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Abstract

Currently, the world is facing an internationally-recognized biodiversity crisis. This crisis can
be averted by promoting efforts to halt biodiversity loss and increase knowledge-based
management. To achieve these goals, global cooperation and local action are needed.
Interactive biodiversity databases can help this cause. Therefore, this research examines the
implications of interface design for biodiversity databases in foregrounding different types of
knowledge and engaging users. The case study focuses on the Global Flyway Network and
Movebank, two organizations dedicated to halting biodiversity loss and advancing ecological
research efforts by facilitating the public with an interactive animal movement tracking map.
Analysis reveals that while both interfaces focus on taxonomic data, a more holistic
understanding of ecosystem functioning can also be obtained by addressing multispecies data.
Additionally, the importance of creating inclusive and well-designed biodiversity interfaces is

underlined.
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Introduction

Biodiversity is one of the most important building blocks of a strong and healthy ecosystem.
Since human and planetary health also highly correlate to ecosystem health, it is vital for
humans to protect biodiversity (Biodiversity, n.d.; Russell, 2019). However, the world is
currently facing a biodiversity crisis, possibly even the sixth mass extinction (Ceballos et al.,
2015). The importance of biodiversity is internationally recognized and included in the
Sustainable Development Goals (SDGs), specifically in SDG target 15.5, which states “to halt
the loss of biodiversity” (Goal 15 | Department of Economic and Social Affairs, n.d.).
Additionally, the Aichi Biodiversity Targets advocate for, among other goals, a halt of
biodiversity loss and increased knowledge-based management (Secretariat of the Convention
on Biological Diversity, 2020). Lastly, the Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services (IPBES) assesses the state of global biodiversity and
publishes reports for policy-making regarding halting biodiversity loss (About | IPBES
Secretariat, n.d.).

Both global cooperation and local action are needed to achieve these goals, and
interactive biodiversity data interfaces can contribute to this. An interface can be defined as an
organized space between a system and an agent, such as a website (Cramer & Fuller, 2008). It
could be beneficial for such biodiversity data interfaces to be open and accessible for both
researchers and the public. This is to ensure that as many members of society as possible are
involved, interested and educated in the conservation of biodiversity (Canhos et al., 2015;
Leonelli, 2022). However, the literature also states to be cautious in opening databases for the
wide public; the reasoning behind this statement will be touched upon in the following sections
(Leonelli, 2022). Next to this, not only the predominantly used taxonomic biodiversity data is

needed, but also knowledge about interspecies relations is necessary to obtain a better



understanding of how biodiversity should be conserved in order to foster healthy ecosystems
and counter the biodiversity crisis (Konig et al., 2019).

How biodiversity databases and their respective interfaces are designed has a big
influence on the type of knowledge created and the different users that will engage with the
data (Turnhout & Boonman-Berson, 2011). Therefore, the following research question will be
answered in this research project: “What are the implications of interface design of biodiversity
databases for foregrounding different kinds of knowledge and for engagement of different kinds
of users?” This will be done by performing a case study of the Global Flyway Network and
Movebank through structural analysis of their respective interfaces.

Firstly, the Global Flyway Network (GFN) is a community of researchers working on
the understanding and conservation of long-distance migratory shorebirds (About, n.d.). The
GFN’s website is currently aimed at providing information for other researchers, but it is not as
easily understandable to the general public. Recently, the GFN stated they wish to update their
website in order to make certain improvements. These improvements would include, among
others, attracting a more diverse group of users, introducing a field app, and shifting the focus
from data mainly recognizing species to data describing interspecies relations and natural
processes.

Secondly, Movebank is a global, open-access online database for animal tracking data
coordinated by the Max Planck Institute of Animal Behavior (Movebank, n.d.-a). Their aim is
in many ways similar to the GFN: tracking animals and using this knowledge to understand
animal movement as well as promoting conservation. However, their website has a different
focal point, as they focus on all types of animals, whereas the GFN only looks at long-distance
migratory shorebirds.

The current paper will first introduce literature surrounding the implications of

foregrounding different kinds of knowledge and engaging different kinds of users. Additionally,



literature concerning interface design will be reviewed. Then, the walkthrough method, as
presented by Light et al. (2016), will be thoroughly discussed as it is the basis for the execution
of the website analyses. Next, the results from the analyses of both the GFN and Movebank
interfaces will be presented and examined. Additionally, the two websites will be compared
shortly to discuss the analyses’ main points. Lastly, a concluding section will concretely answer

the research question.

Literature Review

Implications of Foregrounding Different Kinds of Knowledge

There are different ways in which knowledge about biodiversity can be sorted and published.
One is through systematics, which consists of three components: taxonomy, phylogenetics, and
classification (Keogh, 1995). Taxonomy is the science of documenting biodiversity through
collecting, discovering, and describing different species. Phylogenetics is the study of
relationships between species determined by evolution. Classification combines the first two
components resulting in the grouping of species based on taxonomic data and evolutionary
characteristics (Keogh, 1995). Systematics can be useful in understanding the extent of the
biodiversity crisis as it delivers insights into species population sizes as well as information
about the increase and decrease of different species groups (Keogh, 1995; Lagomarsino &
Frost, 2020). Additionally, in the current age of accumulating data on biodiversity, systematics
can help bring order to this abundance of data (Konig et al., 2019). Furthermore, conservation,
policy-making and evaluating the effectiveness of policies can benefit from systematics as it
can help understand global biodiversity patterns (Lagomarsino & Frost, 2020). However,
systematics as a single discipline cannot paint the whole picture of biodiversity, partly due to
gaps in the data available. Additionally, within taxonomic data, there is also a bias present

(Troudet et al., 2017). This bias entails that certain species are overrepresented in research while



others are underrepresented. Consequently, certain species, especially those that are favoured

by society, receive extra funding (Troudet et al., 2017).

It can be beneficial to increase the number of data publications to fill the gaps in the
currently available data on biodiversity (Costello et al., 2015). This would mean publishing data
(sets) and making it freely available for all possible users in order to promote communication
and collaboration between different institutions and organizations concerned with biodiversity
(Costello et al., 2015). However, despite the numerous advantages of open data, it should still
be approached with a certain extent of caution (Janssen et al., 2012; see also Appendix A).
Reasons for this are, for example, discussed by Leonelli (2022). She argues that open science
does not leave room for sufficient epistemic diversity. This is partly because in order to make
different datasets compatible, they all have to assume the same format. This means a certain
amount of diversity in research practices gets lost (Turnhout & Boonman-Berson, 2011).
Leonelli, therefore, encourages debates around epistemic practices in open science about, for
example, scaling and categorization of the data and openness to innovation in practices
(Leonelli, 2022). There are additional concerns specifically for openly publishing data related
to biodiversity. A main concern is that publishing, especially georeferenced, biodiversity data
might disturb species, which can have destructive consequences, particularly for threatened

species (Ganzevoort et al., 2017; Tulloch et al., 2018).

Additionally, data gaps can be filled by collecting data on biodiversity with different
foci. Practically, these could include a focus on, for instance, traits or characteristics of species,
interactions between species, or ecosystem functioning (Geijzendorffer et al., 2016). Efforts to
understand multispecies or interspecies data can be beneficial to understanding biodiversity in
a broader sense, resulting in more effective input for conservation efforts (Root et al., 2003).
Multispecies and interspecies are foci referring to data focused on the coexistence of different

species. Multispecies data refers specifically to the coexistence of species within a particular



environment, such as an ecosystem, whereas interspecies data focuses on the nature of relations
between different species, for instance, parasitism or mutualism (Alatalo, 1981; Root et al.,
2003). Realising such a shift in focus gives a more holistic and comprehensive overview of
biodiversity. Next to that, it provides useful insights for policy-makers and conservationists

(Geijzendorffer et al., 2016).

Lastly, the type of knowledge that is available strongly influences the type of questions
that are asked (Beaulieu & Leonelli, 2021). For instance, if an interface only publishes
systematic data, they might only inspire researchers to continue adding additional species,
potentially exacerbating the already existing taxonomic bias. Similarly, a shift in focus of data

type might result in trying to get a more holistic understanding of ecosystem functioning.

Implications of Engaging Different Kinds of Users

Citizen science can be an effective way of gathering more data on biodiversity (Ganzevoort et
al., 2017; Wilson et al., 2020). It can therefore be beneficial to conservation efforts.
Additionally, participation in citizen science projects regarding biodiversity can lead to an
increased sense of connection with nature, improved skills in scientific conduct, increased
interest in the environment and science, and heightened awareness of the biodiversity crisis in

participants (Ekstrom, 2021; Ganzevoort et al., 2017).

Citizen science is a broad concept and can be divided into different levels. Haklay (2013)
developed a framework consisting of four levels (see Appendix B for an illustration of the
framework). Firstly, ‘crowdsourcing’, where citizens act as sensors and “cognitive engagement
is minimal” (Haklay, 2013, p. 116). The second level is called ‘distributed intelligence’, where
participants are basic interpreters of data and there is, to a certain extent, a communication flow
from the participant to the researcher. The next level is ‘participatory science’, which entails

that experts consult citizens for problem definition and data collection. The fourth level is
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‘extreme citizen science’, where citizens can be completely integrated into the research. They
can choose their level of engagement but can potentially be involved in any step of the research.
An alternative framework regarding citizen science levels was developed by Arnstein (1969),
comprising of eight levels with three overarching categories (see Appendix B for an illustration
of the framework). First, she identified the category of ‘nonparticipation’, where citizens are
not genuinely involved in the research but are rather objects for the researcher to “‘educate’ or
‘cure’” (Arnstein, 1969, p. 217). The second overarching category is ‘tokenism’, where citizens
are involved but have no decision-making power or substantial insurance that their input will
be used. ‘Citizen power’ is the last category, in which the extent of citizen participation ranges

from partnerships with the expert to research where citizens have full control.

The degree to which an interface allows for citizen science determines what the organization
will gain from involving citizens. When an organization allows citizens to be highly involved,
there is potentially a continuous feedback process where the organization can learn from the
participants’ experiences with the interface. Whereas, when an organization only allows
citizens to be sensors, there will not be a two-way conversation between the parties. This
example suggests that the most important aspect is the degree to which communication between

the organization and the participants as facilitated by the interface (Jolibert & Wesselink, 2012).

Next to the level of citizen science accommodated for, it is important to consider the type
of people that can engage with an interface. Many stakeholders are involved in halting
biodiversity loss and increasing conservation efforts (Maxwell et al., 2018). Therefore, to reach
this goal, an inclusive interface is needed. Not only should one of the stakeholders should feel
inclined to engage with the interface, but it should also appeal to all people involved in order to

yield the most relevant results (Jolibert & Wesselink, 2012; Maxwell et al., 2018).
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Interface Design Choices for Biodiversity Databases

One of the most important aspects of interface design is to consider how to improve the user
experience (UX). Luna et al. (2018) suggest several ways to facilitate this. Firstly, they
recommend keeping the user interface simple and clean without too many distractions.
Secondly, they emphasize the importance of using buttons and symbols familiar to the general
public. Thirdly, limiting the amount of clicks necessary to arrive at the desired page will reduce
the number of users leaving the website prematurely. All in all, increasing UX will ensure that

users stay on the interface to engage with the content available.

If an organization wishes to have an active network of citizen scientists, it should
facilitate this on the interface. As stated previously, it is imperative to have a two-way
communication between researchers and participants to encourage citizen scientists.
Additionally, the interface should allow for communication between participants to increase the
feeling of belonging to a community of like-minded people. This network of communications

can make users get a real sense of contributing to science (Luna et al., 2018).

There are endless options for interface design, even when limiting the options by looking
at biodiversity data interfaces only. Due to the scope of this research, it is not feasible to go in-
depth into all the different possibilities. However, it should be noted that each design will
portray the data differently way and “render digital biodiversity through different lenses: as
mobile or static, singular or multiple, orderly or chaotic” (Whitelaw & Smaill, 2021, p.1). By
organising data differently on an interface or showing different pictures or visualisations
associated with the data, the user will pick up on different relations and structures within the
data. One of the most common (and conventional) ways to present biodiversity is by
categorizing the data according to species. However, many other options exist, such as
presenting the data according to geographical location or animal communities (Whitelaw &

Smaill, 2021). Lastly, data, including biodiversity data, is in itself abstract. This means that
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interfaces have the freedom to portray the data in any way they see fit for the narrative they

want to exhibit (Drucker, 2011).

Methodology

Walkthrough Method

In this paper, | have used a (variant of) walkthrough method to analyse the GFN and Movebank
websites structurally. The original cognitive walkthrough method was developed by Polson et
al. in 1992. This cognitive walkthrough aimed to evaluate the ease of use and learning when
interacting with an interface. This evaluation was done by dissecting seemingly simple,
everyday tasks and evaluating the different steps and the links between these steps (Polson et
al., 1992). In 2018, Light et al. developed an updated walkthrough method specially designed
for mobile applications (apps). “The walkthrough method is a way of engaging directly with an
app’s interface to examine its technological mechanisms and embedded cultural references to
understand how it guides users and shapes their experiences” (Light et al., 2018, p. 882). This
walkthrough method is made up of two parts. First, the environment of expected use is defined
and then the technical walkthrough is performed (Light et al., 2018). The methodology used in
this paper mainly draws on the walkthrough method developed by Light et al., and even though
their method is designed for apps, it is also applicable for websites as there are many similarities
between those types of interfaces. | have performed a walkthrough for both the GFN
(https://www.globalflywaynetwork.org/) and Movebank (https://www.movebank.org/cms/
movebank-main) websites separately to be able to compare and contrast the two websites and

identify unexpected practices.

In order to define the environment of expected use, Light et al. (2018) recommend
discussing the organization’s vision, operating model, and governance. The interface’s vision

involves its purpose, target group and suggestions for its use. The operating model includes the


https://www.movebank.org/
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economic strategy of the organization, which has implications for the political and economic
interests and motivations. The governance of the interface relates to the management and

regulation of user activity to execute the vision and sustain the operating model.

During the technical walkthrough, I placed myself in the position of user of the interface
in order to critically analyse the user experience of the websites, with a focus on the websites’
respective tracking interfaces. The technical walkthrough consisted of three different phases:
registration and entry, everyday use, and app suspension, closure and leaving. In the process of

walking through these steps, | executed several tasks.

These two parts of the walkthrough method have both been performed for the current
report. However, only the aspects of the interfaces deemed relevant to the three overarching
themes of this report have been included and discussed in the website analysis. The analysis
section is a combination of both presenting the results and discussing them simultaneously. The
overarching themes are knowledge foregrounding, user engagement, and interface design. For
both interfaces, an analysis was performed in which these three themes are discussed.
Additionally, the analyses of these interfaces are compared and contrasted in a final section of
the analysis to discover and discuss outstanding aspects of the interfaces and possible

improvement points.

Ethical Considerations

Concerning the execution of a walkthrough method of an interface with registered users, there
are two main ethical considerations to be made (Light et al., 2018). Firstly, despite the fact that
interaction with other users is not part of the walkthrough, creating an account for the sole
purpose of performing a walkthrough may disturb other users, for example, when other users
attempt to engage with the researcher’s dummy account. The main strategy to avoid ethical

complications is to not interact with other users, at least for the duration of the research.
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Secondly, during registration, the user shares personal information, that is (partly) visible to
other users. As a researcher, using this personal data that could be used to identify users would
require obtaining informed consent. Data from the interface involving other users can only be
used when it is completely anonymised. To conclude, overall, the ethical risks are relatively

low.

Analysis

Analysis GFN Interface

Knowledge Foregrounding

The GFN is a global collaboration between researchers that work on

x
studying long-distance migratory shorebirds (About, n.d.). Their

projects >

interface consists of a regular website with explanations about, among =i >
blog

other items, the GFN’s goals, publications, team, and funding. The o

Sponsors

full list is shown in figure 1. Next to that, the website has a tracking

about

interface, depicted in figure 2, where users can engage with a world ~ «*

Bar-tailed Godwits identification guide

map to explore viewing the movement tracks of different birds. Figure 1: Left side menu GFN

GLOBAL FLYWAY NETWORK

PART OF BIRDEYES

Figure 2: Tracking interface GFN

On the home page (figure 3), there is a strong focus on showing taxonomic data, which

is visible in the way that users immediately see a selection of seven bird species. They can
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choose to view the tracks of each of these species separately, but there is no option to view a
map with all the different species on the map. Additionally, only seven species are being tracked
on the GFN interface, which narrows the breadth of the GFN focus significantly. The common
aspect between these species is that they are all long-distance migratory shorebirds, which the
GFN identifies as their research focus. They also state to conduct research about understanding
global climate change from a bird’s point of view, specifically long-distance migratory
shorebirds (About, n.d.). This means it makes sense that they only focus on a relatively small

selection of species. However, the choices for these particular species are nowhere explained.

GLOBAL FLYWAY NETWORK . Y
PART OF BIRDEVES . 3

This website summarizes the work of researchers that are affiliated.with the research groups of
Theunis Piersma at the University of Groningen and the Royal NIOZ Netherlands Institute for Sea
Research, and our man;

llaborators

This map uses tracks of one bird in cach flyway to take you along to where our projects on "tracking
and tracing shorebirds" are hosted. Each flyway has a dedicate page where you will find more tracks
and specific links [...] more

Tracks of a specific species

Black-tailed G Bar-tailed Go Red Knot Eurasian Spoo Eurasian Whi Eurasian Curle Nordmann's G

odwit dwit Calidris camutus: nbill mbrel w reenshank

Limosa limasa Limasa lagporioa Platalea Izucorodia Numenius phasapus Numeniis arquata Tringa guttifer
view tracks =

view tracks = view tracks = view tracks = view tracks = wiew tracks = view tracks =

Figure 3: Home page GFN

Including the rationale could help users understand the aims of the GFN better and give context
to exploring the tracking interface. Additionally, there does not seem to be a focus on
multispecies data on the (tracking) interface. Literature claims that multispecies data can
improve conservation efforts (Geijzendorffer et al., 2016), and as the GFN states that one of
their main goals is to preserve long-distance migratory shorebirds (About, n.d.), including non-
taxonomic data might help these efforts. However, despite the fact that multispecies-oriented
data is not immediately available on the tracking interface for users, the publications the GFN
depicts on their website seem to have a multidisciplinary approach (Blog - Global Flyway
Network, n.d.; Publications - Global Flyway Network, n.d.), which according to the Convention

on Biological Diversity (CBD) is also an effective way to counter biodiversity loss (Secretariat
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of the Convention on Biological Diversity & UNEP World Conservation Monitoring Centre,
2006).

Next to categorizing data according to species, there are other ways in which the data
can be grouped on the interface. Other ways to pull up certain data on the map are shown further
down on the home page, in the left side menu (figure 1), and on the tracking interface. Users
can choose to view tracks per separate project associated with the GFN or look for birds near a
certain location. Overarching these different data categorizations is the fact that all data used
on the interface is shown as tracking data. This shapes the way researchers and users approach
the birds and the kinds of questions they ask. For example, without tracking data, it might not
have been possible to provide answers to questions about whether flying routes are nature or
nurture for godwits or which grasslands godwits prefer to breed on (Li et al., 2023; Loonstra et
al., 2023). These questions might not even have been asked without this data available.

On the GFN website, there are no explicit mentions of aiming to facilitate open science
or open data sharing. However, the tracking interface is open to everyone and there is no need
to sign up in order to use it. This means that anyone interested in tracking any of these seven
bird species, can do exactly that. Users can, as described before, search for birds in their near
location. Four of the seven bird species listed on the GFN website are threatened according to
the IUCN Red List (The IUCN Red List of Threatened Species, n.d.). Meaning that openly
publishing tracking data should be done with caution (Ganzevoort et al., 2017; Tulloch et al.,
2018). Not only people with good intentions can find the location of the birds, but it can also
lead to people disturbing the birds (intentionally or not).

User Engagement
The GFN aims to inform and engage researchers and laypeople to promote conservation efforts
for several threatened bird species (Mission Statement - ANBI Status, n.d.). Rather than being

aimed at facilitating citizen science, the interface seems more focused on being a tool for
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exploration and education. There is only relatively passive engagement for the user; they can
read articles or blog posts, or explore the tracking interface. Even on the tracking interface,
most of the time, context is missing. When users look at the map, they can, as discussed before,
choose how to categorize the date. However, on the tracking interface itself there is rarely any
information about the category they choose for filtering the data. At most, the user will receive
some basic information about a single bird (see figure 4) or get insight into how many birds are
part of a particular project. In order to be able to read more X

about different projects, users have to go to the home page ¢ .

Platalea leucorodia

Bob (YfaB/BLG)
only limited instructions given for users. The path to the  suica

May 15, 2023 - May 22, 2023
tracking interface is relatively clear. However, on that  iamfier

Bob (YfaB/BLG)2097021927
interface, there is only a short (and hidden) ‘help’ guide.  ruofproject srs0misss

Eurasian Spoonbill - Lok - Netherlands
2019-2023

and scroll down. However, there are no instructions given

about this anywhere on the website. In general, there are

Even after following the help guide, many of the functions

Taxon canonical name:

Platalea leucorodia

on the interface remain unexplained. This may cause

Taxon detail:

confusion amongst users and might lead to suboptimal use ~ '®di
Figure 4: Information individual bird
of the tracking interface.

The GFN interface is one of the GFN’s main modes of communication, next to Twitter,
which is also highlighted on their website. However, this is only a one-way communication
channel. The GFN team posts information, highlights publications, shares ‘latest news’ on their
website and ensures the tracking interface is working and up to date. Users can read this
information and use the interface, but there is no direct communication channel back from the
users to the researchers. There is a ‘contact’ page, but it does not seem that to be meant for

regular communication. Moreover, there is also no way for users to communicate with each

other. In order to foster a stronger community feeling, such communication channels are vital
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(Jolibert & Wesselink, 2012; Luna et al., 2018). In addition to creating a community feeling,
such communication can facilitate stakeholders to contact each other, which can reinforce
conservation efforts (Maxwell et al., 2018). Therefore, this lack of communication channels
means that the potential alignment of stakeholders is missed out on as users do not know of
each other’s existence.

The website is highly accessible as it does not require users to register or log in before
being able to fully use the interface. Only one option is unavailable to unregistered users and
only becomes functional when users are logged in. This particular function is that users can
reinstate certain filtering settings on the map that they had set in a previous visit to the interface.
This can be useful to regular users. For example, farmers living in an area where one of the bird
species breeds might be interested in regularly checking whether the birds have already come
back to their fields. This is related to the risks of openly published georeferenced data, however,
in this case, it could benefit the birds as the farmer might plan their activities around the
breeding season of the birds and stop potentially harmful activities as long as the birds are in
the farmer’s field.

Despite the fact that the website is aimed at a large audience, certain people are still
excluded from using the interface. Most significantly, certain people may not be able to use the
interface due to a language barrier. The website is mainly in English, with the exception of
certain twitter messages and publications. This means that those who do not speak English will
not be able to use the interface to its full potential. For example, certain communities that might
not speak English but are highly connected to the birds tracked by the GFN could potentially
be excluded from using the interface. However, to a certain extent, the tracking interface is also
understandable for those who do not speak English, as it is quite intuitive. This is mainly due

to the use of icons and other visual aspects, such as the tracks, instead of words.
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Interface Design

The GFN has a focus on global research and seeing the world from a bird’s perspective. This
means that there are many interesting and innovative ways to show this focus in the design of
the interface. One example relates to a design choice made for the tracking interface. Currently,
one of the first things that caught my eye is that the map is still designed with a focus on
topography and borders between countries. However, the world taken from a bird’s point of
view does not exist out of countries, but out of places to feed and breed and routes to fly. It is
conventional to design a map like that (Drucker, 2011), but in the spirit of creativity and
transcending the human narrative, it could be interesting to have another map that would be
visualised in a way that is more based on how a bird would see the world (Whatmore, 2002).
For example, a map that shows distances according to how long it takes a bird to get from one
place to another as well as how long they stay in one place. This could be perceived as
interesting by users, leading to a better understanding of birds in the general public and higher

engagement.

t 4 « T 4 4 4

Figure 5: Icons depicting the seven different bird species as used by GFN: 1) Black-Tailed Godwit, 2) Bar-Tailed Godwit, 3) Red Know, 4) Eurasian
Spoonbill, 5) Eurasian Whimbrel, 6) Eurasian Curlew, and 7) Nordmann’s Greenshank.

Another noticeable design choice is the use of icons to visualize individual birds or bird
species, such as the ones depicted in figure 5 or used on the tracking interface. Only a few
pictures of the birds as they look in real life are found on the website. On the one hand, the
icons increase recognisability and simplicity as they quickly show the user what a bird species
looks like approximately without overcomplicating the information presented to users (Wang
et al., 2007). On the other hand, two of the icons (number five and six) are the same, despite
the fact that different bird species are meant to be visualized, which can be confusing. Next to
the question about whether these icons increase or decrease the recognisability of the birds, a

discussion about anonymity versus individualism of the birds can be held. The black silhouette-
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icons give a sense of anonymity of the birds (Whitelaw & Smaill, 2021), there are no specific
feather-patterns to identify the birds with; all the birds in one species are visualized by this
single icon. This stands in contrast to the individualistic approach to the birds’ identities on the
map, where each bird can be individually selected. After clicking on a single bird on the map
(which is also visualized by the icon used for the species it belongs to), it will show the bird’s

location and tracks as well as its given name and other characteristics.
Analysis Movebank Interface

Knowledge Foregrounding

On the home page of Movebank, the organization describes itself as “a free, online database of
animal tracking data” (Movebank, n.d.-a). The main goals of Movebank, as stated on their
website, are to archive biodiversity tracking data, enable collaborations between users and other
stakeholders, help scientists address new questions, promote open access, and allow the public
to explore. By doing this, they aim to document change over time and contribute to global
challenges, such as climate change, biodiversity loss and wildlife trafficking (Kays et al., 2022;
Kranstauber et al., 2011). Almost their entire website is aimed at supporting users to understand

and be able to engage with the tracking interface, which is shown in figure 6.
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Figure 6: Tracking interface Movebank
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in biodiversity studies (Troudet et al., 2017). Each  Figure 7: Visualization of a single study’s tracking dtn
study consists of tracking data of several individual animals of one or more species.
Additionally, other sensor data related to the animals can be published, however, this will not
be shown on the map. Users can potentially view and use this data when they download it
(Movebank, n.d.-b). When selecting a particular study on the map, the tracking data is visualized
as depicted in figure 7. The particular study shown in figure 7 consists of tracking data for four
different species. The blue line shows the movement of one individual animal for the duration
of the study. It is only possible to see the movement of either one animal or all individuals
included in the study. This means is not possible to see, for example, whether there are relations
between a certain selection of individuals. It is also not possible to view the tracking data of
two or more studies simultaneously on the map, which, again, excludes the possibility of
visually comparing multiple studies. If Movebank would increase its inclusion of multispecies-
focused data, the conservation efforts it aims to contribute to, might benefit more
(Geijzendorffer et al., 2016).

One of Movebank’s main objectives is to promote and facilitate open science. They

value open science as it enables collaborations between stakeholders, helps researchers

investigate innovative questions, and facilitates exploration and education among the general
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public (Kays et al., 2022; Kranstauber et al., 2011). Within Movebank’s database, users
themselves can decide to what extent their data is accessible to other users. It seems like
Movebank still encourages users to openly publish their data, at least to a certain extent. When
users make their data completely private, it can only be stored temporarily, except when users
contact the Movebank support team asking for a longer storage period. However, this is an extra
step users would have to take, when it would be easier to open up the data to the public, which
Movebank implicitly tells them in the user manual (Movebank, n.d.-c). Movebank also
recognizes the threat open-access biodiversity data poses to certain (threatened) species
(Ganzevoort et al., 2017; Movebank, n.d.-c; Tulloch et al., 2018). The interface’s user manual
states: “ We encourage data owners to make their tracks visible to the public in the Tracking
Data Map if it does not pose a threat to the study population.” (Movebank, n.d.-c). This is quite
a heavy responsibility to give to users, as they may not be aware of the conservation status of
certain species in their data, leading to unintentionally posing a risk for already threatened
species.

Movebank, one of the biggest animal movement tracking databases, offers an array of
research opportunities. Not only can it grant researchers the opportunity to perform immense
temporal and spatial analyses on, for example, the influence of climate change on animal
migration, but the interface itself can also be used as a research object. Due to the size of the
database and the extensive societal reach, it can increase the understanding of what such large-
scale databases have to offer the practices of conservation and citizen science, among others.
User Engagement
Movebank aims to accommodate both researchers and the general public. This means multiple
user options are available, such as uploading, viewing, or downloading data. On the home page,
users are guided to determine what action on the website would suit them best. This ensures a

high rate of user engagement as there is relevant content for a large range of potential users
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(Garett et al., 2016). Movebank does this by saying: “Are you a researcher, journalist, student
or developer? Get headed in the right direction.” (Movebank, n.d.-a), which is accompanied by
a link leading to an information page about the various ways to engage with the Movebank
interface. As the tracking interface is the most important part of the website, all actions are in
some way connected to that interface, ultimately leading all users to engage with it.

Part of the users of the Movebank interface can be referred to as citizen scientists. This
is because many users are contributing to Movebank’s database by uploading tracking data
gathered by them. Per the framework developed by Haklay (2013), the citizen scientists of
Movebank can be categorized in level one ‘crowdsourcing’, as they only act as sensors. The
second framework of citizen science discussed in this paper is by Arnstein (1969) and is based
more on the type of communication between the researchers/organization and the citizens.
Communication channels within the Movebank interface are limited. Communication from the
organization to the user is done throughout the whole interface as it is their medium of
informing their users. The only communication possible on the interface itself from the users
to the organization is through reaching out to one of the contact persons listed on their website
(Movebank, n.d.-d). Due to this lack of a two-way communication channel, the citizen science
of Movebank can be classified as level 3 ‘informing’ in Arnstein’s framework. Higher levels
of citizen science do not only benefit conservation efforts, but also provide relevant feedback
to the organization engaging these citizen scientists (Ganzevoort et al., 2017; Jolibert &
Wesselink, 2012).

Additionally, there is also only limited opportunity for users to communicate with each
other. The only communication between users encouraged by Movebank is to ask other users
for access to their data or to inform peers of mistakes in their dataset. The Movebank interface
does not have a forum page where users can freely communicate with each other. This has a

negative impact on the possible formation of a community feeling amongst Movebank users.
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Additionally, stakeholder alignment based on communication through the interface is missed
out on. An improvement of both would increase the potential contribution to global causes,
such as conservation (Jolibert & Wesselink, 2012; Luna et al., 2018).

It seems that one of the main concerns (and seemingly prides) of Movebank is the fact
that they ensure that users maintain ownership of their data. This means that they can decide
whom to share their data with and how this data can be used by other users (Kays et al., 2022;
Kranstauber et al., 2011). These guarantees are elaborately discussed in Movebank’s policies
and guidelines, for example, in the user manual (Movebank, n.d.-c). A strong data ownership
policy can, on the one hand, increase the attractiveness of the database (Kays et al., 2022), while
at the same time hinder open accessibility of the data (Ganzevoort et al., 2017).

As with many global databases, the main language used is English. As Movebank does
not offer any translated versions of their interface, except for the ‘about’ page, people that do
not have an understanding of English are excluded from using the interface. Another excluding
factor relates to the possibility of being a citizen scientist for Movebank. Equipment necessary
for gathering tracking data is relatively expensive (Robertson et al., 2012), meaning that people
with less monetary means might not be able to afford to be a citizen scientist. Many countries
with low gross domestic product seem to have high rates of biodiversity (GDP Ranked by
Country 2023, n.d.; The Top 10 Most Biodiverse Countries, 2016). This could mean that due to
the monetary requirements, regions with high biodiversity might be underrepresented in the
database. This bias can already be seen in figure 6 as most of the studies are located in Europe
and North America, which are generally considered wealthy regions.

Interface Design
When designing an interface, a balance between usability, meeting user needs, and visual
attractiveness must be found (Janicki et al., 2016; Roth et al., 2015; Roth & Harrower, 2008).

After clicking on opening the Movebank tracking interface, the page, as depicted in figure 8, is
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presented. The first eye-catching item is the Movebank logo in the top bar, which takes up
relatively much space. Next to that, the many dots on the map attract attention. However,
compared to the rest of the screen, only a relatively small part of the space is assigned to the
map. According to a study performed by Janicki et al. (2016), this can lead to reduced usability
of the interface as users have to take more steps to get a good overview of the functionalities of
the map. Additionally, the tracking interface is visually not very appealing, mainly due to the
fact that its design is slightly old-fashioned and quite complex, and there are almost no familiar

icons for users to rely on for navigation (Whitelaw & Smaill, 2021).
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equipped by Movebank. Even the information provided about the studies is quite technical, as
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can be seen in figure 9. This use of jargon is continued on the ‘studies page’, as shown in figure
10. The studies page is comprises of textual content, with no icons to clarify the content
presented. This decreases both the usability and attractiveness of the interface. However, it may
contribute to meeting user needs as all the information about a particular study is presented on
one page.
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Time of Last Deployed Location  2019-09-16 17:33.27.000
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Number of Deployed Locations 22143

Number of Records Deployed (outliers) / Total (outliers)
Argos Doppler Shift 22143 (0) 1 22143 (0)

About study details

Processing Status Up-to-date

Figure 10: Studies page

A last noticeable design choice on the entire Movebank interface is the extensive use of
the colour blue. Many studies have been conducted on the psychology of colours. Specifically,
the literature on the use of colours in interface design is relevant for this report. According to a
study performed by Kuo et al. (2022), three distinct shades of blue (royal blue, slate blue, and
dark blue) are, objectively speaking, the most suitable for interactive webpages, which is what
Movebank’s tracking interface can be categorized as. Blue is associated with calm,
peacefulness, and nature. Additionally, it makes users feel like they are in a stable and reliable
environment (Clarke & Costall, 2008; Kuo et al., 2022). This can increase the UX and prime

users to trust Movebank as a safe place to store and retrieve data.
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Comparison of the Interfaces

The following section compares the interfaces of the GFN and Movebank and draws on the
analysis performed on the respective interfaces. As can be inferred from the previous analysis,
the GFN and Movebank have several similarities. For example, both organizations focus on
animal movement tracking data and portray this data on their main interface consisting of a map
where movement tracks are visualized. The two organizations are also entangled as the data
shown on the GFN interface is retrieved from Movebank, and therefore, the same data is also
visible on the Movebank interface. GFN, as well as Movebank, focuses on taxonomic data,
either categorized according to species or according to research project or study. Additionally,
both websites state to have the wish to contribute to global problems by promoting conservation
efforts and gaining a better understanding of climate change by having an interface that
accommodates for both researchers and the general public. The organizations also share the
desire to inspire researchers to study new (innovative) questions based on the data they present.
However, oftentimes, the way these two organizations portray these similar messages or wishes
on their interfaces differs greatly.

One of the most obvious differences between the organizations is the breadth of the
focus they have in terms of species. The GFN strongly focuses on understanding the world from
the viewpoint of a select set of long-distance migratory shorebirds, such as the black-tailed
godwit. This is “with the aim to understand and analyse the factors determining shorebird
numbers in a rapidly changing world” (About, n.d.). Whereas the GFN aims to get this better
understanding of the world through in-depth research of seven bird species, Movebank focuses
on “movement ecology research, wildlife management, and to address challenges such as
climate and land use change, biodiversity loss, invasive species, wildlife trafficking and
infectious disease” (Movebank, n.d.-e) by openly publishing an extensive collection of animal

movement tracking data concerning all species on the world. Despite these different approaches
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to contributing to global problems and differences in breadth, both organizations have a global
orientation. This is made apparent by having tracking data from all over the world.

Throughout this paper, the debate around openly publishing data has been mentioned
more than once: there is a trade-off between openly publishing data and advancing scientific
endeavours while also potentially posing risks for threatened species (Tulloch et al., 2018).
Despite the fact that the GFN interface concerns several threatened bird species, they make no
mention of the risks of openly publishing this data. On the other hand, even though Movebank
acknowledges the risk, it still assigns all responsibility for assessing the potential threat openly
publishing data poses to the users uploading the respective data. Neither organization shows an
active approach to addressing this trade-off. This is unexpected, as, for one, Movebank states
to wish to act against wildlife trafficking while allowing for openly published, potentially
harmful data. Also, the GFN writes on their website that the birds it researches are partly
threatened, yet no action is taken. As both organizations are growing, an active role in
addressing this risk is necessary to diminish future risks of openly published data (Tulloch et
al., 2018).

Another significant difference between the GFN and Movebank is their approach to
engaging users. In general, both organizations aim to accommodate for all different types of
audiences. However, Movebank additionally allows for citizen science. The GFN only
publishes data gathered by people who are part of their team. Movebank allows all people to
upload data onto their database. This is likely related to their vision of how to contribute to
global problems. GFN focuses on a select group of birds, whereas Movebank aims to gather as
much data as possible to allow for extensive temporal and spatial analyses. As a study by
Dickinson et al. (2012) states, citizen science allows for the expansion of the boundaries of

what is possible in ecological research. Therefore, if the aim of an organization is to advance
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research endeavours, citizen scientists should be welcomed into the community rather than
excluded.

The GFN and Movebank are biodiversity databases focusing on animal movement
tracking data, albeit in their own ways. The interfaces, therefore, serve many similar user needs
and could potentially have comparable design aspects. However, it seems like only the general
design of the tracking interface is similar in the sense that they are both maps and that the animal
tracks are depicted on that map. Apart from that, the main design aspects display few
similarities. For example, both interfaces are based on a different colour palette, and the
placement of buttons on the map is completely different for both interfaces. Additionally, the
organizations seem to have a different attitude towards the use of icons. As discussed before,
the GFN interface is filled with icons, whereas the Movebank interface has made very limited
use of icons. This impacts the extent to which users can quickly understand the interfaces’
functioning, with more conventional and familiar icons increasing usability (Wang et al., 2007).
By increasing usability, user engagement also grows, which contributes to the causes the GFN
and Movebank stand behind. Lastly, the design of both interfaces aligns with conventional
‘rules’. This is despite the fact that many innovative design opportunities can be explored
(Drucker, 2011). An example of this was given in the analysis of the GFN interface. This idea
can be more widely applied to interfaces accommodating databases, such as Movebank and the
GFN, to increase user engagement and encourage researchers to ask new questions about the
data (Drucker, 2011).

Limitations

The main method used for gathering empirical data for the analyses was the walkthrough
method, as developed by Light et al. (2018). According to Wharton et al. (1994), the
walkthrough can be performed by both an individual as well as by a group. Both constellations

have their respective advantages and disadvantages. In the case of this report, the walkthrough
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was performed by an individual. As the analyses of the interfaces are relatively dependent on
subjective observations and judgements, the data may be limited since these choices were all
made by an individual.

Due to the scope of the current report, only a limited selection of topics was evaluated
in the analyses of the websites. These were knowledge foregrounding, user engagement, and
interface design choices. Many more aspects of the website could have been examined to create

a more comprehensive assessment of the interfaces.

Conclusion

The current report aimed at answering the following research question: “What are the
implications of interface design of biodiversity databases for foregrounding different kinds of
knowledge and for engagement of different kinds of users?”” The method used for answering
was performing a structural analysis of the interactive biodiversity database interfaces of the
Global Flyway Network and Movebank. Both organizations aim to contribute to global
problems by promoting conservation efforts and gaining a better understanding of climate
change. The three main themes of the analyses were knowledge foregrounding, user
engagement, and interface design. Firstly, both organizations displayed a focus on presenting
taxonomic data categorized by species. On the one hand this increases the understanding of
biodiversity and the extent of conservation efforts needed. On the other hand, using solely
taxonomic data leads to an incomplete understanding of ecosystem functioning. This can be
improved by, for example, taking on a more multispecies-focused approach. Secondly, the two
organizations wish to accommodate researchers as well as laypeople and their interfaces are
designed for that purpose. The organizations also differ in this regard as Movebank also engages
in citizen science, albeit on a low level. This can positively contribute to the conservation efforts
Movebank wants to contribute to. Thirdly, the main aspect of both interfaces is the interactive

animal movement tracking map, where users can explore biodiversity and migration. The
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design of these interfaces is in its basic idea similar, but the way the specifics are designed

differs greatly, with its respective influences on user experience and engagement.

This research aimed to contribute to the existing literature on interface design by
performing a case study of two interactive biodiversity interfaces. The results and conclusions
presented in this paper can give insights into the different design options available for such
interfaces to improve the functioning of these interfaces. Creating well-functioning and
inclusive biodiversity interfaces can contribute to halting biodiversity loss and gaining a better

understanding of a changing world.
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Appendix A — Debate Open Data

The benefits and barriers of having open-access data as formulated by Janssen et al (2012):

TABLE 1
Owverview of benelits of open data

Category

Benefits

Political and social

Economic

Operational and technical

More transparency

Democratic accountability

More participation and self~empowerment of citizens (users)

Creation of trust in government

Public engagementScrutimzation of data

Equal access to data

New governmental services for citizens

Improvement of citizen services

Improvement of citizen satisfaction

Improvement of policy-making processes

More visibility for the data provider

Stimulation of knowledge developments

Creation of new insights in the public sector

New (innovalive) social services

Economic growth and stimulation of competitiveness

Stimulation of innovation

Contribution toward the improvement of processes, products, and/or services

Development of new products and services

Use of the wisdom of the crowds: tapping into the intelligence of the collective

Creation of a new sector adding value to the economy

Availability of information for investors and companies

The ability to reuse data/not having to collect the same data again and counteracting
unnecessary duplication and associaled cosis (also by other public institutions)

Optimization of administrative processes

Improvement of public policies

Access to external problem-solving capacity

Fair decision-making by enabling comparison

Easier access to data and discovery of data

Creation of new data based on combining data

External quality checks of data (validation)

Sustainability of data (no data loss)

The ability 1o merge, inlegrate, and mesh public and privale data
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TABLE 2
Adoption barriers for not publicizing data

Calegories

Barriers

Institutional

Task complexity

Use and participation

Legislation

Information Quality

Technical

Emphasis of barriers and neglect of opportunities

Unclear trade-off between public values (transparency vs. privacy values)

Risk-averse culture (no entrepreneurship)

No uniform policy for publicizing data

Making public only non-value-adding data

Mo resources with which to publicize data (especially small agencies)

Revenue system is based on crealing income rom data

Fostering local organizations® intercsts at the expense of citizen intcrests

No process for dealing with user input

Debatable quality of user inpul

Lack of ability to discover the appropriate data

No access to the original data (only processed data)

No explanation of the meaning of data

No information about the quality of the open data (see category “Information Quality™)

Apps hiding the complexity but also potential other use of open data

Duplication of data, data available in various forms, or before/after processing resulting in
discussions about what the source is

Difficulty in searching and browsing duc to no index or other means to ensure casy search for
finding the right data

Even il data can be found, users might nol be aware of ils polenlial uses

Data formats and datascts are too complex to handle and use casily

No tooling support or helpdesk

Focus is on making use of single datasets, whereas the real value might come [rom combining
various datasets

Contradicting outcomes based on the use of the same data

Invalid conclusions

No incentives for the users

Public organizations do not react to user input

Frustration at the existence of too many data initiatives

No time to delve into the details, or no time at all

Having to pay a fee for the data

Registration required before being able to download the data

Unexpecled escalaled cosls

No time to make use of the open data

Lack of knowledge to make use of or to make sense of data

Lack ol the necessary capabilily lo use the informalion

No statistical knowledge or understanding of the potential and limitations of statistics

Threat of lawsuits or other violations

Privacy violation

Security

No license for using datal.imited conditions for using data

Dispute and litigations

Prior wrillen permission required Lo gain access Lo and reproduce data

Reuse of contracts /agreements

Lack of information

Lack ol accuracy of the information

Incomplete information, only part of the total picture shown or only a certain range

Obsolete and non-valid data

Unclear value: information may appear to be irrelevant or benign when viewed in isolation, but
when linked and analyzed collectively it can result in new insights

Too much information to process and not sure what to look at

|Essential] Information is missing

Similar data stored in different systems yields different results

Data must be in a well-defined format that is easily accessible: while the format of data is
arbitrary, the formal of data delinilions needs Lo be rigorously deflined

Absence of standards

No central portal or architecture

No support for making data available

Lack of meta standards

No standard software for processing open data

Fragmentation of software and applications

Legacy systems that complicate the publicizing of data




Appendix B — Citizen Science Frameworks

Framework developed by Haklay (2013) to illustrate four different levels of citizen science:

= Level 4 ‘Extreme Citizen Science’

« Collaborative science — problem definition, data collection and analysis

=aad Level 3 ‘Participatory science’

¢ Participation in problem definition and data collection

==ad Level 2 ‘Distributed Intelligence’

+ Citizens as basic interpreters
* Volunteered thinking

= Level 1 ‘Crowdsourcing’

» Citizens as sensors
* Volunteered computing

Framework developed by Arnstein (1969) to show eight levels of citizen science:

Citizen control
8
Degrees
Delegated power e Of
7 citizen power
Partnership
B —
Placation
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tokenism
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Informing
3
—
Therapy m
2 = Nonparticipation
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1
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