bodies. In
order to use the method on larger populations, computer assistance can
be used in analyzing the photographs. We have implemented a mobile
application through which photographs of northern pike can be collected
on a large scale by people who fish, as a means of crowdsourcing im-
portant data for mark-recapture analysis. The application sends the pho-
tographs alongside measured values of length and other parameters to
a server that makes use of artificial intelligence to match the captured
specimens with photographs taken earlier. This allows for tracking the
growth and migration of individual specimens over time. In order to
incentivize users to contribute with the application, we also allow them
to form groups through which they can share their catches. The system
is functional aside from some noticeable flaws in the pike comparison
functionality, and we consider it ready for deployment as a data collec-
tion system until a suitable comparison component has been developed.
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Handledare: Mats Daniels och Björn Victor
Examinator: Björn Victor



Sammanfattning

Gäddor (Esox Lucius) spelar en viktig roll i Östersjöns ekosystem, och är därför vanliga
att använda som en modellart för att studera hela ekosystemet. Fotografisk fångst och
återfångst är en metod som används för att undersöka djurbefolkningar genom att spåra
individuella djur baserat på fotografier av distinkta mönster på deras kroppar. För att
använda metoden på större djurbefolkningar kan datorassistans användas när fotografi-
erna ska analyseras. Vi har implementerat mobilapplikation med vilken fotografier på
gäddor kan samlas på en större skala av personer som fiskar, och därmed crowdsourcea
viktig data som behövs för fångst- och återfångstanalys. Applikationen skickar fotogra-
fierna tillsammans med uppmätta värden på längd och andra parametrar till en server
som använder sig utav artificiell intelligens för att matcha de fångade gäddorna med
fotografier tagna tidigare. Det här möjliggjorde det att följa tillväxten och förflyttningen
hos individuella gäddor över tiden. För att främja att användare bidrar med applikationen
så tillät vi dem även att skapa grupper genom vilka de kan dela sina fångster. Systemet är
fullt funktionellt bortsett från några framstående brister i gäddjämförelsekomponenten,
och vi anser att det är redo för lansering som ett datainsamlingssystem tills en lämplig
jämförelsekomponent har utvecklats.
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1 Introduction

1 Introduction

In the last couple of decades the marine life of the Baltic sea has decayed. This change
of state has its origin in industrial and agricultural waste that has been released into the
Baltic sea [1, 3, 56]. The pollution has led to algal bloom, which increases in size on a
yearly basis and decreases the oxygen levels in the ocean [50], which in turn alters the
ecosystem in a non-sustainable way.

To measure the change of state, scientists use vital organisms of the ecosystem as models
of measurement [31]. The northern pike (Esox Lucius) is one of the models scientists
use. Their impact on the entire ecosystem is crucial. As a top predator it regulates
the population of the rest of the fish community [31]. Therefore their migration and
population along the coast of Sweden affects the habitat’s life force.

To be able to analyze the health of the pike, scientists need information about the current
habitats and their population. A common method to track pikes is the mark-recapture
process. In one common form of mark-recapture, a tag is used to mark a specific indi-
vidual. But flaws exist with this method. Loss of tags and corrupt tags must be taken into
account [32, 59]. The tags also include a manufacturing cost. An alternative method for
mark-recapture identifies individual animals with the help of photography, which can
be done by noting unique markings on their bodies. This project implements a solution
that allows citizens to assist in the collection of data required for this method. The pho-
tographic mark-recapture method is applicable on pikes as the patterns that appear on
the bodies of pikes are unique [23]. This enables us to centralize tracking data of pikes
to one database and allows the general public, those with a smart phone, to use this ser-
vice to track pikes, in what is known as crowdsourcing. Crowdsourcing will generate
tracking data, so that researchers in this field may not have to track pikes by themselves.
The data is already obtained, saving the researchers time.

A difficulty with crowdsourcing is to get the general population to use this service.
Even if participation is open to the public, they might not necessarily feel any incentive
to use it. Our solution is to provide and show the obtained data in an informative way.
We do this by showing the history of length, weight and positions of the pike. The
service also allows users to create groups and share catches. This service can work as a
platform to register catches, give educational information about a pike’s habitat, growth
and behavior, manage and have an overview of catches, and share catches with others.

During the course of the project the service was implemented to a satisfactory degree.
All the functionality we had intended to implement has been created, and the service
has been prepared for deployment. However, the part of the service that was meant to
identify pikes did not work as well as expected, and some issues with the service were
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2 Background

raised during the evaluation that should be handled in the future. We still consider the
service to be ready for limited deployment as it is fully usable as a data collection and
catch sharing system.

2 Background

In this section, we present relevant background information regarding our project. We
discuss wildlife tracking in a more general sense and focus on the specific method that
our system assists. This is followed by an overview of how computer vision ties into
this method, and we finish with an introduction to citizen science, an important aspect
of our project.

2.1 Methods for tracking wildlife

Within the field of biology it is often of interest to track certain animal populations
over a period of time. This can be important for a variety of reasons, for instance
monitoring the progress of conservation efforts [6], studying the migration patterns of
certain species [26], or simply estimating the size of the population [32].

Population estimations of animal groups can be done in a variety of ways. Direct counts
can be used, wherein individual animals are counted visually. A direct count does not
necessarily include a total count, but can instead involve a partial count from which
the total population can be estimated. One example of a partial count method is a strip
count, wherein specimens are counted across a wider strip, e.g. through an aerial sur-
vey [61, 12]. Another commonly used alternative are line transect methods [14, 18, 12],
wherein the occurrence of animals along specific lines is used for a total estimation.
Indirect counts are another option, where the traces of animals can be used to indi-
cate their population [55]. Another method for studying animal populations is removal
sampling [62]. In this method, individuals are removed from the group on multiple
occasions, e.g. by moving them to a different habitat. A statistical estimation can be
done of the total population size by looking at how the amount of removed specimens
changes over time.

One important method for estimating more than just population abundance is known as
mark-recapture. Mark-recapture is a method in which individual members from a group
of animals are on one occasion marked, and on a later one recaptured. While the name of
the method suggests that the animal has to be physically captured twice, identification
for recapture can in some cases be done visually from a distance. Likewise, initially
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marking the animal can for some species be done by noting distinctive markings that
occur naturally on the animal [32]. Upon recapture, the marking is used to identify
the specific animal, and thus important data can be collected. The data is then able to
be used for seeing how the individual has changed between the initial capture and the
later recapture. Since researchers often mark several animals in a group, this further
allows them to study the group as a whole. Relevant information that can be studied
through mark-recapture data include behavior, population size, survival statistics, range,
potential threats, and reproductive patterns [36, 20, 32].

Many different techniques exist for mark-recapture [36]. Some of these are temporary,
such as marking the animal with a dye or tape, while others are permanent, such as re-
moving tissue, branding with excessive heat or cold, or by implanting passive integrated
transponders (PITs), a form of microchip. There also exist methods that are not neces-
sarily permanent, but that are able to last for a longer amount of time than the temporary
methods, such as attaching a tag to the animal. When deciding which method to use,
researchers have to consider different factors, which include ease of application, tem-
porary stress caused to the animal, cost, as well as potential alterations to the animal’s
behavior.

Mark-recapture is not necessarily tied to one type of animal, but is applied to many
different species. Looking closer at how the method is used for fish, we can see a variety
of problems that can arise from different techniques. If tags are used, the possibility
exists that the tag can be lost, which can have a notable effect on the results [32, 59].
This can to some degree be mitigated by applying two tags to the fish, thus allowing
researchers to take the probability of tag lost into account in their model [59]. Freeze
branding is also used on fish, wherein a distinctive mark is made on the fish using
extreme cold. This method has been shown to be able to stunt the growth of fish, and
has a slight possibility of the mark becoming unrecognizable over the study period [20].

2.2 Photographic mark-recapture

An alternative technique used for mark-recapture is photographic mark-recapture [63,
64]. This technique relies on the initial marking being done using photographs of the
studied animals, which are then compared to photographs taken at a later point to iden-
tify a recaptured animal. This is possible due to distinctive marks found naturally on
some species [32]. Problems with this technique include that animals could potentially
be misidentified upon recapture, and that natural markings could change over time [64].
Another considerable problem is the amount of work that goes into the technique. While
it is manageable for smaller animal populations, manually comparing photographs from
large populations can be time consuming [4, 41]. For this reason, computer algorithms
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have been developed to automate much of the manual work required for photographic
mark-recapture, allowing the technique to be used for larger populations [7].

A contributing factor to the rise of photographic mark-recapture studies has been the
advancements made in digital photography [7, 13]. These advancements allow for a
large volume of high quality photographs of animals to be taken with relatively low
expenses. Additionally, the cameras often automatically store information regarding the
time and location where a photograph was taken. This has the added benefit of data
being able to be collected by more than just researchers, allowing studies to make use
of photographs taken by tourists or citizens [4, 13]. The combination of quick computer
analysis of data and the recent capabilities for widespread and inexpensive collection
of data has led to a variety of studies making use of computer-assisted photographic
mark-recapture [39, 5, 4] in favor of other techniques.

2.3 Computer vision

Computer-assisted photographic mark-recapture often makes use of computer vision
algorithms [7, 13, 41]. Computer vision involves extracting useful information about the
real world from an image. This can be used for different goals, for example recognizing
that a certain type entity is present in a scene at all, or ascertaining certain properties
from a subject [29]. Different methods are used for pattern recognition on animals.
One method used is Spot Pattern Matching [41], which requires pre-processing of the
images by the operator, wherein they need to mark a region of interest and prominent
spots in that region manually. Another method, used by Bolger et al. [7], is the Scale
Invariant Feature Transform operator. Their implementation does not require manual
pre-processing of the images, and is suited to matching images regardless of scale or
orientation.

2.4 Citizen science and crowdsourcing

Citizen science is a term used to describe the assistance of the public in scientific
projects by means of collecting data. The most common fields are conservation and
ecology, geographic research information, and social science and epidemiology [30].
Such projects are not only beneficial to the researchers making use of the data, but can
also serve to be rewarding to participants by acting as an informative look into sci-
ence [51]. The earliest attested citizen science project that was open to the public was
the Christmas Bird Count in the United States, which has been repeated on a yearly
basis since 1900 [52]. This project now sees thousands of participants every year, and
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the data collected from it has been used for hundreds of papers. Citizen science offers
benefits in the form of reduced costs and increased data volumes, and has been further
developed through the emergence of the Internet and mobile computing.

A concept closely related to citizen science is crowdsourcing. Crowdsourcing refers to
a low cost solution where activities are outsourced to the general public [51]. This is
not always used for research, as it can also be used as a business model by companies.
Citizen science can however often make use of crowdsourcing for its activity. Doan,
Ramakrishnan and Halevy [16] have outlined some of the important things to consider
during a crowdsourcing project. Among these is the challenge of how to recruit and re-
tain users. They have listed five methods for recruitment: requiring users to contribute
through authority over the user, paying users to contribute, asking people to contribute
as volunteers, making users contribute as a requirement to use another service, or pig-
gybacking the crowdsourced activity on another service. They have also listed different
methods for retaining users: providing instant gratification through the activity, making
the service overall an enjoyable experience, providing some way of showing a user’s
renown through contributions, adding competitions to the service, or making the user in
some way feel as if they “own” a resource in the service.

3 Purpose, aims, and motivation

We aimed to create an application to enable people who fish to contribute to the collec-
tion of photographic mark-recapture data of northern pike (Esox Lucius). We believed
that the advancements made to computer-assisted photographic mark-recapture [7] have
presented an opportunity for a much more widespread collection of data. The data col-
lected on the location, weight and length of individual specimens would be accessible
for scientific and hobbyist purposes. This could simplify studies that apply mathemati-
cal analysis to populations of northern pike, as it would remove the need for researchers
themselves to carry out extensive data collection. While it would not make all other
forms of data collection redundant, due to limitations in what information is collected
and where it is collected [31, 36], it could stand to alleviate many studies focusing on
migration and nourishment.

3.1 The application

Our goal was to develop an application for mobile devices, for which we would design
a simple user interface to allow for easy use. We wanted it to enable a user to take a
picture of a pike as they catch it, and then submit the picture along with data on the
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weight and length of the catch. If the user were to catch a pike that has previously been
registered in the system, the user would see information about where the pike has been
caught earlier, and how it has grown over time. The user would then be able to browse
through their previously caught pikes and see how they have moved upon subsequent
recaptures by other users. We believed that the ability to see how individual fish move
and change over time would be interesting enough to serve as an incentive for using the
application.

In addition to this, we also had the goal of adding a group feature to the application. We
intended users to be able to create groups where they could share their catches with other
group members. Not only would this serve to create a social aspect of the application,
but it could also potentially aid in research projects. If researchers wanted to use the
application for a more limited study instead of collecting data from the entire database,
they could create a group and share all relevant catches within it.

3.2 Motivation

The choice of specifically targeting northern pike with our application was done due to
an interest in studying the species in the Baltic sea [31]. While extensive studies have
been performed on pike spawning in fresh water and migrating to the Baltic sea, a lack of
research exists for pike spawning on the Baltic coast [26]. This was especially important
due to the important role of northern pike in the Baltic sea, as well as due to the changes
brought on to the area due to human activity, such as overfishing and pollution [31].
As a top predator in the Baltic sea, the study of northern pike is not only useful for
ascertaining information about pike population alone, but about the entire ecosystem.
It has therefore emerged as an important model species since the 1980’s [26]. The fact
that northern pike has been shown to feature characteristic marks on its body [23] also
makes it suitable for photographic mark-recapture.

In addition, the project was intended to support work towards the Global Goals for Sus-
tainable Development, in particular goal 14. This goal stated a need to “Conserve and
sustainably use the oceans, seas and marine resources for sustainable development”.
Some of the points mentioned alongside it include protecting and restoring ecosystems,
carrying out sustainable fishing, and increasing scientific knowledge, research and tech-
nology for ocean health. We believed that the application could potentially support
progress towards these three points in particular. The data provided with the help of the
application could show concrete information on the effects of the current rate of fishing,
which could be used as reference in imposing proper regulations to prevent overfishing
in the Baltic. This in turn would play a large role in sustaining the Baltic ecosystem due
to the important status of the northern pike [58].
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3.3 Ethical concerns

While the project was motivated by a desire to monitor and preserve marine habitats,
there is a potential risk of it having the opposite effect. As highlighted by a similar
project presented in Section 4.2, widespread collection of wildlife data could potentially
lead to said data being used for hunting. In our case, this would mean that the data could
contribute to the overfishing of pike, were we to make it fully available to all users.
However, as our retention strategy for the application involved giving users information
about the fish they catch, we could not restrict all data. We therefore needed to be
selective about how much data we gave users, in order to create a balance between
giving enough to be incentivizing, while not giving enough to be a risk. Users can only
view data about the pikes that they themselves have caught or the pikes that have been
shared deliberately.

Another ethical concern is that we need to make users aware of how we actually use
their data, as well as of what data we collect. A user needs to accept a user agreement
in order to access the application. This user agreement contains all the information on
how the application uses the user’s data. Everything the application does that involves
handling of the inserted user data is documented in this user agreement. The intentions
of the application are transparent to the user. The consent must be clear and exhibited in
an easily accessible form in accordance with a guideline from the GDPR (The General
Data Protection Regulation) [19]. That implies that the user will acknowledge that they
are aware of the application’s intentions.

We have made an attempt to make the application compliant with the laws and guide-
lines of the GDPR. These include that a user has the right to delete their personal in-
formation [19]. When the user deletes their account, the relation between the user and
their catches will be removed. However the history of catches will continue to be stored
in order to give the users a more heavily informative response. The user agreement con-
tains the information that the uploaded data of the catch will become the property of the
application’s owner. The concern for the deleted user is that the recorded data is stored
and visible for other users. However this is needed in order for the application to be use-
ful in research. Furthermore, crowdsourcing implies that the user entrusts informative
data.

3.4 Delimitations

Our focus with this project lay in designing the application and the server, as well as
connecting these components to the artificial intelligence. As such, we did not put
any greater amount of time into studying or building upon the algorithm used by the
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artificial intelligence. We did not perform any extensive evaluation of the accuracy of
the algorithm either. The system was built to be modular, such that future iterations of
it could easily replace the pike matching algorithm with a more carefully designed one.
Furthermore, as we were only concerned with designing a tool for collecting the data,
we were not involved in any analysis of said data.

We chose to limit ourselves to only target northern pike with the system. While the same
kind of analysis could potentially be done with other species, we believe that this would
make the application too broad. This could in turn make the application unappealing to
users, due to a lack of clear focus. There would be the additional problem of not know-
ing beforehand which species could be identified through unique markings. This would
require us to either let all species be handled the same way, only working properly for
some, or to do additional research into which species did have unique markings, which
could potentially be a very large amount. We believed that this would be redundant, and
that extending the system to handle more species could be done in the future if it was
shown to work well for northern pike.

4 Related work

As we did not have a deeper involvement in the development or customization of the
pike recognition algorithm, we did not perform any closer examination of work pertain-
ing to similar algorithms. When searching for work related to our project, we chose to
focus on work related to citizen science, crowdsourcing, and the development of data
collection applications.

4.1 CrowdHydrology

Fienen and Lowry [25, 33] used crowdsourcing with the help of citizen scientists to
measure stream water levels at various sites in the project CrowdHydrology. Visitors
at the sites were prompted by signs at water level gauges to send a text message con-
taining the station number and water level given by the gauge to a given phone number.
The text message would then be parsed, and the value would be stored in a database
displaying the results on the web. The authors noted that this method of data collection
could greatly reduce costs. They also highlighted the challenge that arose from the fact
that their data collection was done via text messages, rather than through a mobile ap-
plication that could structure the submitted data in a predefined way. This was further
encumbered by the signs at the water level gauges being designed for simplicity, giving
little guidance on how to structure the text messages.
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The cost of implementing the project was the cost of simple water level gauges, signs,
and a few work hours of code customization. This cost was low, as the authors had
expected. As to the effectiveness of the data collection, they noted a disparity between
the volume of data collected from different locations. Some of the less-documented lo-
cations were explained due to seeing less traffic, while others were due to being located
where it might be more inconvenient to submit data. One pattern the researchers noticed
was that some of the citizen scientists would go out of their way to contribute, making
data collection a daily habit. They additionally note the use of citizen scientists would
not only be good for reducing costs and increasing data volume, but that it would also be
rewarding and informative for the participants to contribute to environmental research.

4.2 WildBook

Berger-Wolf et al. have developed Wildbook [6], a system for collecting wildlife data.
The project uses crowdsourced photographs of animals in need of conservation, for
example various species of giraffe and whales. These collected photographs are passed
to artificial intelligence in order to find unique individuals captured earlier so that census
analysis can be done. The photographs are submitted alongside information regarding
time and location, and can optionally also include sex, age, or weather at the time of
photography. The images are crowdsourced both intentionally and opportunistically,
meaning that they are both submitted to the system by citizen scientists themselves, as
well as collected from public channels, such as photos taken by tourists.

The project has been deployed for studies of several animal populations. The first of
these was a study of Grevy’s zebras in Kenya, which assisted in animal population
management by showing high predation rates among adolescents. Other animals studied
with the system include giraffes, whales and whale sharks. The authors made note of
biases that they encountered during the study. One of these was the fact that photographs
were able to be taken in many different ways, e.g. at different angles and with different
amounts of movement blur. They also discuss a potential security issue in their project.
The authors note that photographs submitted would often retain the geodata of where
the picture was taken. As the project largely deals with endangered species, this could
be a considerable security risk. If the data were to be exposed, it could potentially be
used by poachers to simplify the tracking of endangered animals.
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4.3 DORIS and Magpie Mapper

Teacher et al. [57] have outlined the development process of smartphone applications
intended for scientific data collection. They noted that such applications have seen in-
creased usage both by researchers and citizen scientists. The paper lists important things
to consider during development. Among these are whether or not the data collected us-
ing the application is actually useful, as well as how the user should be incentivized to
use it.

Two case studies were discussed as part of the paper. The first case study concerned
an application called DORIS for collecting data on lobsters caught at sea for research
purposes. The development of the application saw two main obstacles - that it needed
to be easy to use while on a rocking boat in heavy equipment, and that it would have
to be able to be used while out of wi-fi reception range. To solve these issues, the
developers worked closely with the researchers so that they could adapt their design to
one that would be suitable for the turbulent conditions. They decided upon a design
wherein the user would not have to use any touchscreen buttons, and could instead
interact with the application by using the physical volume button on the phone. The
internet connectivity issue was circumvented by caching the collected data until the
phone received an internet connection, upon which it would upload it.

The second case study revolved around the application Magpie Mapper. The applica-
tion was made to investigate where the general public most commonly interacts with
wildlife. This was done by allowing users to use the application to send a notification
whenever they encountered a magpie. Magpies in particular were chosen as a study
subject due to being easily recognizable. The developers focused on creating an easy-
to-use user interface, featuring a large clear button to be used for recording a magpie
encounter. Additionally, the application featured a page where users could view their
previous magpie encounters. The developers did not work closely with the researchers
themselves, and instead focused on testing the usability of the application with potential
end users.

4.4 Lessons learned from related work

An obstacle that can be seen when comparing our project to CrowdHydrology [25, 33]
is the ease of use. We required the users to, on their own volition, submit the data as they
catch a pike, which requires them to prepare beforehand by installing the application and
keeping it in mind during their fishing. In contrast, Fienen and Lowry prompted visitors
to submit the data upon encountering it. The simplicity and brevity of the task given to
visitors made the data submission process more accessible than in our project. It was
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therefore important for us to give users some more appealing motivation to participate
in the crowdsourcing. Similarly to Magpie Mapper [57], this was done by providing
the user with active feedback regarding their contributions. Viewing this according to
the crowdsourcing methods discussed by Doan, Ramakrishnan and Halevy [16], we
can see that both projects recruited users through volunteering, while only our project
employed a retention strategy through instant gratification. We additionally employed
the competition aspect of retention through our group functionality.

The bias presented by Berger-Wolf et al. [6] in the large variety of possible angles
that could be taken of animals for crowdsourced photographic mark-recapture was one
that disappeared in our project. The fact that pikes were caught, laid out, and then
photographed allowed for most submitted photographs to be taken from a very similar
angle with little movement, unlike what was the case for roaming land animals. We
did however have to be mindful of the security risk proposed in their paper. As we
intentionally disclosed the geographical data related to marked fish as an informative
feature of the application, the risk that it could be used as a way for users to find large
concentrations of pikes was possible. This could in turn have led to increased efficiency
in pike fishing, possibly contributing to overfishing.

5 Method

Before beginning work on the implementation of the system, we had to decide which
tools we would use as a foundation. We required an algorithm for identifying the pikes,
a framework for developing the interface of the application, as well as a framework for
implementing a server that could help the application and the identification algorithm
communicate. In the following section we present the tools we decided to use, as well
as our motivations for these choices.

5.1 Pike identification

To be able to properly identify unique pikes we made use of the algorithm developed
for Wild ID [7]. This was chosen due to time constraints, a general inexperience with
developing machine learning algorithms, as well as only a rather small data set available
to us for training an AI to identify pike. As the algorithm used in Wild ID has been
shown to correctly identify various types of animals with unique markings, it was found
to be sufficient for our purposes as well. The open source application containing the
algorithm was distributed with a full user interface rather than simply being a standalone
module, which additionally required us to extract the relevant code to be able to use it.
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Wild ID has been used for other projects in the past, and thereby has what we considered
a reliable track record. One example of this is the WildBook [6] presented in Section
4.2. Several other examples of projects that have made use of the software exist. Bendik
et al. [5] used Wild ID to study endangered salamanders. Morrison and Bolger [38] used
it to study wildebeest migration. Ringler, Mangione, and Ringler [47] used Wild ID to
assist in studying genetic mark recapture methods for amphibians across various life
stages.

An alternative system that could have been used for identifying pike is APHIS (Au-
tomated Photo Identification Suite) [41]. This system is available freely and has been
shown to be effective in animal identification. Matthé et al. [35] have compared both
Wild ID and APHIS with two other popular systems, I3S and AmphIdent. They found
that AlphIdent outperformed the other three systems in identifying specimens, while
Wild ID still produced good results. We still chose to work with Wild ID, as it was
presented to us early on in the project, but noted that the modular design of the sys-
tem discussed in Section 6 allows for easily replacing the identification algorithm in the
future.

5.2 Cross-platform mobile application development

As for the mobile application, we developed its user interface using the React Native
framework. When choosing a framework to work with, we first considered which plat-
forms should be targeted. As the express purpose of the application was to get a large
amount of people to help collect data, we reasonably wished to cover as much as we
could of the mobile operating system user base. As of February 2019, Android cov-
ers 74.15% of the global market share [54], which could suggest developing a native
Android application. While this is a large portion of smartphone users, we note that
the statistics are more even in the Swedish mobile market, where Android makes up
41.91% and iOS 57.68% [53]. As the application was focused towards Swedish users,
it was therefore desirable to cover both iOS and Android.

We took various techniques for developing cross-platform applications into account.
The first, and perhaps simplest option, was to develop a pure web application, i.e. host-
ing the application as a website and accessing it via a browser [27]. We decided against
this as it would require an internet connection, which would not always be the case.
Another option was hybrid applications, which are similar to web applications, but are
put in a native wrapper instead of being run through a browser [27]. A native wrapper
refers to code that mainly serves to execute another piece of code on a particular operat-
ing system. The wrapper can be implemented on different operating systems, while the
code it executes can remain the same. In this instance, this would mean that the native

12



5 Method

wrapper has the features that a web browser would need to use a web application. We
decided against this as we wanted the application to feel more like a native application
than a website.

The last option we looked at, which decided to use, was to develop a native scripting
application. Unlike conventional native applications, where code is written to be run
directly on a specific operating system, a native scripting application uses a native inter-
preter to execute the code [27]. While there is still a small performance loss compared
to native applications, we found that this difference was small enough to be permissi-
ble, especially as it mostly concerned the performance in the usage of system resources
rather than the performance of the user interface in terms of frame rate. We decided to
use React Native for our native scripting framework. This was done partly due to prior
experience with JavaScript, which the framework is built on. JavaScript was also favor-
able due to the fact that it is the most popular programming language among developers,
according to a survey by Stack Overflow [44]. From this we could reasonably assume
that assistance could easily be found if we had trouble with the language. Another
factor was the fact that React Native features simple component-based UI design [34],
allowing us to make our relatively simple interface without having to spend a lot of time
learning and fine-tuning a more complex UI system. Additionally, it allows for easy
access to both the phone’s camera and GPS location, which are both things we were
interested in using.

5.3 Backend development

In order to handle the communication between the users and the AI and database, we
also needed a web framework. The web framework was used to create an interface
for the client application, handling requests sent by the users, performing the necessary
actions in the backend, and returning the appropriate responses to the users. The web
framework also had to be able to handle user authentication properly, so that for exam-
ple only the owner of a user group would be able to edit the group information. This was
handled with RESTful API endpoints, which made up most of the work done with the
framework. A RESTful API refers to an API (Application Programming Interface), i.e.
a way for external programs to communicate with a service, that follows REST (Repre-
sentational State Transfer) principles. An endpoint for such an API refers to an address
that can be called to perform a specific function on the server, such as editing or retriev-
ing data. REST is an architectural style for software first presented by Fielding [24, 48],
which we discuss further in Section 8.1. This architectural style was chosen due to its
high popularity, having been used for 83% of APIs in 2017 [40].

As calls to an API endpoint can be done independent of how the endpoint is actually im-
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plemented, we were able to build a server that simply made these endpoints function. As
such, the web framework did not need any complex functionality beyond being able to
interact with a database and allowing for easy implementation of API endpoints. While
some frameworks offer web application development as part of their functionality, such
as Ruby on Rails [49], Django [15], and Angular JS [60], using it to only create an API
allowed us to communicate with the server from any arbitrary application.

We opted for a Python framework due to the fact that the language is an interpreted,
high-level programming language with dynamic semantics. The language is simple and
the syntax emphasizes readability that reduces the maintenance cost [46]. In addition,
Python has been rapidly growing in popularity, becoming the fourth most common and
second most liked language, according to a survey by Stack Overflow [44]. Looking
at the available options, we found that the two most popular Python web frameworks
were Django and Flask [11]. The metrics used for determining the popularity of the
frameworks included how prolific they were on both GitHub and Stack Overflow [10].
Because of this, we made the assumption that we would more easily be able to find
assistance online with a framework ranked as more popular, should we need it. We
examined the two most popular frameworks more closely. Django was found to be
more suitable for more expansive projects with complex functionality, including a lot of
useful features by default, while Flask is more minimal, allowing a developer to quickly
get something running and expanding upon it with modules when needed [37, 17]. In
addition, simple implementation of API endpoints was possible with the base version
of Flask, and while endpoints were also simple with Django, it relied on an external
framework [9]. As the functionality of the planned back-end was quite simple, we
therefore decided to use Flask.

6 System structure

The system was built using four main components. The mobile application is used by
citizen scientists to collect photographs and data. As this information is submitted, it
is sent to a central server. This server makes use of an animal comparison component
to match the submitted data to a known specimen. This comparison component is the
Wild ID program, written in Java, that analyses and compares images with each other.
This comparison is done using existing images stored in the database of the comparison
component, from which the comparison component selects photographs that might be
relevant to compare to. When the comparison is complete and an identity has been
assigned to the submitted pike, this information is stored in the database and the mobile
application receives a response.
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Figure 1 An overview of the system structure. The parts of the system that were already
available to us are shown in grey, while the parts shown in white were developed by us.

6.1 Server and database

As discussed in Section 5.3, the server consists of a set of RESTful API endpoints.
These endpoints are reachable with HTTP requests. This implies that any application
that can send HTTP requests is compatible with our server. That makes the server
reachable from any arbitrary device or application that has internet access. If any interest
arises to replace the applications, or to connect a new application to the server, the
modularity of the RESTful API is of great aid. There is no need to modify the server in
order to connect new applications.

These endpoints have a variety of functionality and descriptive URLs that reflect their
purpose and function. When requests are sent to the server, it is required to store data
from the requests. The solution was to create a database that the server has direct access
to, as this would provide persistent and structured storage. The communication between
the server and the server database is made by SQL queries. If an application makes a
request to fetch information, the server makes use of SQL queries to fetch the informa-
tion from the database and then reply back with that information. There exist layers of
integrity, that determine which user is allowed to fetch a specific type of data, as there
are different kinds of users. The end-users are those who use the mobile application.
They have access only to their own uploaded data and shared data from other users that
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allows it. The integrity check is made in every request independent of user. Addition-
ally, for every incoming request a request is made to the Google’s login API to see if the
user has been authenticated with Google. If the user has been authenticated, the user is
allowed to communicate with the server.

6.2 Comparison component

The comparison component consists of a customized version of the Wild ID program
and a Python script in order to send back the analysis in a readable form to the caller. We
considered wrapping the comparison component into a module, so that the modularity
would increase and coupling decrease, making the components more independent and
flexible for replacements. But this would imply more work and maintenance of an
additional service. Therefore, the communication between the comparison component
and the server is done by a Python script.

6.3 Mobile Application

The mobile application’s purpose is to be used by end-users and to be able to commu-
nicate with the server. This application comes with an interactive graphic user interface
with deliberate design that reflects the functionality of the server. The mobile applica-
tion communicates with the server with HTTP requests. The mobile application also
communicates with Google’s login API in order to be authenticated and enable commu-
nication with the server.

6.4 Modularity of the system

While the server, database and comparison component all make up one backend compo-
nent together, we made a conscious effort to try to keep them separate from each other.
Most of our work on the backend was focused on the server and the database, while Wild
ID in the comparison component existed already and only needed some customization
to be able to communicate with our server. If we were to have tightly coupled the func-
tionality of the server, database and comparison algorithm, it would be more difficult to
replace any of the components in future iterations of the system. For instance, it might
be of interest to replace the comparison component with a more finely tuned one in the
future, in which case modularity is of great help. This separation also makes it easier
to directly interact with the database, in case a future system would like to access the
collected data without having to go through the server API.
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7 Requirements and evaluation methods

In order to evaluate our system we primarily focused on the mobile application. The
mobile application itself would be delivered to end-users directly, and would therefore
need to have some measurably good qualities. Additionally, due to the nature of our
project, the mobile application is especially important to implement well, as it will be
important for user retention.

Ickin et al. [28] discuss various factors that have an impact on the quality of experience
of a mobile application. They acquired these factors by surveying a group of end users
of different applications. They found that the factors that have the largest impact in
the quality of experience include the design of the interface and the performance of the
application.

7.1 Usability evaluation

Usability was taken into account throughout the design process of the mobile applica-
tion. However, a structured usability evaluation was only conducted towards the end of
the development process. We found this evaluation to be necessary due to the fact that
we needed some way of seeing how intuitive the design of the application would be to
someone not immersed in the project. As for how usability evaluation was to be con-
ducted, Paz and Pow-Sang [45] discuss different usability methods and their frequency
of use within application development. Of these different usability evaluation methods,
surveys in which users are given a series of question regarding the usability and user
satisfaction of the application have been found to be the most common. We decided to
perform our evaluation using a combination of user testing and surveys, wherein users
were asked to perform a set of specified tasks with the application and then gave con-
crete feedback about their experience with the survey.

7.1.1 Assessment method

The survey used in the evaluation had the users rate their experience using a Likert-
type scale [2]. A Likert-type scale is a common grading system used in surveys that
involves the respondent answering a question on a bipolar scale of Strongly disagree,
Disagree, Undecided, Agree, Strongly agree, or variations thereof. Acquiring such data
in the survey allowed us to set concrete goals beforehand in terms of what responses
were desired. As for how we were to analyze this data, we needed to take into account
the fact that a Likert-type scale is not necessarily linear, due to the subjective nature
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of the responses. A respondent might for example not consider the difference between
Undecided and Agree to be the same as the distance between Agree and Strongly agree.
It is therefore useful to take the median of responses as an indicative value of the general
opinion of the users [8].

7.1.2 Required results

We set a requirement that the median of the responses on all questions relating to if the
user experience was positive on the survey should be between Undecided and Agree, or
higher. The survey given out after user testing can be found in appendix A.

7.2 Performance

Considering the wide variability of mobile devices equipped with the operating systems
our application supports, it would be difficult to assign a specific value for performance
metrics that should be met. We instead decided to measure how the performance of the
application changes on the same device. One metric used for measuring the performance
of an application is the frame rate, i.e. the frequency at which new frames are rendered.
The React Native documentation notes that the framework tries to keep the frame rate
at a steady 60 Hz for an ideal experience, but that this is not always possible [43].

7.2.1 Assessment method

In order to measure the performance of the application, we decided to measure how the
frame rate changed with the amount of catches the user had made. If the application was
poorly implemented, we could assume that the amount of objects the application would
have to render would increase linearly with the amount of catches, even if the objects
are out of frame. This would in turn have a worse and worse effect on the frame rate
of the application due to the increasing load. While we should still be able to expect a
slight difference in performance between a user with no catches at all and a user with
many catches, the frame rate should even out after a certain amount of catches. This
would correlate to the fact that the performance of the application would not get worse
over time.

The performance evaluation was done by measuring the average frame rate acquired
when using the application in developer mode [21] for two specific tasks. First, standing
still at home screen. Secondly, scrolling through the home screen. The tasks were
chosen because of the ease of repeating them, as well as the vital need to evaluate
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the performance of the home screen due to its effect on the overall impression of the
application. The frame rate was represented by two values, JavaScript frame rate and
UI frame rate. The JavaScript frame rate is a measurement of the performance of the
JavaScript thread, which executes the application’s JavaScript code. The UI frame rate
is a measurement of the performance of the main thread, that is responsible for the
rendering process in Android or iOS.

This test was done multiple times with an increasing number of catches in the database.
The rate at which the frame rate decreased in relation to the amount of catches was then
interpolated in order to find a correlation.

7.2.2 Required results

We decided to set certain requirements on the performance assessment with considera-
tion for how the performance would affect the user experience. A lower UI frame rate
would result in the application stuttering visually, while a lower JavaScript frame rate
would result in it potentially feeling unresponsive. As such, we wanted the frame rate
to reach a consistent level.

We set the requirement that the interpolated rate of change should be close to zero.
Due to the potential difference mentioned between a user with no catches and a user
with several catches, we did not include the initial couple of measuring points for this
interpolation. We did, however, set the requirement that the ratio between the frame
rates in the tests with the highest measured amount of catches and a user with the lowest
amount of catches should be above a certain limit. We chose this value to be 0.9. This
ratio was decided by informally testing how different ratios effected the user experience.
This metric was used to ensure that even if the frame rate evened out, the steady-state
frame rate would not be too different from the frame rate at the best-case scenario.

8 Implementing the server

The server acts as a central point that connects every part of our system. When imple-
menting the server, we needed to make sure that it could properly handle any incoming
requests from the application, and that it could interact with both the database and the
comparison component properly. As mentioned in Section 5.1, we used Wild ID for our
comparison component, though this had to be modified somewhat and extended with a
Python script to enable the server to interact with it. As for the database, the structure
we designed for it can be found in Appendix H.
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8.1 Implementing the API

The API is written in Python and utilizes Flask in order to establish endpoints that
can be reached by any arbitrary program. Programs can send requests to the endpoints
either through the IP-address of the hosting computer, or through a URL associated with
it. When designing the API, it was decided that each endpoint should only perform a
specific function for simplicity, in accordance with the REST principles [24, 48]. In
order for the API endpoints to be RESTful, the endpoints needed to have descriptive
names and use appropriate HTTP methods. There are different kinds of HTTP methods.
A method is used to indicate which action should be performed. These methods are also
referred as HTTP verbs [42].

As an example, information about a specific group can be obtained by using the HTTP
method GET at the endpoint groups together with the group id 1, resulting in a re-
quest to /groups/1. It would be misleading if the endpoint would have a name that is
not relevant to the functions it fulfills but performs actions within groups. Following
the principles of REST will be sufficient to develop an accessible API. The full API
documentation can be found in Appendix I.

8.2 Authentication

In order to ensure that users are only able to retrieve information from the server that
pertains to them, we required some way of authenticating users. We first of all needed
users to be able to register themselves in the database. After that, we needed users to be
able to connect their incoming requests to the user objects stored in the database.

We chose to implement third party authentication through Google to avoid the security
measures we would have to consider if we implemented our own system, and to make
registration quicker for users who already have Google accounts. As the user pushes
the login button in the application, they are redirected to a Google login webpage. After
having logged in to Google, an OAuth2 token is sent to the server at the /login endpoint.
Upon receiving this token, the server proceeds to verify it with the help of a Google API.
The response received by the verification process contains limited information about the
user’s Google account. The most important piece of information retrieved is the email
address connected to the account, which we use to identify the user. If no user exists in
the database with the same email address, a new user is created. Every request sent to
the database contains a token, such that the server can verify each request against the
Google API and see which user has made the request. For instance, if a request is made
for a list of catches, the server only retrieves the catches that have been made by the
requesting user based on the submitted token.
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9 Submitting catches

The core functionality of the application was to be the data collection feature. We have
attempted to design this process to be simple for the user, and have also made it possible
to handle a potential loss of internet connectivity during the submission process. The
main screens of the submission process are seen in Appendix F.

9.1 Submission process

The main screen of the application features a user’s catch list. The catch list features
boxes with information about the user’s previous catches. The boxes are displayed in
a React Native section list, which does not render items until the items are actually
scrolled to [22], in order to improve the performance of the UI. From the main screen, a
user is also able to access the camera screen. The camera screen allows the user to take
multiple photographs of a pike they have caught. Once the user proceeds to the catch
submission screen, they are able to see all the pictures they have taken of their catch.
When designing this part of the application, we noted that a user could possibly take
some shaky, unfocused, or otherwise erroneous pictures. We therefore decided to give
them the ability to pick which pictures to submit with the catch. All of the pictures are
marked for submission by default, and by tapping the pictures the user is able to select
which of them should be excluded.

From the submission screen, the user is also prompted to fill in certain parameters re-
garding the catch. There are two parameters available by default, the length of the pike
and the weight of the pike. Of these two, only the length is mandatory, as the procedure
for measuring a pike was found to be simpler than weighing it. Custom parameters
were added to the submission process to enable users to easily add additional infor-
mation about a catch. These can be things such as the weather, water temperature, or
the type of bait used to catch the pike. The different parameters that researchers or
users might be interested in adding to catch data in the future was unknown during the
development of the application. Because of this, we thought that it would be best to im-
plement a general method of adding arbitrary parameters to a catch, rather than to put a
predefined, non-exhaustive list of parameters that would have had to be changed manu-
ally in the future. Catch parameters can be added to the submission screen by retrieving
group parameters, which are discussed in Section 10.1. Aside from catch parameters,
the application also automatically submits the time and location of the catch.

When the user taps a box in their catch list, they are taken to a view with details about
the pike caught in the chosen catch. We designed this screen with the intent of giving
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the user interesting information about their contribution to the data, motivated by the
discussion in Section 4.4. The fish detail screen not only gives the user information
about their own catches, but also of other users’ catches of the same individual fish. The
screen features a list of all the previous catches that have been made of a fish, as well as
visual information relating to these catches, in the form of images taken, a map of how
the fish has travelled, and graphs of how the length and weight has changed over time.

9.1.1 Uploading and analyzing the catch

As the user submits their catch in the application, a request containing the data is sent to
the server. The server creates both a new pike object and a new catch object, and creates
a new image object that saves the submitted image in three different sizes. The three
different sizes are a thumbnail-sized image, a medium-sized image, and an image at the
original size. All of these created objects are then stored in the database.

If the application receives a successful response from the server, it sends a new request
to the analysis endpoint of the server using the ID of the newly created catch object
in the database. When the server receives this request, it uses the pike comparison
component to see if the catch matches any other pike in the database. Our motivation
for handling the upload and analysis of a catch as two separate steps stemmed from the
fact that we wanted to be able to upload a catch without analyzing it. This was because
of the modular nature of the pike comparison component. For the system to have full
and consistent functionality, we would require a pike comparison component that we
could be relatively certain would give good results. Informal tests of the comparison
component during the development of the application made us notice that it was not
suitable as a final version. The component was correctly able to match photographs of
the same patterns when they were taken carefully, such that no background elements
were present in the image. However, when taking pictures with a bit of distance to the
subject, the matching process could often result in false negatives.

9.2 Caching the catches

We understood that there was a need for catches to be stored locally in the application.
This came from the assumption that users would not always have internet access when
using it, as they might be far from land. It was therefore vital for users to be able to
go through the full submission process even without internet access, so that they could
store data and upload it to the server at a later time. We solved this issue by introducing
a local cache to the application. Once a catch is created in the catch submission screen,
it is first saved with a unique identifier in the file system of the device before an upload
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is attempted. If an upload succeeds, a request is sent to the analysis endpoint of the
server, as described in Section 9.1.1, and the locally stored data is removed to free up
unused space. An unsuccessful catch is clearly displayed to the user, and they are able
to do retry submission manually. Resubmitting a catch will use the locally stored data,
such that the user will not be required to reenter any of the information related to the
catch.

10 Group functionality

We desired a feature in the application that would allow users to form groups among
each other. This would serve two main purposes. Part of the desired functionality was
to enable users to group certain catches together. This could be used by researchers to
do more specific studies, wherein they would study data from the catches of a specific
group rather than all of the data available. The group functionality was also intended do
add a social aspect to the application. This was motivated by the discussion in Section
4.4. Work related to our project has found that appealing to users is an important aspect
of crowdsourcing applications. By adding a social component we hoped to add an
appeal to the application that went beyond citizen science.

10.1 Creating and joining groups

From the group list screen, users are able to see which groups they are a member of.
Tapping an item in the list brings them to the detail page for a specific group. The
group list screen also allows users to create and join groups. Any user is allowed to do
either of these actions, and we have not placed any restrictions on how many groups a
user can own or be a part of. To join a group, a user can press a button on the group list
screen and enter the group’s code, which can be found on the group overview screen. By
using group codes as the means of joining a group, we allowed for more easily inviting
multiple users at once, as the codes could be published on an association’s website, or
printed on a notice board.

When creating a group, there are certain values that have to be filled in. A group requires
both a name and a description, and the owner also needs to decide if group members are
required to submit weights alongside their catches for them to be shared with the group.
The user is additionally able to add group parameters when creating their group. The
group parameters are used to allow members to submit more than just the length and
weight of their catches. When a group owner adds a group parameter, they have to enter
its name and select its type, being able to choose between a boolean value, an integer
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and a string. The type is used to determine which values a member is able to submit
for a parameter. The usage of group parameters is discussed further in Section 9.1. The
values and parameters of a group are not permanent, and can be changed by the group
owner at any point.

10.2 Sharing catches with groups

As discussed in Section 9.1, a user selects which groups’ parameters they wish to in-
clude when filling out information for a catch. A catch belongs to any group that its user
belonged to, and whose parameters are all included by the catch. In terms of how much
is shared, we took the ethical concerns discussed in Section 3.3 into account. We did
not want users to be able to see the entire collection of catches that belong to a group,
due to concerns that such easily available information could contribute to overfishing.
We did however still want users to be able to share some amount of information to add
to the social aspect of the groups. Our solution was to provide group members with two
short lists of catches. The first of these lists showed the ten most recent catches in the
group, while the second showed the five largest catches in the past month.

The list of the most recent catches was intended to show a group’s activity. Members of
the group would be able to see that the group was constantly updating, as new catches
would keep appearing on the list. The list of top catches was meant to add a way for
group members to compete among each other. This connects back to our discussion in
Section 2.4, where we present the user retention methods described by Doan, Ramakr-
ishnan and Halevy [16]. Among these methods are both adding competitions and letting
the users see their renown through their contributions in some way. While we do not
explicitly feature competitions in our application, we do enable users to use it for such a
purpose. In addition, we have tried to allow users to seek renown by letting them strive
to attain one of the limited number of top catches shown in a group.

11 Evaluation results

Towards the end of the project, an evaluation of the system was performed. The evalu-
ation focused on the usability and performance of the application. The motivation and
methodology used in the evaluation is described in Section 7. For the usability evalu-
ation, demo version of the application was distributed to four test users alongside the
survey presented in Appendix A. The test users were mainly made up of people with an
interest in fishing northern pike. We found this group to be representative of our target
audience. The results of all questions intended for the evaluation are shown in Appendix
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B, and the full results of the survey can be found in Appendix C.

The performance testing began with ten catches in the database, and was repeated as
catches were added ten at a time until one hundred catches were reached. For each
quantity of catches, two tests were performed. Test one measured the average frame
rates while the application was idle on the home screen, while test two measured the
average frame rates as the user continuously scrolled up and down through the catch list.
The results of these tests are shown in Figure 2. We also examined the ratio between
the average frame rate at the lowest and highest amount of catches. These results are
presented in Appendix D.

12 Results and discussion

In this project we have implemented a mobile application intended for crowdsourced
data collection of northern pike. The catch submission functionality, described in Sec-
tion 9, allows a user to take multiple pictures of a pike, enter its length and any additional
parameters, and send it to the server alongside their current coordinates. Users are able
to look through their previous catches and see where the pikes they have caught have
been caught before. As described in Section 10, users can also create groups, which
are used both for users to share catches with each other and to add additional param-
eters to catch submissions. Authentication in the application is handled with a user’s
Google account, and they are at any point able to delete all personal information stored
by the system. The authentication process is described in Section 8.2. A diagram of
the screens of the application can be seen in Appendix E. The mobile application com-
municates with a server, which connects it to both a database and a pike comparison
component. Communication is handled with a RESTful API, and all incoming requests
are authenticated to ensure that a user is authorized to access the requested information.
We found through informal testing that the comparison component worked sometimes,
but that it could often result in false negatives. The implementation of the server is
discussed in Section 8.

12.1 Discussion

The system we have delivered meets the goals we set up to a satisfactory degree. There
are however certain requirements we set up for the evaluation of the application that
were not fully met, which is discussed in Section 12.1.3. The application includes all the
features we initially set out to implement, and these have full functionality that is backed
by the server. While we initially only intended for users to be able to submit the length
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and weight of their catches, the parameters added by groups allow for more detailed
data, e.g. weather, water temperature, or what kind of lure was used to catch the fish.
This will allow the application to be used as a tool for more detailed studies, wherein
researchers could create groups with specific parameters they are interested in studying.
We have additionally made an attempt at making the application into something that end
users would be interested in using, regardless of the citizen science aspects.

12.1.1 Pike comparison component

The apparent flaws in the current pike comparison component make it so that the appli-
cation in full is unsuitable for widespread distribution at the current state. It is therefore
good that we decided early on to make the comparison component loosely coupled with
the rest of the server, as it allows the system to have a better component easily added in
the future. While the application may not be suitable for distribution with pike matching
functionality, we still believe that it can be useful in its current state. The pike match-
ing component may not be entirely reliable, but collecting images and data for specific
catches is fully functional. We could, at its current state, distribute the application as a
data collection tool. This would still allow the application to collect large amounts of
pike data, which can be analyzed by a more refined pike comparison component at a
later time. Additionally, as we allow users to submit multiple photographs of the same
catch, we would also be collecting data that could be used for training such a compo-
nent. While the incentive that comes from being able to track individual fish would be
lost in this reduced version of the application, we would still provide some incentive
with the group functionality.

12.1.2 Ethical concerns

With regards to the ethical concerns presented in Section 3.3, we have made an effort
to take them into consideration during the development of the system. We enable users
to easily find information about how their data is used, and also allow them to easily
remove their personal information from the database. We think that we have handled
the issue of potentially sharing too much information about pike locations in a good
way. By only allowing users to access pikes they themselves have caught and a limited
amount of catches from groups they are a part of, we prevent them from using the system
for finding out where the largest concentrations of pike can be found. One potential con-
cern that has been raised is that some users could create groups with the explicit intent
of being able to share pike locations more easily and potentially contribute to overfish-
ing. However, as we limit the amount of catches shown in a group to normal users
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to a rather small number, the effect of this will be negligible. Any potential concern
that might remain with regards to contributing to overfishing despite the restrictions is
outweighed by the potential contribution to research and sustainability that this system
would provide.

12.1.3 Interpreting the evaluation results

In Section 7, we set the requirement that every question on the usability evaluation
survey should have resulted in a median between Undecided and Agree or higher. This
requirement was fulfilled by nine of the twelve questions, while the three remaining
answers resulted in Undecided. We found this to be unsatisfactory, and have attempted
to analyze where these results could stem from. As the survey contained fields for
comments, we received some feedback from the test users as to what problems were
had with the first two questions. These comments can be found with the results in
Appendix C The last question that did not meet our requirements is discussed further in
Section 12.1.4.

With regards to the performance demands, we found them to be mostly satisfactory. The
average frame rates of the user interface met the requirement that they should remain
stable as the amount of catches in the database increased. The UI frame rates also met
the desired minimum ratio between the highest and the lowest load. The behavior of the
JavaScript frame rates stood out in our results. It seemed that it decreased as the amount
of catches increased, with a less consistent decrease occurring when scrolling through
the list. The difference in behavior between the two frame rate types can be explained
by the amount of work required by the main thread and the JavaScript thread. The
main thread of the application always has to render a similar amount of objects, while
the amount of data that the JavaScript thread has to handle increases as the amount of
catches increases. A potential solution to this problem would be to dynamically load
and unload the data required for the catch list. If only a limited amount of catches were
stored in the application at the same time, with additional catches being fetched from
the server as the user scrolled down their list, this would reduce the amount of data that
the JavaScript thread would have to deal with.

12.1.4 Evaluation methods

The evaluation methods we used were relevant to our goals, but we found that there were
improvements that could have been made. For the user evaluation we had contacted
several test users that had shown an interest in participating, but we were only able
to acquire four respondents. We could presumably have gained more insight into the
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usability with more test users. More care could have been placed in the wording of
the survey used for the usability evaluation. In particular, the question The process of
finding one’s profile was comprehensible was found to be misleading to test users. While
we had referred to the screen in question as the profile within the development team
throughout the project, it would have been more accurate to refer to it as the settings
screen. It would have been worthwhile to go through the survey questions with a third
party before conducting the evaluation in order to ensure that they were understandable
to someone outside the development team.

With regards to the performance evaluation, the use cases we used were easily repro-
ducible, but were however not representative of how an end user would be using the
application, as they would be navigating between different parts of it. We could have
measured the performance of more complex use cases of the application. A possible
alternative for performance evaluation would have been to combine it with the usabil-
ity evaluation, to see how the average frame rate changed over time as test users went
through the application. This would however have added additional complexity due to
the need for instructing test users how to monitor their performance and how to submit
their collected data to us.

13 Conclusions

The project resulted in a functional application and a backend consisting of a server, a
database and a pike comparison component. The goal of the system was to enable users
to contribute data on northern pike, which was achieved. The comparison component
was found to be fairly inaccurate, as the background of images seemed to have a large
impact on the results. In spite of this inaccuracy, the current version of the application
could be distributed. This would however first require either detaching the comparison
component, or informing users of the potential inaccuracies. With these steps taken, the
application is fully usable as a data collection and catch sharing system.

This application could stand to benefit research where northern pike is involved, which
could in turn aid in the preservation of ecosystems in the Baltic sea. It would enable
citizen scientists to easily contribute research data, saving both time and resources. A
challenge we encountered was to make the application appealing to use for a user in
order to make the user contribute data. This was solved by offering additional func-
tionality. The user can register and manage their own catches. The user can take part
of informative data of other catches. Additionally, the application makes it possible to
share catches between users, by allowing the users to create groups with various pur-
poses. The application thereby serves a wider use than just contributing data to research.
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14 Future work

There are different parts of our system that could be developed or explored further.
While we considered the system to be ready for deployment, there are parts that could
be expanded upon, and certain aspects that we recommend should be prioritized.

14.1 Amending flaws from evaluation

While the evaluation results of the project were largely satisfactory, there were parts of
them that did not meet our specified requirements. In future development of the system,
this should be highly prioritized. The issues brought up regarding insufficient informa-
tion in certain parts of the application should be solved based on comments from the
evaluation. The issues noted with the JavaScript frame rate could potentially be solved
with the method discussed in Section 12.1.3, wherein catches from the server would be
loaded dynamically rather than all at once. Once these issues have been amended, the
evaluation should immediately be repeated to ensure that the requirements are met.

14.2 Refining the comparison component

Another priority in any future development of the system should lie on refining the
pike comparison component. While we found the current component to be competent
with carefully taken pictures, informal testing found it to be lacking in a lot of cases.
A non-negligible part of the intended value of the application was the ability to track
individual pikes over time, which would require a comparison component. The com-
ponent would also enable researchers to work properly with the collected data, as they
could investigate individuals with the help of different capture-recapture methods. A
comparison component implemented in the future should also reasonably feature some
filtering functionality, such that only northern pike can be uploaded. For a more accurate
analysis, the comparison component should additionally crop out the background of an
image before comparing it with other images, so as to avoid the background effecting
the analysis.

14.3 Extending authentication options

One valuable piece of information we received during the usability evaluation of the
application was the desire for more authentication options. The system only featured
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authentication through Google accounts, which we should not expect all users to have.
As the authentication process should go smoothly, future development on this project
should consider implementing more possibilities. We recommend that users should be
able to authenticate with their Facebook or Twitter accounts, but other options could
possibly be added as well. The login of our current system is handled on the client side,
but we think that it should be handled solely by the API. If a user wants to start using
the API without an interface, the responsibility to login lies on the user. The user needs
to fetch a valid OAuth2 token from Google’s API, making the authentication process
tedious. Instead the user should use a login endpoint from the API that would send
back an URL to Google’s login page, whereupon the OAuth2 token would be saved as
a cookie. Saving the token as a cookie would remove the need to send the token with
every request, as the cookie is sent to the server automatically.

14.4 Web interface

In order for researchers to work with the collected data more effectively, it would be
beneficial to develop a web interface. The web interface would be more practical to
work with than a mobile phone, and special admin privileges could be added to enable
researchers to access all data rather than just catches shared with them through groups.
The web interface would be able to communicate with the server without any larger
alterations to it, as the API has been designed with the intent of allowing any arbitrary
application to communicate with it.

14.5 User retention evaluation

An important aspect of our application that we omitted from the evaluation process was
user retention. This is an important part of any crowdsourcing application, as there
is a desire for users to continue contributing data to the system. Several parts of the
application were designed with user retention in mind, and yet without proper evaluation
it is impossible to know if these design choices were effective. Future work on this
system should investigate how individual users engage with the application over time,
and should attempt to promote user retention further if the current incentives are found
to be insufficient.
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Pic a Pike, applikations utvärdering

Uppgifter

Svara baserat på din upplevelse

1. Lyckades du logga in på applikationen?
Markera endast en oval.

 Ja

 Nej

 Om nej, varför?___________________________________________________

2. Lyckades du navigera till kameran?
Markera endast en oval.

 Ja

 Nej

 Om nej, varför?___________________________________________________

3. Lyckades du ta en bild?
Markera endast en oval.

 Ja

 Nej

 Om nej, varför?___________________________________________________

4. Lyckades du fylla i värden för bilden?
Markera endast en oval.

 Ja

 Nej

 Om nej, varför?___________________________________________________

5. Förstod när fisken blev uppladdad?
Markera endast en oval.

 Ja

 Nej

 Om nej, varför?___________________________________________________

A Evaluation survey

A Evaluation survey
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6. Hittade du den detaljerade sidan om en fisk?
Markera endast en oval.

 Ja

 Nej

 Om nej, varför?___________________________________________________

7. Lyckades du skapa en grupp?
Markera endast en oval.

 Ja

 Nej

 Om nej, varför?___________________________________________________

8. Lyckades du gå med i en grupp?
Markera endast en oval.

 Ja

 Nej

 Om nej, varför?___________________________________________________

9. Lyckades du hitta din profil?
Markera endast en oval.

 Ja

 Nej

 Om nej, varför?___________________________________________________

10. Lyckades du logga ut från applikationen?
Markera endast en oval.

 Ja

 Nej

 Om nej, varför?___________________________________________________

11. Lyckades du logga ut från applikationen?
Markera endast en oval.

 Ja

 Nej

 Om nej, varför?___________________________________________________

Namnlös rubrik
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Utvärdering av uppgifter

Frågorna svaras på en skala från 1 till 5. 1 stämmer inte alls, 2 stämmer ej,  3 obestämd, 4 
stämmer och 5 stämmer helt

12. Processen att logga in var begriplig
Markera endast en oval.

1 2 3 4 5

stämmer inte alls stämmer helt

13. Motivering (Frivilligt)
 

 

 

 

 

14. Hemskärmen innehöll tillräckligt med information om mina fångster
Markera endast en oval.

1 2 3 4 5

stämmer inte alls stämmer helt

15. Motivering (Frivilligt)
 

 

 

 

 

16. Den detaljerade sidan av en fisk innehöll tillräckligt med information
Markera endast en oval.

1 2 3 4 5

stämmer inte alls stämmer helt
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17. Motivering (Frivilligt)
 

 

 

 

 

18. Processen att lägga till en fisk var begriplig
Markera endast en oval.

1 2 3 4 5

stämmer inte alls stämmer helt

19. Motivering (Frivilligt)
 

 

 

 

 

20. Processen att skapa en grupp för begriplig
Markera endast en oval.

1 2 3 4 5

stämmer inte alls stämmer helt

21. Motivering (Frivilligt)
 

 

 

 

 

22. Processen att gå med i en grupp var begriplig
Markera endast en oval.

1 2 3 4 5

stämmer inte alls stämmer helt
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23. Motivering (Frivilligt)
 

 

 

 

 

24. Informationen om en grupp var tillräcklig
Markera endast en oval.

1 2 3 4 5

stämmer inte alls stämmer helt

25. Motivering (Frivilligt)
 

 

 

 

 

26. Processen att hitta sin profil var begriplig
Markera endast en oval.

1 2 3 4 5

stämmer inte alls stämmer helt

27. Motivering (Frivilligt)
 

 

 

 

 

28. Processen att logga ut var begriplig
Markera endast en oval.

1 2 3 4 5

stämmer inte alls stämmer helt
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29. Motivering (Frivilligt)
 

 

 

 

 

Utvärdering av design

Frågorna svaras på en skala från 1 till 5. 1 stämmer inte alls, 2 stämmer ej,  3 obestämd, 4 
stämmer och 5 stämmer helt

30. Jag kunde navigera i applikationen
Markera endast en oval.

1 2 3 4 5

stämmer inte alls stämmer helt

31. Motivering (Frivilligt)
 

 

 

 

 

32. Ikoner beskrev händelsen de motsvarade
Markera endast en oval.

1 2 3 4 5

stämmer inte alls stämmer helt

33. Motivering (Frivilligt)
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Tillhandahålls av

34. Designen bidrog till en njutbar upplevelse
Markera endast en oval.

1 2 3 4 5

stämmer inte alls stämmer helt

35. Motivering (Frivilligt)
 

 

 

 

 

36. Applikationens flöde kändes inte trögt
Markera endast en oval.

1 2 3 4 5

stämmer inte alls stämmer helt

37. Motivering (Frivilligt)
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B Evaluation survey summary

Question Answers Median response
The login process was comprehensible 4 Agree/Strongly agree
The home screen contained enough information
about my catches

4 Undecided

The fish detail screen contained enough infor-
mation

4 Agree

The fish submission process was comprehensi-
ble

4 Agree

The group creation process was comprehensible 4 Strongly agree
The group joining process was comprehensible 4 Agree
The information about a group was sufficient 4 Undecided
The process of finding one’s profile was com-
prehensible

4 Undecided

The logout process was comprehensible 4 Strongly agree
I was able to navigate through the application 4 Agree
Icons described the actions they represented 4 Agree/Strongly agree
The design contributed to an enjoyable experi-
ence

4 Agree

Table 1 Summary of survey results.
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D Performance evaluation results

Figure 2 Average frame rates compared to amount of catches.

Value Frame rate at lowest load Frame rate at highest load Ratio
UI Test one 60 60 1.00
JS Test one 60 57 0.95
UI Test two 60 59 0.98
JS Test two 40 35 0.88

Table 2 Ratios between frame rates at the highest and lowest loads.
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E Application navigation overview

F Submission process screens

G Group screens

H Database diagram
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REST API Documentation 
 
/catches 
 

- POST 
 
Request 

{ 

   "images_base64": ["VALID BASE64 STRINGS THAT REPRESENTS A 
                     PICTURE"], 
   "length": 900, 
   "weight" (OPTIONAL): 300, 
   "longitude": 1.4345345, 
   "latitude": 1.56456, 
   "date_time": "2019-04-11 09:34:08.426468", 
   "anonymous" (OPTIONAL): true, 
   "metadata" (OPTIONAL): { 
       "ANYTHING": 23 
   }, 

   "parameters": [ 
                    { 

                       "name": "weather",  
                       "type": "string", 
                       "value": "sunny" 
                    }, 

                    { 

                       "name": "degrees",  
                       "type": "int",  
                       "value": 20 
                    }, 

                    { 

                       "name": "marked",  
                       "type": "bool",  
                       "value": true 
                    } 

   ] 

 

} 

 
Response 
Status Code: 201 

{ 

     "pike_id": "cf3696ec-6c6f-4773-8e75-a445397634b6", 
     "catch_id": "b0ec239c-80ce-49ae-9dc8-970b5339ad4a" 
} 

 

1 



- GET 
 

Response 
Status Code: 200 

{ 

   "catches": [ 
       { 

           "catch_id": "90eaf221-fd35-4fd2-94fa-83e6e964e1b3", 
           "image_name": "82f0e7f9-d4b1-481b-95a9-26ae47f35858.jpg", 
           "length": 11, 
           "weight": 42, 
           "latitude": 54.23422, 
           "longitude": 17.56353, 
           "date_time": "2014-12-22T03:12:58.019077+00:00", 
           "date_time_uploaded": "2019-04-11 10:31:25.104386", 
           "location_name": "City, Country", 
           "address_location_name": "Street name, City, Country", 
           "pike_id": "8a0a2581-cab2-4bbb-8785-be825ad3284b", 
           "user_id": "fd2b5ba9-d997-4def-9ff8-5275af9dd7df", 
           "metadata": { 
               "ANYTHING": 23 
           }, 

           "parameters": [ 
                    { 

                       "name": "weather",  
                       "type": "string", 
                       "value": "sunny" 
                    }, 

                    { 

                       "name": "degrees",  
                       "type": "int",  
                       "value": 20 
                    }, 

                    { 

                       "name": "marked",  
                       "type": "bool",  
                       "value": true 
                    } 

            ] 

       } 

   ] 

} 

 
/catches/user_catches 
 

- GET 
Response 
Status Code: 200 
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{ 

   "catches": [ 
       { 

           "catch_id": "90eaf221-fd35-4fd2-94fa-83e6e964e1b3", 
           "image_name": "82f0e7f9-d4b1-481b-95a9-26ae47f35858.jpg", 
           "length": 11, 
           "weight": 42, 
           "latitude": 54.23422, 
           "longitude": 17.56353, 
           "date_time": "2014-12-22T03:12:58.019077+00:00", 
           "date_time_uploaded": "2019-04-11 10:31:25.104386", 
           "location_name": "City, Country", 
           "address_location_name": "Street name, City, Country", 
           "pike_id": "8a0a2581-cab2-4bbb-8785-be825ad3284b", 
           "user_id": "fd2b5ba9-d997-4def-9ff8-5275af9dd7df", 
           "metadata": { 
               "ANYTHING": 23 
           }, 

           "parameters": [ 
                    { 

                       "name": "weather",  
                       "type": "string", 
                       "value": "sunny" 
                    }, 

                    { 

                       "name": "degrees",  
                       "type": "int",  
                       "value": 20 
                    }, 

                    { 

                       "name": "marked",  
                       "type": "bool",  
                       "value": true 
                    } 

            ] 

       } 

   ] 

} 

 
/catches/<catch_id> 
 

- PUT 
 
Request: (All parameters are optional) 

{ 

   "image_base64": "A VALID BASE64 STRING THAT REPRESENTS A PICTURE", 
   "length": 900, 
   "weight": 300, 
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   "longitude": 1.4345345, 
   "latitude": 1.56456, 
   "date_time": "2019-04-11 09:34:08.426468", 
   "anonymous": true / false 
} 

 
- DELETE 

 
/catches/<catch_id>/analyze 
 

- POST 
 
Response 
Status Code: 201 or 200 

{ 

     "pike_id": "cf3696ec-6c6f-4773-8e75-a445397634b6", 
     "catch_id": "b0ec239c-80ce-49ae-9dc8-970b5339ad4a" 
} 

 
/catches/<catch_id>/image 
 

- GET 
 
Queries: 
 

Name  Description  Required  Possible 
Values 

Default value 

image_type  The size of 
the image to 
be fetched 

No  1 (ICON_SIZE) 
2 (MID SIZE) 
3 (ORIGINAL 
SIZE) 

2 

 
Example: 
/catches/<catch_id>/image?image_type=1 

 
/catches/<catch_id>/parameters/<name_of_parameter> 

 
- PUT 

 
Queries: 

Name  Description  Required  Possible 
Values 

Default value 
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value  The value to 
be changed 
to on the 
targeted 
parameter 

Yes  Any value is 
accepted 

None 

 
Example:  
/catches/<catch_id>/parameters/<name_of_parameter>?value=”my_value” 

 
- DELETE 

 
/pikes/<pike_id> 

 
- GET 

 
Response 
Status Code: 200 

{ 

   "pike_id": "d40e50b0-85d6-42ee-a430-61a64240d26c", 
   "catches": [ 
       { 

           "catch_id": "90eaf221-fd35-4fd2-94fa-83e6e964e1b3", 
           "image_name": "82f0e7f9-d4b1-481b-95a9-26ae47f35858.jpg", 
           "length": 11, 
           "weight": 42, 
           "latitude": 54.23422, 
           "longitude": 17.56353, 
           "date_time": "2014-12-22T03:12:58.019077+00:00", 
           "date_time_uploaded": "2019-04-11 10:31:25.104386", 
           "location_name": "City, Country", 
           "address_location_name": "Street name, City, Country", 
           "pike_id": "8a0a2581-cab2-4bbb-8785-be825ad3284b", 
           "user_id": "fd2b5ba9-d997-4def-9ff8-5275af9dd7df", 
           "metadata": { 
               "ANYTHING": 23 
           }, 

           "parameters": [ 
                    { 

                       "name": "weather",  
                       "type": "string", 
                       "value": "sunny" 
                    }, 

                    { 

                       "name": "degrees",  
                       "type": "int",  
                       "value": 20 
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                    }, 

                    { 

                       "name": "marked",  
                       "type": "bool",  
                       "value": true 
                    } 

            ] 

       } 

   ] 

} 

 
- DELETE 

 
/user 
 

- DELETE 
 
/user/settings 
 

- PUT 
 

Request 

{ 

   "anonymous": true / false 
} 

 
/groups 
 

- POST 
 
Request 

{ 

  "name": "Jannes fiskeklubb", 
  "description": "Goa gubbar som gillar att fiska", 
  "parameters": { 
               "parameter_name": { 
                   "type": "int", 
                   "name": "parameters_name", 
                   "required": true 
  } 

} 

 
Response 

            Status Code: 201 
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{ 

   "group_id": "751eb6e9-51b3-4470-b05f-554e40b7910b", 
   "join_code": "I14X-S6N7" 
} 

 
- GET 

 
Response 
Status Code: 200 

{ 

   "groups": [ 
       { 

           "group_id": "751eb6e9-51b3-4470-b05f-554e40b7910b", 
           "join_code": "I14X-S6N7", 
           "name": "Jannes fiskeklubb", 
           "description": "Goa gubbar som gillar att fiska", 
           "date_time_founded": "2019-04-16 17:47:50.587276", 
           "owner_id": "f80fcad8-f771-4a83-8b42-03248ca59478", 
           "parameters": { 
               "parameter_name": { 
                   "type": "int", 
                   "name": "parameters_name", 
                   "required": true 
               } 

           } 

       } 

   ] 

} 

 
/groups/<group_id> 
 

- GET 
 
Response 
Status Code: 200 

{ 

   "group": { 
       "group_id": "751eb6e9-51b3-4470-b05f-554e40b7910b", 
       "join_code": "I14X-S6N7", 
       "name": "Jannes fiskeklubb", 
       "description": "Goa gubbar som gillar att fiska", 
       "date_time_founded": "2019-04-16 17:47:50.587276", 
       "owner_id": "f80fcad8-f771-4a83-8b42-03248ca59478", 
       "parameters": { 
               "parameter_name": { 
                   "type": "int", 
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                   "name": "parameters_name", 
                   "required": true 
               } 

        }, 

   "members": [ 
       { 

           "uuid": "f80fcad8-f771-4a83-8b42-03248ca59478", 
           "email": "test@test.com" 
       } 

   ] 

} 

 
- PUT 

 
Request 

{ 

  "name":"Jannes fiskegäng", 
  "description":"Goa gubbar som älskar att fiska", 
  "parameters": { 
                "parameter_name": { 
                   "type": "string", 
                   "name": "parameters_name", 
                   "required": true 
                } 

   } 

} 

 
- DELETE 

 
/groups/<group_id>/catches 
 

- POST 
 

Request 

{ 

  "start_date" (OPTIONAL) :"2014-04-17T09:03:09.126Z", 
  "end_date" (OPTIONAL) :"2017-04-10T09:01:17.765Z", 
  "amount" (OPTIONAL): 2, 
  "parameter" (OPTIONAL): "weight", 
  "ascending" (OPTIONAL): false 
} 

 
Response 
Status Code: 200 
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{ 

   "total_catches": 4, 
   "catches_in_period": 3, 
   "catches": [ 
       { 

           "catch_id": "90eaf221-fd35-4fd2-94fa-83e6e964e1b3", 
           "image_name": "82f0e7f9-d4b1-481b-95a9-26ae47f35858.jpg", 
           "length": 11, 
           "weight": 42, 
           "latitude": 54.23422, 
           "longitude": 17.56353, 
           "date_time": "2014-12-22T03:12:58.019077+00:00", 
           "date_time_uploaded": "2019-04-11 10:31:25.104386", 
           "location_name": "City, Country", 
           "address_location_name": "Street name, City, Country", 
           "pike_id": "8a0a2581-cab2-4bbb-8785-be825ad3284b", 
           "user_id": "fd2b5ba9-d997-4def-9ff8-5275af9dd7df", 
           "metadata": { 
               "ANYTHING": 23 
           }, 

           "parameters": [ 
                    { 

                       "name": "weather",  
                       "type": "string", 
                       "value": "sunny" 
                    }, 

                    { 

                       "name": "degrees",  
                       "type": "int",  
                       "value": 20 
                    }, 

                    { 

                       "name": "marked",  
                       "type": "bool",  
                       "value": true 
                    } 

            ] 

       }, 

       { 

           "catch_id": "90eaf221-fd35-4fd2-94fa-83e6e964e1b3", 
           "image_name": "82f0e7f9-d4b1-481b-95a9-26ae47f35858.jpg", 
           "length": 11, 
           "weight": 42, 
           "latitude": 54.23422, 
           "longitude": 17.56353, 
           "date_time": "2014-12-22T03:12:58.019077+00:00", 
           "date_time_uploaded": "2019-04-11 10:31:25.104386", 
           "location_name": "City, Country", 
           "address_location_name": "Street name, City, Country", 
           "pike_id": "8a0a2581-cab2-4bbb-8785-be825ad3284b", 
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           "user_id": "fd2b5ba9-d997-4def-9ff8-5275af9dd7df", 
           "metadata": { 
               "ANYTHING": 23 
           }, 

           "parameters": [ 
                    { 

                       "name": "weather",  
                       "type": "string", 
                       "value": "sunny" 
                    }, 

                    { 

                       "name": "degrees",  
                       "type": "int",  
                       "value": 20 
                    }, 

                    { 

                       "name": "marked",  
                       "type": "bool",  
                       "value": true 
                    } 

            ] 

       } 

   ] 

} 

 
/groups/join 

 
- POST 

 
Request 
Status Code: 200 

{ 

     "join_code": "I14X-S6N7" 
} 

 
/groups/<group_id>/leave 
 

- POST 
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Figure 3 A diagram of the navigation between different parts of the application.
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Figure 4 The fish submission screen and the home screen, which features the catch list.
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Figure 5 The group creation and group overview screens.

87



I API Documentation

88


	Introduction
	Background
	Methods for tracking wildlife
	Photographic mark-recapture
	Computer vision
	Citizen science and crowdsourcing

	Purpose, aims, and motivation
	The application
	Motivation
	Ethical concerns
	Delimitations

	Related work
	CrowdHydrology
	WildBook
	DORIS and Magpie Mapper
	Lessons learned from related work

	Method
	Pike identification
	Cross-platform mobile application development
	Backend development

	System structure
	Server and database
	Comparison component
	Mobile Application
	Modularity of the system

	Requirements and evaluation methods
	Usability evaluation
	Assessment method
	Required results

	Performance
	Assessment method
	Required results


	Implementing the server
	Implementing the API
	Authentication

	Submitting catches
	Submission process
	Uploading and analyzing the catch

	Caching the catches

	Group functionality
	Creating and joining groups
	Sharing catches with groups

	Evaluation results
	Results and discussion
	Discussion
	Pike comparison component
	Ethical concerns
	Interpreting the evaluation results
	Evaluation methods


	Conclusions
	Future work
	Amending flaws from evaluation
	Refining the comparison component
	Extending authentication options
	Web interface
	User retention evaluation

	Evaluation survey
	Evaluation survey summary
	Evaluation survey results
	Performance evaluation results
	Application navigation overview
	Submission process screens
	Group screens
	Database diagram
	API Documentation

