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ABSTRACT

Citizen science has proved its significance by bridging the gap between the public and scientists,
encouraging collaborative approaches to research methods and scientific processes. One of the
ways to contribute to citizen science projects is through participating in avian sound collection
projects such as the Xeno-canto (XC) platform. Effective data visualization is crucial in these ef-
forts, as it transforms raw data into an accessible and interpretable form. This research project
aims to improve the geospatial data visualization capabilities of XC. Considering XC’s significant
contribution to bioacoustic studies and ecological research, this study addresses data visualization
and mapping functionality limitations that currently hinder user experience and data exploration.
We propose a cost-effective approach to ensure the platform’s long-term viability without the bur-
den of additional costs by transitioning from a commercial web map library such as Google Maps
to a license-free, open-source alternative such as Leaflet.

We use a combination of user-centered design (UCD) and a re-engineering approach to de-
velop geospatial data visualization solutions tailored to XC and its users. One of the phases in
our methodology is dedicated to usability testing, utilizing a structured questionnaire to evaluate
the effectiveness, efficiency, satisfaction, and learnability of developed geodata visualization solu-
tions. The outcomes for selected map types yielded encouraging results across these criteria. Key
advancements of this research include a strategic move toward open-source development, transi-
tioning to GeoJSON, and the implementation of a dynamic color coding schema.

Keywords

citizen science, xeno-canto, web map application, geospatial data visualization, reverse engineering,
leaflet library, user-centered design, user experience
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A RE-ENGINEERED WEB INTERFACE TO A GLOBAL CITIZEN SCIENCE PORTAL

Chapter 1

Introduction

1.1 MOTIVATION AND IMPORTANCE

Citizen science commonly describes the active participation of individuals from the public in sci-
entific research and can be initiated by scientists or arise from a grassroots level. The driving force
behind these projects is citizens’ interest and initiative, whether motivated by a desire to contribute
scientific knowledge or personal interest in the subject matter. citizen science has been pursued for
centuries and utilized in various fields, including science, research, politics, and education (Voh-
land et al., 2021). Especially technological advancements in recent years have made citizen science
possible to grow tremendously (Skarlatidou et al., 2019). This growth, which may bring together
volunteers from various communities, benefits both volunteers and scientists. While volunteers
gain a better understanding of the scientific process, scientists benefit from having participants
from varied backgrounds and locations in their scientific research (Yadav and Darlington, 2016).

Citizen science is mainly used as a methodology for data collection and classification in biol-
ogy, conservation, and ecology research (Kullenberg and Kasperowski, 2016). Over the centuries,
natural history museums have made tremendous collection efforts on soils, rocks, plants, and ani-
mals to document our planet’s (bio)diversity, and collecting has become a high-level profession in
itself. These collections have been enhanced in recent years by new technology-based collectibles,
such as DNA/RNA sequences, GPS tracking data, and animal sound recordings. These additional
collecting methods have helped to detect species and subspecies and their occurrence patterns that
were cryptic under older methods.

One of the ways to contribute to citizen science projects is through participating in avian sound
collection projects such as the Xeno-canto project1. XC is a citizen science project that intends to
compile the world’s most extensive open-access sound collection on wild birds to contribute to
the study of bioacoustics and ecological research (“Xeno-canto”, 2023). Through its web mapping
application, the project strives to encourage bird sound recording, enhance accessibility, and raise
bird sound knowledge. The portal hosts a database of geolocated bird song recordings covering
95 percent of all bird species worldwide and more than 700,000 recordings made by over 8,000
recordists. Since its inception 17 years ago, it has become a valuable resource for scientific analyses
and publications and has been cited as an audio source in over 3,000 scholarly studies.

Birdwatching, or birding, is an action that includes activities such as watching birds in their
natural habitats, tracking their movements, and identifying species and counting individuals. Bird-
watching is useful because birds are regarded as ecological indicators due to their high sensitivity

1https://xeno-canto.org
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to environmental changes (García-Moreno et al., 2007). Furthermore, birds provide many vital
biological services such as nutrient cycling, biodegradation, insect control, plant fertilization, and
seed separation (Whelan et al., 2008). Any decrease in bird habitats or numbers can be seen as an
indicator that the environment is at risk (European Commission, 2004). Therefore, given all these
ecological and biological benefits, bird monitoring is crucial for biodiversity and ecological sus-
tainability research (Priyadarshani et al., 2017). Systematic analysis of bird sounds and recording
localities can improve our understanding of bird behavior and identification. These observations
form a part of a scientific dataset that enables researchers to monitor changes in species diversity
and ecosystems (Lindsey Jean Schueman, 2021).

The use of software systems has become increasingly prevalent in modern society. They play a
crucial role in enabling individuals and organizations to accomplish their objectives. As software
systems evolve and grow over time, they may become challenging to maintain, extend, or adapt
to new environments (Laato et al., 2022). To deal with these challenges, software re-engineering is
often employed as a strategy. Software re-engineering can be defined as analyzing and modifying
existing software systems to improve their design, functionality, performance, or other qualities.
It can also be used to introduce new technology or programming languages or to modernize legacy
systems and make them more relevant in today’s technological environment. This may involve
refactoring the codebase and adding or removing features. It is often necessary when a software
system has become outdated or is no longer meeting the needs of its users (Majthoub et al., 2018).
This process involves both reverse engineering and forward engineering (W. Lin, 2017).

Reverse engineering is the process of analyzing a system or method in order to understand its
design, functionality, and operation. This process involves breaking down the system or method
into its components and examining each individually to understand how they work together. It is
often used to identify areas for improvement or potential issues or vulnerabilities (van den Brand et
al., 1997). Reverse engineering is commonly used in software development to improve or modify
existing systems or create new ones based on existing ones. On the other hand, forward engineer-
ing is the process of implementing changes to a system based on the insights gained through reverse
engineering. It involves taking the results of the reverse engineering process and using these to cre-
ate new designs, prototypes, or systems (W. Lin, 2017). Forward engineering is typically used to
implement changes or improvements to a system.

The construction of web applications from a technical standpoint is not a major concern, as
the necessary technology has already been developed and is well understood. Instead, the major
issues come with creating a design under strict conditions that satisfy users and allow additional
data exploration functions per the user needs/wishes (Garrett, 2005). Software re-engineering is
not always a straightforward process. It can be challenging, especially for large and complex sys-
tems. It requires careful planning and a thorough understanding of the existing system, users, per-
formance considerations, and stakeholders’ requirements. It also requires strong problem-solving
and debugging skills, as well as the ability to maintain compatibility with existing data and sys-
tems. In order to successfully re-engineer software, it is important to prioritize functional con-
tinuity and carefully consider the potential impacts of current platform modifications. Software
re-engineering can be a challenging but rewarding endeavor that requires careful attention to detail
and a thorough understanding of the system and its users. In forward engineering, we develop a set
of proposals to change the code base. These proposals provide a comprehensive understanding of
the desired modifications, motivations, and goals behind them to allow the software engineering
team to understand the scope and implications of the re-engineering process.

2
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1.2 PROBLEM IDENTIFICATION

The Xeno-canto project has been operational since 2005, and citizens and scientists are using it ex-
tensively for various purposes. Nevertheless, a number of issues stand in the way of the effective
use of the Xeno-canto platform and its information contents. The first issue is that present map-
ping functions are quite limited, do not utilize modern cartographic techniques, and do not fully
use data exploration capabilities. These issues result in an unnecessarily restricted user experience.
Secondly, current mapping features in XC are generated by Google Maps. Although it is a power-
ful library, Google Maps API has become commercial in 2018. As a non-profit organization, XC
currently does not pay for the usage of the API. However, there is a risk that Google may change
its pricing or terms of service in the future, which would make running the project potentially
costly. Due to potential financial risks associated with the Google Maps API, it is important for
citizen science platforms to seek free and open-source software (FOSS) solutions.

While the collection of hundreds of thousands of sound files is a central aspect of this MSc
project, the focus is not on acoustic analysis but on studying the metadata associated with sound
recordings. The data that the platform collects is beyond just sound files. It also includes informa-
tion about the in situ collection conditions, such as location, time of day, weather, characterization
of the natural environment, distance to the microphone, the position of the vocalizer, and equip-
ment used. In addition, the platform gathers data on the classifications of the sound types produced
by the vocalizers (the birds). These birds vocalize for different purposes, and the characteristics
of interest include the purpose of the vocalization such as song, mechanical sound, begging call,
alarm call, contact call, duet, etc., the number, sex, and age of the vocalizers, the identification
of the (sub)species. The platform also collects derivative information, such as the altitude at the
location and the time of year (an indication of the season). The high dimensionality of this data
offers numerous opportunities for users to explore and optimize their analysis. Individuals can
gain a more comprehensive understanding of the underlying trends and relationships within the
data by analyzing the parameters and variables within the dataset. Time and place are key vari-
ables in this study because they are potentially powerful explanatory factors that may enhance our
understanding of temporal and spatial patterns in bird sounds. Therefore, this MSc project focuses
on analyzing time and place metadata.

1.3 RESEARCH IDENTIFICATION

1.3.1 Overall objective

This MSc project aims to support a citizen science platform by developing improved geodata
visualization solutions to enhance the capability of the Xeno-canto portal for exploring high-
dimensional data. Additionally, this MSc project addresses the need for a more financially sustain-
able model by replacing the Google Maps API with an open-source and license-free alternative.

1.3.2 Subobjectives

• To analyze the questionnaire responses and understand the user requirements for map types
on the XC platform, especially in explorative and analytical map-based functionality.

3
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• To evaluate the suitability of open-source JavaScript mapping libraries for compatibility
with XC.

• To analyze the current base code of XC and determine its functions.

• To implement new geodata visualization solutions to addressspecific needs and requirements
of users.

• To assess the usability of the new geodata visualization solutions.

1.3.3 Research questions

RQ1: What are the primary motivations of users of the Xeno-canto portal?

RQ2: What challenges and requirements do users have when using the Xeno-canto web
mapping stack for analytical purposes?

RQ3: What are the open-source JavaScript mapping libraries capable of in meeting the needs
of users of the Xeno-canto web mapping stack?

RQ4: What is an appropriate re-engineered web stack for XC that considers innovative map-
based exploration?

RQ5: How effective are the new geodata visualization solutions in meeting the needs of the
users of the Xeno-canto portal?

4
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Chapter 2

Literature Review

Cartography was once limited to the generation of static maps on paper; however, interactive maps
began to appear with the development of the Internet, particularly with the advancement of Web
2.0 technology (M.-H. Tsou, 2013). Along with Internet developments, there has been a surge
in the number of frameworks for web mapping (Edler and Vetter, 2019). The majority of these
frameworks now use JavaScript (Netek et al., 2019) because its mapping libraries enable various
functions and controls that are essential for interactive maps (Velkoski et al., 2017) and ensure en-
hanced responsiveness, improved interaction capabilities, and comprehensive user interface (Caste-
leyn et al., 2014). These characteristics allow web-based map interfaces to more closely resemble
maps in desktop GIS applications in terms of interaction (Haklay et al., 2008). Consequently, it
has become feasible to create advanced web mapping applications that allow the exploration of
geospatial information without extra software (Machwitz et al., 2019).

XC is a valuable source for bird research. Over 3,000 studies have used recordings of XC for
their research. For instance, one research (Ortega and Sarria-Paja, 2022) used a subset of 3689
audio recordings from XC to identify and classify the 30 species of the Thamnophilidae family in
the western mountain range of Colombia using bioacoustics. Similarly, another research (Zulian et
al., 2021) estimates the global abundance of the Vinaceous-breasted Parrot. XC was one of the four
datasets used in this study. The authors found that combining citizen science data provided better
results in analyzing the distribution and abundance of species. Moreover, XC is a useful resource
for bird vocalization recognition research. In research (Xie and Zhu, 2019), the recordings are used
as a source of labeled data for training and testing bird vocalization recognition models.

As web mapping applications became widespread, scientific studies on user interface design,
the content of the dynamic map, and mapping technology increased. As a result, web mapping
applications have become increasingly complex, with a range of functions and features that can
be challenging to design in a user-friendly manner. This highlights the importance of considering
user needs and requirements in developing web mapping applications, which can be achieved us-
ing the user-centered design (UCD) method (M. H. Tsou, 2011). The UCD method focuses on
putting users at the center of development and on continuously incorporating users’ needs, data,
and feedback into the product design process. It aims to strongly emphasize the user demands to
tailor a product to the exact wishes of its users (Mülazimoğlu and Ba̧saraner, 2019; Agarina et al.,
2019). A successful interface from a cartographic standpoint has implications beyond just pro-
gramming and debugging; it also necessarily involves a detailed analysis of user requirements and
the integration of modern insights into cartography and map-based information exchange (Cybul-
ski and Horbinski, 2020). In other words, the interface must offer adequate capabilities for users
to interpret the map and engage with the information. Therefore, regardless of the application’s
power, it is seen as ineffective if it cannot fulfill the requirements.

5
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There are existing guidelines for conducting user-centered activities. Still, they do not advocate
a specific approach because it involves a flexible and adaptable design approach that considers the
unique needs and preferences of the users. The flexibility and adaptability of the UCD approach
make it a popular choice for projects that intend to tackle real-world problems.

The UCD approach was applied in several projects to create effective web mapping applica-
tions that fulfill user needs. One project (M. H. Tsou and Curran, 2008) applied the five-stage
UCD method (Garrett, 2005) to the functions and content of a web mapping application for the
U.S. Geological Survey (USGS) hydrologic data collection. The authors suggested that following
this five-stage UCD method can assist developers in creating effective web mapping applications
that fulfill the needs of users. Another project (Roth et al., 2015) combined the UCD method
with the Usability and Utility approach (Nielsen, 1993; Holzinger, 2005) for their web mapping
application that visualizes criminal activities in place and time. Overall, in this case study, a suc-
cessful crime-monitoring web application was built. The authors concluded that following the
UCD method is helpful for initial planning and defining the overall goals and objectives of the
project, as well as identifying the specific features and functions that will be included.

Yet another project (Hancock et al., 2022) followed a similar methodology for creating inter-
active web-based atlases for visualizing ecological data. The UCD method was utilized to collect
feedback on the usability and utility stages. The authors stated that continuous feedback from
users during the development process proved invaluable in creating a product that effectively ad-
dressed their needs and desires, ultimately saving time and resources that would have otherwise
been spent on post-release revisions. Additionally, researchers assume the products developed us-
ing user-centered design methodology will increasingly benefit the biodiversity community.

Various citizen science projects collect biodiversity observations, providing researchers and
general users with data. One of these projects is the eBird1 platform, which allows users to analyze
specific bird species. It also provides a hotspot map showing which areas are hotspots of a diversity
of species by performing regional searches. eBird does not use clustering for markers. Instead, it
visualizes using a grid-based representation to indicate the number of markers it contains. As the
user zooms in, more detailed visualization is provided with raster grids of the first 100km and then
20km. A similar approach is also followed by

iNaturalis2, another platform for geodata visualization, employs a similar approach. The size
of the grids changes depending on the zoom level, and markers are shown when it reaches the
high zoom level. This way, it provides a general overview of the regional distribution of species
observations. On the other hand, GBIF3, another important citizen science project, combines
markers as the zoom level decreases to create a single marker, visualizing a bubble map that grows
as more markers merge. Both the eBird and iNaturalist platforms use Google Maps, while GBIF
prefers OpenLayers for its web mapping applications.

There are other web map applications that are built with Leaflet. For example, The Cornell
Lab4, developers of eBird, use Google Maps as their web mapping library for eBird; however, for
their other project, BirdNet5 was built with the leaflet library. BirdNet is a website and mobile
application used to identify bird sounds. Users can upload bird sound recordings, and it analyzes

1https://ebird.org
2https://www.inaturalist.org
3https://www.gbif.org
4https://www.birds.cornell.edu/home/
5https://birdnet.cornell.edu/
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those sounds to determine which bird species they belong to. Instead of creating a complex map,
it shows the location of the uploaded records with a marker at each zoom level.

Another web map application of a citizen science project is OBIS Mapper6. It is a tool offered
by the Ocean Biogeographic Information System (OBIS)7, which is a global platform that collects
and shares marine biodiversity data. After users search for a species, it creates a grid-based repre-
sentation of points, as in eBird. Another project is The IUCN Red List of Threatened Species,
which is a website that provides detailed information on threatened species and includes distribu-
tion maps of these species. Both platforms decided to build their application with Leaflet library.

6https://mapper.obis.org
7https://obis.org
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Chapter 3

Research Method

3.1 RESEARCH DESIGNS

This MSc project combines user-centered design (UCD) and software re-engineering methods to
develop geodata visualization solutions for XC. The UCD method, as outlined in the Elements of
User Experience (Garrett, 2002), is a systematic approach to design that focuses on understanding
the needs and preferences of the users to create products and services that meet their needs. It
involves five stages: strategy, scope, structure, skeleton, and surface. The software re-engineering
method is incorporated into the UCD process to implement the system changes in a structured
and systematic way. The methodology flowchart for project development is shown in Figure 3.1.

Stage 3: Structure

Stage 4: Skeleton

Stage 5: Surface

Conduct reverse engineering

Implement forward engineering

R
e-

en
gi

ne
er

in
g

Choose JavaScript library

Perform usability testing

Define features & functionality

Research question 1 & 2

Research question 4

Research question 3

Gain technology familiarity

Research question 5

Stage 1: Strategy

Analyze questionnaire

Stage 2: Scope

Figure 3.1: Sequential stages in methodology
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3.2 STRATEGY STAGE: ANALYZING THE QUESTIONNAIRE

The strategy phase, as defined in Elements of User Experience (Garrett, 2002), is the first phase of the
UCD process. This section presents a detailed examination of the questionnaire responses to un-
derstand the needs and motivations of Xeno-canto (XC) users. Through the analysis of responses
to the questionnaire, we explore opportunities to enhance the user experience and data explo-
ration capabilities of XC web map applications. The methodology for analyzing the responses to
the questionnaire is mentioned below, and the results are discussed in Section 4.1.

3.2.1 Questionnaire description

The questionnaire was designed and executed in 2020 by a former student with the objective of
getting insights from individuals who had interacted with XC maps. In this context, it success-
fully collected responses from 41 participants. Considering that there is no other research, this
questionnaire presents a unique and invaluable opportunity to gain insight into the needs and
motivations of XC users.

XC is a comprehensive platform that offers various tools and resources, including different
map types that are created for certain purposes. Therefore, the questionnaire was designed in a
way that questions were asked for each map type separately. The former student’s decision was
to divide these maps into five different types, namely (1) Explore region & taxonomy, (2) Upload
recording, (3) Mysteries, (4) User profile, and (5) Forum. Users were asked to provide feedback on
these five map types. In addition, they were asked to share their skills and motivations for using
the XC platform.

The questionnaire consists of five questions for each map type. The first is a multiple-choice
question stating how often this map type is used. Other questions are open-ended questions and
expect a written answer from the participants. The second question asks about the users’ purpose
for using that map type. The third and fourth questions ask about which map elements they like,
which should be kept, and which should be removed. Lastly, for each map type, it asks if they
have any additional comments. Besides, participants also provided input to increase data explo-
ration and analyze capabilities for map types browse-by-region & taxonomy. In addition to
mapping types, the questionnaire also gathered information on users’ web map applications, com-
puter knowledge skills, and overall reasons for using the XC platform. Although a former student
previously conducted the questionnaire, this study represents the first analysis of the responses.

3.2.2 Data analysis approach

An important point that requires emphasis is that the former student grouped browse-by-region
and taxonomy map types under the same question title in the questionnaire. These map types
are, however, used for different purposes. browse-by-region map lets users query a specific
area on the map to display all recordings. On the other hand, taxonomy map type is used as
the general name of the genus species and subspecies map types. And it displays recordings of a
specific genus, species, or subspecies. As a result, browse-by-region and taxonomy maps require
separate consideration as they have different potential for data exploration capabilities. Still, in the
design of the original questionnaire, this distinction was not made, and both browse-by-region
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and taxonomy map types were grouped under the same question title. We think it is unfortunate
because these maps are different in nature. Even though the questionnaire is not well designed
according to separating the map types, conducting a new questionnaire considering the limited
time was not feasible. It would also be unwanted for users to fill out the survey again. Instead, the
responses are analyzed to examine browse-by-region and taxonomy map types separately.

3.2.3 Data analysis

The data analysis process began with the examination of the responses to the user knowledge of
web applications and browsing the internet to understand the users’ familiarity in these areas.
Subsequently, responses to the open-ended question, Why do users use XC? is examined. These
initial steps aimed to understand the knowledge and motivation of users behind the use of XC.
Next, an analysis was conducted on the responses to the question, How often is each map type
used? to determine the frequency of usage for each map type. This question provided respondents
with the option to select from multiple options. Later, the responses to the open-ended questions
regarding the purposes for using each map type, suggestions for map elements to be included or
excluded, and comments were analyzed.

Questions: Knowledge of internet and web map applications of users

The analysis began with the examination of the user’s knowledge of web mapping applications and
browsing the Internet. The participants stated their knowledge level of web mapping applications
and internet browsing on a scale of 1 to 5, with 1 being the lowest and 5 being the highest.

Users rated their knowledge of using web map applications, with 19 individuals considering
themselves highly knowledgeable (rating of 5), 14 rating themselves as good (4), 7 considering their
knowledge average (3), and only 1 person rating her/his knowledge as poor (2). For browsing the
internet, 27 individuals rated themselves as highly knowledgeable (5), 12 rated themselves as good
(4), and 2 individuals considered their skills to be average (3). Figure 3.2 represents this information
in pie charts.

Overall, high numbers of users have strong confidence in using web mapping applications
and browsing the internet. Their proficiency in these areas suggests they can easily comprehend
complex geodata visualization-based solutions.

Question: Why do you use Xeno-canto?

The analysis of responses to the question Why do you use XC? provides an understanding of the
motivation and purpose behind the use of the platform. From a thematic analysis of the open-
ended responses, several common themes emerge.

One prominent theme is the wish to upload & share bird recordings, indicating that users ac-
tively contribute and share their recordings with the XC community. This helps XC to grow with
more and more bird sounds over time. The theme of education & science highlights the platform’s
value as an educational and scientific resource. Researchers and scientists utilize the platform to
study and analyze bird behavior and taxonomic changes, and they can learn about different species,
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Figure 3.2: User knowledge of browsing the internet and using web maps

their distribution, and vocalizations. The theme of listen & compare indicates that users use XC
to listen to bird sounds to compare and identify different vocalizations. Users also utilize XC to
download bird recordings for various purposes, such as creating sound libraries, using them in re-
search, educational projects, or for personal enjoyment. Lastly, the theme of enjoyment points out
that some individuals engage with XC for the pleasure of listening to bird sounds.

Question: How often do you use map types?

To assess the frequency of usage for each selected map type in the XC platform, participants were
asked to indicate their usage frequency on a scale from very frequently to very infrequently.

Analysis shows that the map type browse-by-region and taxonomy is the most commonly
preferred type and is used very frequently by 61.0% of users. It is followed by the upload map type,
preferred very frequently by 46.3% of users. The map types user profile and forum have mod-
erate popularity among users. Some 39% of users use the user profile very frequently or some-
what frequently, while this proportion is 29.3% for the forum. On the other hand, mysteries
has a lower popularity among users. It was used very frequently or somewhat frequently by only
7.3% of users.

In summary, the findings show that browse-by-region, taxonomy and upload map types
are more popular than map types related to the community, such as mysteries, user profile,
and forum. The distribution of responses is shown in Table 3.1.

3.2.4 Map type: Browse-by-region & taxonomy

As mentioned in Section 3.2.2, it is important to highlight that the browse-by-region and
taxonomy map types serve different purposes. Therefore, in our analysis, these map types are
examined separately to increase the interpretation of responses.
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Table 3.1 Responses for frequency of map types

Map type Very Somewhat Occasionally Somewhat Very
frequently frequently infrequently infrequently

Browse-by-region & taxonomy 25 8 7 0 1
Upload 19 11 7 1 3
Mysteries 2 1 7 8 23
User profile 6 10 10 2 13
Forum 8 4 13 2 14

Question 1: “For which purposes do you use these map types?”

Browse-by-region map

browse-by-region is used to search and explore a specific region. Users do this to locate record-
ings, plan birding trips, and assess the diversity of bird species in those areas.

Taxonomy: Species and subspecies map types

Mainly, this map type has been used to analyze the distribution range of species. Another reason
is studying and comparing the vocalization of bird species and subspecies. Users want to com-
pare their recordings with others to understand vocal variations and dialects among different bird
populations. Some users have a firmer scientific background and focus on conducting research
on taxonomy and global biodiversity or on assessing the influence of geographic factors in bird
sounds.

Question 2–3: Which map elements must be kept/left out?

Overall, users expressed satisfaction with the current map elements. However, there was one spe-
cific function that participants found unnecessary and recommended removing, which is the Peg-
man.

Pegman is a special element used in Google Maps, which resembles an orange-colored human
figure (Chandra Mishra and Dutta, 2023). This tool allows users to switch to street view. By
dragging the Pegman icon on the map, users can explore a 360-degree photograph of the selected
location.

Question 4–5: What additional mapping functionality would help you to explore further and analyze the data? & Addi-
tional comments?

Overall improvements

Firstly, participants highlighted the importance of mouse-controlled zooming capabilities and
mobile-friendly map functionality. A smooth and intuitive zooming feature would enhance the
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usability of the map. Furthermore, recordists expressed the desire for a wider range of basemaps,
including options that represent land types and elevation levels. The ability to select among these
options would allow users to customize their map view based on their specific needs and prefer-
ences, enabling a more comprehensive understanding of species distribution and habitats.

Browse-by-region map

Region map type presents a valuable exploration tool for bird species distribution. However, users
have limitations to utilize this map type on mobile devices. Since the current functionality requires
holding the shift button while drawing a bounding box, it is impractical to draw a bounding box
on mobile devices due to the lack of a physical keyboard.

Species map

Participants emphasized the importance of filtering options to facilitate more focused and cus-
tomized data exploration. They recommended incorporating filters based on month or season
and sound type. These filtering options would enable recordists to analyze specific subsets of data,
providing a more targeted and efficient research experience. While it is possible to filter the sound
type using the search bar, users desire to see the sound type on the map. One possible way to
enhance this feature is to utilize a visualization technique on the markers of recordings to indicate
the sound type. In this way, users can read the sound type without making a query. Similarly, fil-
tering results for specific months is possible, but visually representing months or seasonal trends
on the map instead of relying solely on filtering is wanted from users.

In addition, users indicated the importance of toggling map elements such as species ranges or
markers of recordings. This feature would enhance interactivity and provide a more personalized
web map application experience.

Also, while the current map is limited to displaying a single species or a higher-order taxonomic
entity like a genus, there is a strong user interest in having the capability to display multiple species
simultaneously on the map.

Respondents also emphasized the need for a map projection type that facilitates more specific
views. This requirement arises due to the limitations of using the Web Mercator, the default web
map projection. It is a conformal projection that preserves angles and shapes but distorts the area.
Thus, it has difficulties in accurately representing regions like the Polar regions (Battersby et al.,
2014). It is desirable to provide an accurate area representation for citizen science portals focused
on nature observations. Therefore, to accurately represent species distribution in the polar areas,
using a polar-specific projection method helps make more meaningful analyses for users.

3.2.5 Map type: Upload

Question 1: “For which purposes do you use this map type?”

Recordists use upload map type to upload and verify the location of their bird sound recordings.
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Question 2–3: Which map elements must be kept/left out?

The majority of respondents expressed a preference for keeping all map elements intact and sug-
gested leaving out Pegman.

Question 4: Any further comments about this map type?

Many recordists emphasized the importance of zooming in and out using the mouse scroll wheel,
as it offers a convenient and intuitive way to adjust the map view.

3.2.6 Map type: Mysteries

Question 1: “For what purposes do you use this map type?”

The majority of participants indicated that they have never used this map type or do not find it
useful for their needs. However, several participants reported using the map to locate mystery
recordings and explore unidentified sounds in unfamiliar locations. Additionally, some users used
the map to upload their own mystery recordings and search for similar sounds from the same
region.

Question 2–3: Which map elements should be kept or left out?

Users mentioned they do not use this map type frequently enough to have a strong opinion. How-
ever, like other map types, users suggested leaving out Pegman.

Question 4: Any further comments about this map type?

The common suggestion was to make the map more user-friendly by implementing easier zooming
in and out capabilities.

3.2.7 Map type: User profile

Question 1: “For which purposes do you use this map type?”

Primarily, user profile map type is used to gather information about the locations and geo-
graphic coverage of recordings made by a specific user. Users visually explore the distribution of
recordings by a specific user and discover the places that the user has been to desire to learn more
about the visited locations, explore common fieldwork sites, and discover places that have been
visited by the user.

Additionally, user profile is used for managing personal recordings. Users can review their
recording lists, identify any blind spots or areas they are most familiar with in the world, and gain
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a comprehensive view of their recording activities.

Question 2–3: Which map elements must be kept/left out?

As in other answers, leaving out Pegman was suggested. However, users either did not provide a
clear opinion or had not explored this map type.

Question 4: Any further comments about this map type?

First, users emphasized the need for additional statistical information related to recordings, such
as the number of recordings per location or the overall distribution of recordings by the user.
These statistics would provide users with a deeper understanding of their recording patterns. Users
expressed the need for a contact mechanism to enable communication with a recordist via email.
This functionality would enhance collaboration and knowledge sharing among users.

3.2.8 Map Type: Forum

Question 1: “For which purposes do you use this map type?”

The responses indicate that users use this map type to verify the location where a recording was
made.

Question 2–3: Which map elements must be kept/left out?

Users responded as with other map types and found all items useful except Pegman.

Question 4: Any further comments about this map type?

The responses were not detailed, with many users expressing confusion or not answering the ques-
tion, resulting in limited insights.

3.3 SCOPE STAGE: SELECTION OF OPEN-SOURCE JAVASCRIPT WEB MAP LIBRARY AND DEFINING
FEATURES OF XC

The scope phase, as defined in Elements of User Experience (Garrett, 2002), involves determining
the specific requirements and features of the project. This section focuses on assessing the advan-
tages and suitability of free and open-source JavaScript web mapping libraries. During the scope
phase, the first task was to select an open-source JavaScript library that aligns with the goals and
requirements of XC. Besides fulfilling technical and functional requirements, it is also important
to take into account the economic issues highlighted by the XC team. The team pointed out the
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need to move away from the current Google technology to lighten economic burdens. The selec-
tion of the JavaScript library was taken at this stage because we aimed to determine whether the
selected library meets the required functions that would emerge in the subsequent stages.

3.3.1 Selection of the JavaScript Mapping Library

Criteria for library selection

Free and open-source software (FOSS) license is our main criterion for the selection of the library.
This choice is motivated by both economic considerations demanded by XC teams and the desire
to provide users with enhanced customization options.

In recent years, web-based geospatial data visualization has grown rapidly (Milić, 2022). The
emergence of open-source JavaScript mapping libraries has revolutionized the creation of interac-
tive web mapping applications. The use of an open-source library directly impacts the platform’s
sustainability, customizability, and usability (AlMarzouq et al., 2005). Developers now have the
freedom to design and publish their web mapping applications that suit their unique needs with-
out restrictions and financial burdens. Moreover, open-source libraries have the ability to allow
problem-solving and knowledge-sharing within their communities (Newman et al., 2012). The
free accessibility of open-source libraries leads to their widespread use, creating an environment
for sharing ideas and knowledge. Developers can consult with other developers in these commu-
nities and find solutions when they encounter an issue. Furthermore, the dynamic and flourishing
nature of this web ecosystem increases the development of third-party plug-ins. This allows devel-
opers to supply a broader range of functionality (Khitrin, 2017).

When it comes to selecting a free and open-source JavaScript mapping library that can handle
big geodata visualizations without usage limits, there are two options worth considering. These
libraries are Leaflet and OpenLayers (Ledur et al., 2016; Farkas, 2017; Zunino et al., 2020; Gede,
2023).

The most important factor is that Leaflet and OpenLayers are released under the BSD-2 Clause.
This permissive license allows unrestricted use, modification, and distribution without additional
costs (Ballhausen, 2019) and ensures that developers can benefit from their features and capabilities.

Leaflet and OpenLayers are the most popular web mapping libraries, and neither surpasses the
other in every aspect. So, our analysis was not about finding an absolute winner but determining
to what extent the effectiveness of these libraries responds to the specific XC user needs. In this
regard, comparisons were made based on their features, ease of use, performance, documentation,
and community support. Those criteria were chosen because our top priority was meeting user
needs. To do this, first, we compared libraries for supporting all the necessary features. Secondly,
we considered how easy the libraries are to use. Choosing a library that is easy to use allows begin-
ner developers to quickly become proficient. This can result in a more efficient development pro-
cess and also help reduce maintenance time at later stages. Thirdly, we compared their performance
because it is another important factor in sustaining a responsive and interactive user experience,
especially considering a large dataset like XC’s. To keep users engaged, displaying data without
any lag or freezing is crucial. Next, we evaluated the quality of documentation of the libraries.
Documentation is the bridge between the creators of a software library and its users, especially
developers. A well-documented library guarantees that its full potential is fulfilled. Lastly, we
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value having strong community support. A well-supported library is important for troubleshoot-
ing, keeping up-to-date with the latest developments, and ensuring long-term stability. An active
community provides access to valuable knowledge and resources, allowing developers to address
challenges more effectively and efficiently.

Comparison of Leaflet and OpenLayers: features, ease of use, performance, and community support

While the below subsections provide a detailed comparison between Leaflet and OpenLayer, the
selection of the library for implementation is further discussed in Section 4.2.1.

Feature comparison

As a result of analyzing responses to the questionnaire, the features that users expect from XC maps
were determined. To address them, the selected library should support web browser and mobile
compatibility features, offer custom basemaps, different projections, and geocoding services, and
display data in KMZ, KML, and GeoJSON formats.

Leaflet and OpenLayers can function properly on any popular browser, such as Mozilla Fire-
fox, Google Chrome, Safari, Opera, or Microsoft Edge (Leaflet, 2023; OpenLayers, 2023). Addi-
tionally, they are designed to work smoothly on tablets and smartphones and provide accessibility
regardless of device.

The default projection of both libraries is Web Mercator, and neither library provides a default
basemap, but they have the flexibility to select a desired basemap, including commercial and free
map tile providers. The leaflet-providers1 extension has good documentation for free map tile
providers. These basemaps can be used for both libraries by giving credit to the web tile providers.
Users can choose suitable basemaps for their needs, whether they would like to see a road map,
terrain visualization, or satellite imagery. The ability to choose a basemap makes the mapping
experience more personalized and engaging for users.

Both libraries have the ability to work with different projections using the Proj4js2 library.
This integration with Proj4js empowers developers to incorporate and manipulate geospatial data
in a range of coordinate systems and projections within their web mapping applications.

Neither library provides an integrated geocoder, but they can be extended to support geocod-
ing and reverse geocoding by using third-party services. These features are required to obtain the
address information of the selected coordinates when users utilize the upload map for uploading
audio recordings.

The XC API returns distribution ranges in KMZ files. OpenLayers natively supports KML
formats, but working with KMZ files, which are compressed versions of KML, necessitates the
use of a plug-in to unzip them. While Leaflet does not support KML initially, it does have a
plug-in that can directly handle KMZ or KML files. Moving away from Google dependency also
requires transitioning from the KMZ file format. In this case, GeoJSON files provide an alternative
solution to KML and KMZ files. Both libraries provide built-in functionality to handle GeoJSON

1https://leaflet-extras.github.io/leaflet-providers/preview
2http://proj4js.org
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and allow developers to display, style, and interact with geospatial features encoded in GeoJSON.
GeoJSON files may not be the preferred format due to their large size. Instead, it is possible to
use these files in a more compact format by compressing them in .zip format.

Table 3.2 Comparison features: Leaflet vs OpenLayers

Feature Leaflet OpenLayers
Web browser and mobile compatibility Integrated Integrated
Custom basemaps Integrated Integrated
Different projections Via plug-in Integrated
Geocoding services Via Plug-in Via plug-in
Display KML Via plug-in Integrated
Display KMZ Via plug-in Via plug-in
Display GeoJSON Integrated Integrated

In conclusion, the two libraries have similar feature capabilities to address user needs. Open-
Layers has more built-in functions than Leaflet; however, it is also possible to have those features
on Leaflet by getting support from its rich plug-in ecosystem. Therefore, both present effective
options for developers to create customized web mapping applications. Feature comparison for
both libraries is shown in Table 3.2.

Ease of use

In terms of ease of use, Leaflet is known for its simplicity and user-friendly API, making it an ideal
choice for beginners. It provides a straightforward way to create interactive maps with just a few
lines of code (Gong et al., 2019). On the other hand, OpenLayers has a more complex API that can
be challenging to learn for someone who is not familiar with coding (Farkas, 2017). As a result, it
may take more time and effort for developers to learn and get comfortable with OpenLayers than
with Leaflet.

To compare the ease of use and simplicity of Leaflet and OpenLayers showcases3 were created
by implementing a simple map with features that are needed for current map types on XC, such as
marker and pop-up, marker clustering, displaying a KMZ file, and making API call and displaying
markers from GeoJSON response. The goal of those showcases was to compare the required code
to achieve the same functionality in each library. Results showed that the initialization of the map,
marker, and pop-up is straightforward in Leaflet. On the other hand, OpenLayer’s initialization
process has more steps, and the code is more wordy because adding a marker requires creating a
feature, setting its style, and adding it to a vector layer.

Additionally, pop-ups in OpenLayers require creating an overlay and handling click events,
which adds complexity. In Leaflet, marker clustering is achieved using the Leaflet markercluster
plug-in, while OpenLayers supports marker clustering initially without the need for an external
plug-in. With a plug-in, Leaflet provides a more straightforward way to handle KMZ files, but
this introduces a dependency on external plug-ins. On the other hand, OpenLayers has built-in
support for KML files. Leaflet’s approach to fetching and rendering data appears more direct. The
code structure is linear: fetch data, process it, and add it to the map. While OpenLayers involves

3https://onrcrpk.github.io/comparelibs
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more steps: fetch data, process it into features, add features to a source, create a layer from the
source, and then add the layer to the map.

We concluded that both Leaflet and OpenLayers have well-readable and expressive code. How-
ever, the required code to initialize the map with added features is significantly shorter and more
straightforward in Leaflet in every case that we looked at. This is because OpenLayers does not
provide default values for its variables, so developers need to explicitly specify them in their code.
This leads to longer and more verbose code in OpenLayers. For developers who seek a library that
prioritizes simplicity, Leaflet offers a more straightforward and beginner-friendly experience than
OpenLayers. However, it is worth noting that OpenLayers inherently provides more advanced
capabilities, making it more customizable without needing third-party plug-ins. This can be ad-
vantageous for projects that require a more extensive set of built-in features right from the start.
The conclusion addresses the trade-off between starting simple and using plug-ins to advance the
capabilities or starting more with a more complex code base to not depend on plug-ins.

Performance

When it comes to rendering performance, both Leaflet and OpenLayers offer smooth map inter-
actions.

One aspect of comparing performance is the size of libraries. Leaflet has a smaller core file size
than OpenLayers. For instance, the current JavaScript file of Leaflet version 1.9.4 is about 148 kB,
while OpenLayers version 8.2.0 is around 800 kB. The size difference is primarily due to the latter
having a more extensive set of initial features and functions, while Leaflet relies on third-party plug-
ins to extend its capabilities. For example, OpenLayers supports various geospatial data formats,
drag-and-drop, or advanced drawing features without the need for additional plug-ins, but Leaflet
uses plug-ins to support those features. This plug-in based architecture of Leaflet allows developers
to pick and choose the functions they need, keeping the core library lightweight. On the other
hand, OpenLayers initially provides a wide variety of functions.

Currently, there are approximately 750,000 recordings on XC, and this number continues to
increase. Although it is not necessary to show all those recordings for most scenarios, Leaflet or
OpenLayers do not have the capacity to display such a large number of recordings in a single map.
A study by Netek et al., 2019 expresses that Leaflet can handle up to 100,000 while OpenLayers can
handle up to 500,000 points. The study also provides a website4 for conducting these experiments.
The information provided in this study might have been accurate at the time of its publication in
2019. However, in recent testing on their showcase, it was observed that Leaflet could successfully
cluster 250,000 points. Though it took around 1 minute to load, it worked smoothly afterward.
Additionally, even with 500,000 points, though it took approximately 3 minutes to load, the map
worked smoothly afterward. This suggests that advancements in communication and computing
technology and web mapping library optimizations have progressed in handling larger datasets.

Regarding the XC API, the maximum number of recordings displayed for the browse-by-region
map type is limited to 2,000. There is no limit to displaying the number of markers for the
taxonomy map types. The genus with the highest number of records contains about 8,000 records,
while a single species has maximally about 2,500 records. When comparing the performance of
Leaflet and OpenLayers, they are similar for the first 10,000 points. According to the study, Leaflet

4https://geoinformatics.upol.cz/app/bigdata/
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renders the data at an average of 1572 ms, while OpenLayers renders an average of 1388 ms. The
performance of libraries depends on technological improvements. Libraries themselves and hard-
ware capabilities are also affecting this, and they are constantly changing. We can assume this
performance will improve in the future.

Documentation & community support

Comprehensive documentation and an active community can provide productivity, assistance,
knowledge sharing, and collaboration opportunities.

Documentation

Documentation plays a vital role in guiding developers by helping them use the library with ease.
Both libraries have extensive documentation to explain their functions and features. They provide
a quick start guide, documentation for their API, and tutorials of their functions and features
with an interactive demo. They also address common user concerns through the FAQ section.
Furthermore, both prioritize backward compatibility through documentation for their older API
versions.

Leaflet suggests starting by simply introducing its HTML tag to the page and then setting up
the map. On the other hand, OpenLayers encourages developers to use the npm package manager
and Node.js5 environments, which may require more time and effort to comprehend for those
unfamiliar with this technology. Both libraries provide example usage with final maps and their
implementation code. Overall, the extensive documentation provided by both Leaflet and Open-
Layers empowers developers to use the full potential of these libraries.

Community support

To assess the size and activity of the communities, we can analyze various indicators such as
GitHub and StackOverflow statistics.

Table 3.3 GitHub repository information (as of November 2023)

Repository Stars Forks Contributors Watchers
Leaflet 39,000 5,800 800 900
OpenLayers 10,500 3,000 350 400

The GitHub statistics demonstrate that Leaflet has a more extensive and engaged community
relative to OpenLayers. The increased number of stars, forks, and contributors suggests interest
and involvement among developers.

Leaflet displays a higher number of questions on Stack Overflow, potentially indicating a
broader community and more widespread usage. A high number of questions may also indicate
the difficulty of the library. To investigate this, StackExchange Data Explorer is used to extract

5https://nodejs.org/en
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Table 3.4 Number of StackOverflow Questions (as of November 2023)

Library Questions
Leaflet 14,000
OpenLayers 5,100
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an overview of the number of questions for the last decade. Figure 3.3 shows that while there
were more questions for OpenLayers in 2013, they were on a declining trend until 2017. On the
other hand, Leaflet encounters more and more questions every year until 2017. Then, it continues
with a fluctuating graph. Since Leaflet was created in 2011, it may have reached more and more
users every year. On the other hand, OpenLayers was already more mature and stable since it was
founded in 2005. This comparison shows that while the number of questions fluctuates over time,
Leaflet gets about three times more questions overall than OpenLayers on StackOverflow. This
high number of questions does not mean that Leaflet is harder to use than OpenLayers because
when we examine the questions and their tags on StackOverflow, it shows that the questions were
more about the use of the library with other frameworks, such as Vue, Angular, or React, than on
basic use of the library. Considering the GitHub data, it can be concluded that Leaflet has a more
active community and users.

3.3.2 Introduction to Xeno-canto: web mapping applications

This chapter explores web mapping applications within XC, providing comprehensive documen-
tation for each map type. Map types and APIs are introduced briefly. A code-wise analysis of those
map types and APIs is presented in Chapter 3.4. Results are discussed in Section 4.2.2.

Introduction of map types of XC

Xeno-canto is a collaborative online database and community platform for sharing bird sounds
globally. Over time, this collective effort has resulted in a valuable resource for ornithologists,
researchers, and anyone interested in bird vocalizations. In 2023, the XC platform enhanced its
scope by involving grasshoppers and bats sounds in the portal. However, this study’s focus is only
on bird species.

The homepage of XC provides a toolbar menu that allows users to navigate and select their
desired map type. Within the portal, there are eight different sections where users interact with a
map. These map types have distinctive features and serve different purposes. Figure 3.4 demon-
strates eight map types, representing their relative positions on the toolbar. According to the
questionnaire responses, the first five map types are favored by users. Additionally, when we ex-
amine the available map types, the first four map types offer more potential for data exploration
and analysis.

Configuration and customization of map

This section covers the core features of all map types. The similarities among all web map appli-
cations in XC include the use of the Web Mercator projection, the availability of two basemaps (a
street map and satellite view from Google Maps), the inclusion of common map features such as
zoom controls and a full-screen setting, and access to the Xeno-canto API v2.
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Figure 3.4: Demonstration of eight map types on XC

Map projection

The Web Mercator projection is employed across maps within the XC portal. It’s worth noting
that the portal only utilizes this projection and does not provide alternative projection options.
The Web Mercator projection, also known as Google Web Mercator, became a standard for web
mapping applications when it was adopted by Google Maps in 2005 (Battersby et al., 2014). While
this projection is widely adopted in web map technology, it can distort geographical features, par-
ticularly in the polar regions (Farkas, 2017). This distortion exaggerates the apparent size of polar
regions, resulting in a visual representation where these regions appear larger than their actual
size. For example, Greenland appears much larger on a Web Mercator map than it actually is in
relation to continents like Africa (Battersby et al., 2014). To address this, an alternative projection
specifically tailored for these regions should be offered to enhance the maps in such areas.

XC contains recordings from all around the world, including polar regions. The Arctic Circle
is defined as the latitude at which the sun does not set at the summer solstice and does not rise at
the winter solstice. Although the exact location of the Arctic Circle changes slightly over time, its
approximate location is 66 degrees, 34 minutes North, or 60 degrees (Varnajot, 2019). Similarly,
the Antarctic Circle, defining the boundary of the Antarctic region, is approximately located at
66 degrees, 34 minutes South. In defining north polar species, our criteria included species ranges
extending northwards of 60°N but not below 45°N. This specific threshold of 45°N was chosen
not to include species with wide ranges, ensuring that our criteria included only those found in
the Arctic region. Applying a similar logic for the south polar species, we considered those whose
ranges extend southwards of 60°S but not above 45°S. There are 27 species inside the Arctic Circle.
In the Antarctic Circle, there are three species in the XC database. 26 species have ranges in the
south or north pole, but they also have ranges outside of those areas. By exploring alternative
projections, XC has the opportunity to improve the accuracy and reliability of analyses conducted
in these regions. Table 3.5 shows the species at the north pole and south pole and species with vast
ranges.
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Table 3.5 List of English names of bird species classified by Arctic, Antarctic, and Vast-range
regions

Arctic Region Antarctic Region Vast-Range
Tundra Bean Goose South Polar Skua Grey Plover

Brant Goose Emperor Penguin Bar-tailed Godwit
Greater White-fronted Goose Antarctic Shag Ruddy Turnstone

Rock Sandpiper Red Knot
Glaucous Gull Sanderling
Iceland Gull Broad-billed Sandpiper
Little Auk Curlew Sandpiper

Arctic Redpoll Pacific Golden Plover
Yellow-billed Loon American Golden Plover

Steller’s Eider Bristle-thighed Curlew
Spectacled Eider Eskimo Curlew

King Eider Slender-billed Curlew
Emperor Goose Great Knot

Lesser White-fronted Goose Temminck’s Stint
Pink-footed Goose Red-necked Stint

Little Curlew Baird’s Sandpiper
Surfbird Little Stint

Sharp-tailed Sandpiper White-rumped Sandpiper
Purple Sandpiper Buff-breasted Sandpiper

Ivory Gull Western Sandpiper
Ross’s Gull Long-billed Dowitcher
Great Skua Red Phalarope

Red-breasted Goose Wandering Tattler
Barnacle Goose Spotted Redshank

Siberian Nuthatch Harris’s Sparrow
Scottish Crossbill Spoon-billed Sandpiper
McKay’s Bunting
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Map basemaps

Regarding basemaps, two primary options are offered to users. First, the Google Maps default
street map with an additional terrain option to highlight hills, mountains, and other physical
features of the landscape. This option can be toggled as wished. Second, XC offers a satellite view,
both with and without labels, providing aerial imagery. The basemap switch button is placed on
the top left.

Map features

Zoom functionality using a mouse wheel is not allowed for any map type. Instead, users can
zoom in using the zoom control buttons at the bottom right of the map or double-clicking the
left mouse button. However, as outlined in Section 3.2.4, users highly desire to navigate the map
with a mouse wheel. Inversely, Pegman is available for all maps, but users found it unnecessary.
Additionally, the platform provides a full-screen button at the top-right of the map.

Xeno-canto API v2

The XC platform has provided a comprehensive RESTful JSON-based API since 2013. This API
empowers users with custom queries that allow them to filter their searches based on more than
37 parameters. Whether researchers want to explore the calls of certain species, their behavior at
different life stages, or temporal variations in vocalizations over time, the API gives them the power
to filter their queries as they wish. This enables applications ranging from ecological research to
educational tools showcasing bird vocalizations’ rich diversity.

API for pop-up content

When a user clicks on the marker, it brings a pop-up. This pop-up’s content is generated by the
API, which delivers HTML code to compose the pop-up’s contents. The pop-up consists of the
id of the recording, a download button, licensing information, an image of a sonogram, an em-
bedded audio player, species and recordist name, and location. ID serves as a unique identifier for
the specific recording, allowing users to reference or share the recording. The download button
allows users to download the recording file to obtain the audio for further analysis or personal use.
Licensing information shows availability under Creative Commons licenses. Sonograms visualize
the frequency and time characteristics of the sound. The audio player allows users to play the
recording directly without having to download it. Figure 3.5 demonstrates the pop-up content.

Browse-by-region map

Region map type allows users to explore bird recordings coming from specific geographic areas
and study the distribution of bird species in different regions. Users draw a bounding box over
the map to select a region of interest. After executing a query, the results are displayed below the
map, indicating the number of recordings and unique species. Users can click on the summary
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Figure 3.5: Demonstration of a pop-up

Figure 3.6: Query on a Netherlands’ region

and can access the list of recordings. This list of recordings can be further filtered by using the
xeno-canto API v2 through the search bar located below the map. This feature enables users to
filter their search based on their preferences. Once a marker is clicked, a pop-up is provided with
the AjaxPlayer API. In Figure 3.6, a visual demonstration of the browse-by-region map type is
presented. The left image shows a bounding box drawn over some Netherlands’ region, while the
right image shows the results of the query.

Explore by Taxonomy: genus, species and subspecies map types

The taxonomy map type provides a taxonomic list from genus to subspecies level. Users can follow
the family tree by clicking on the list. Creating a map is possible for genus, species, or subspecies
levels. Unlike the browse-by-region, taxonomy maps do not employ marker clustering. In-
stead, each recording is shown through individual markers. When a user clicks on a marker, a
pop-up displays content retrieved from the AjaxPlayer API. Additionally, a legend is provided to
display the different species or subspecies on the right side. Their marker color, English name,
and scientific name are shown in the legend.

In the existing XC approach, each marker is assigned a PNG image. There are 25 set markers,
with 23 of them for subspecies and 2 of them for background sounds and subspecies not specified,
respectively. Figure 3.7 displays the PNG images used as markers by XC.
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Figure 3.7: PNG images for specific and unspecified subspecies, and background sound

It is important to mention that the XC database contains order information only for the species
level. Thus, the order of species on the genus map is ordered based on this; however, the order of
the subspecies on the species map is based on alphabetical order.

Figure 3.8: Demonstration of genus map type for genus Anser

Genus map The genus map type only shows recordings belonging to a particular genus of birds.
It displays recordings individually marker and assigns different colors to different species. The
filtering function and species ranges are not provided for this map type. Below the map, the list of
recordings is provided. We would like to point out that currently, it faces problems when dealing
with similar genus names, which leads to inaccuracy in the data presented. Some of the genus
names are quite similar. For example, the genera anser and anseranas are different genera, but their
names have a similar formation. As shown in Figure 3.8, the current genus map for anser shows
recordings for anseranas as well.

Species map Species map provides valuable information to ornithologists, ecologists, bird
watchers, and researchers interested in birds and their sounds. Users use this map to explore
bird sounds, study bird behavior, or view the distribution range of a particular species or sub-
species. After a user selects a bird species from the provided family tree list, if there is subspecies
information, markers are assigned colors based on their alphabetic order of subspecies. If there
is no subspecies information for a specimen, it shows as no subspecies specified with a gray color.
This brings two issues, first, the markers do not provide insights by their colors, and secondly, it
wrongly labels the monotypic species as no subspecies specified with a gray color.
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Figure 3.9: Demonstration of Geoffroyus geoffroyi

The map’s initial view is determined by the locations of the records. If the recorded locations
are close to each other, the map will zoom in on that particular area without considering the
distribution range. In this case, users need to zoom out manually if they wish to view the entire
distribution range.

The current assigning markers system first checks whether there is a nominate subspecies or
not. If there is, it gives the first marker (red) to that subspecies, and then the rest get the markers
in alphabetic order.

The most prominent feature of this map type is to provide a distribution range map for species
with the use of KMZ files that are provided by XC. Distribution ranges are categorized as having
resident, breeding, non-breeding, passage, and uncertain range parts. It is worth noting that it is
not possible to toggle this layer.

Similarly to the browse-by-region map type, the filtering function is provided below the
map. In this way, it is possible to perform the same queries for species map types as well.
Moreover, connection information to other websites, such as eBird and Avibase, is provided about
species or subspecies.

Subspecies map Subspecies map type is a sub-section of a species map type.

Sometimes, a subspecies is named identically to its species. In this case, these subspecies are
considered as nominate subspecies. The nominate subspecies always get a red marker. But for
other subspecies, the colors do not keep their constancy between species and subspecies map types.
When selection is made, this marker is shown as the first possible marker, red or orange.

For instance, Figure 3.9 shows the Geoffroyus geoffroyi. The nominate subspecies geoffroyi is
assigned with red colors, and then the rest gets the marker in alphabetical order. For example,
if users make a selection for the subspecies Geoffroyus geoffroyi cyanicollis, they will arrive at the
map shown in Figure 3.10. Despite the subspecies cyanicollis being yellow on the species map, its
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Figure 3.10: Demonstration of Geoffroyus geoffroyi cyanicollis

markers change to orange on the subspecies map.

Upload map

Users apply this map type to select and determine the coordinates of their recording while upload-
ing it to the platform. When a point is selected on the map, the coordinates, address, and altitude
of the selected location are displayed on the page. For this purpose, the upload map utilizes the
reverse geocoding and elevation API of the Google Maps API to obtain the coordinates, address,
and elevation of a selected point on the map. Reverse geocoding is a process that converts geo-
graphic coordinates into a human-readable address (Kounadi et al., 2013). Additionally, forward
geocoding is provided by the search bar to zoom in on specific locations. Forward geocoding is a
process that transforms a written address or a place name into geographic coordinates (Cambon
et al., 2021). This feature is important for users who may only know the name of a location or have
a specific address but not its coordinates. Users can search for a country, city, or well-known place
to locate it on the map. Besides, users can discover nearby recordings by zooming into specific
areas on the map.

Forum map

Forum is where users can discuss various topics. Forum is used to share knowledge and help others
rather than data visualization. Users often post their recordings of unknown species and ask for
clarification. As shown in Figure 3.12, users can comment on posts to share their thoughts. They
can also create posts related to issues or requests about the website, map, taxonomy of recording,
hardware, or software.

While users are discussing a particular recording, a map shows with a red marker where the
recording was made. The pop-up of the marker shows the location details. Furthermore, if the
species of recording is known, it also displays distribution ranges, which aids in assessing whether
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Figure 3.11: Demonstration of upload map type

the recording is in the expected region. However, the map does not provide a legend.

Mysteries map

This map type displays recordings with unknown species to seek help and contribute to identifying
bird species. As a default function, it brings all the mystery recordings during the last 365 days.
The map employs a clustering technique for its markers. The XC API function for pop-ups is also
employed in this map type. Filtering with the XC API makes it possible to define and execute a
more customized query.

User profile map

Each recordist has her/his own page that contains information about recordings made. In this
section, the map shows the recordings of a specific user. It brings recordings and displays with
marker clusters. This type of map also utilizes the XC API for generating pop-ups. Filtering with
the XC API makes it possible to make a more customized query.
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Figure 3.12: Demonstration of Forum: discussion about unknown species

Figure 3.13: Demonstration of mysteries map type
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Figure 3.14: Demonstration of user profile map type

3.4 STRUCTURE STAGE: ANALYSIS OF THE CODE BASE OF XC

In the UCD process, as described in the book Elements of User Experience (Garrett, 2002), the
structure stage involves organizing the components of the system. In this section, we conduct a
deeper analysis of the code base of web map applications and APIs. A reverse engineering approach
is applied to the XC codebase to understand its functions and remove dependency on Google Maps
technology.

The code base for Xeno-canto is hosted on GitLab6 and operates within a Docker environment.
As of the latest version, which is named develop, the GitLab repository contains all the necessary
files and documentation to set up the development environment.

The XC code base consists of 171 PHP files. These PHP files handle various aspects of the
web page and map applications, including the generation of HTML code, controlling web pages,
and handling back-end operations. In this study, we only focus on the files that are needed for the
generation and use of web mapping applications. Figure 3.15 shows the specific PHP files we have
modified.

3.4.1 Files that generate core map features

There are core map features that are responsible for generating HTML web pages and map content.
By stating core map features, we refer to the key elements that users interact with when exploring
maps. These components encompass the underlying code necessary for generating HTML pages,
integrating CSS and JavaScript files into the web interface, and facilitating API calls.

6https://gitlab.com/naturalis/bii/xenocanto/xeno-canto
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Figure 3.15: Overview of PHP scripts for application infrastructure and for each map type
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BaseTemplate.php script

The code of BaseTemplate.php generates the overall structure of an XC web page. It takes con-
tent and parameters as input and constructs the complete HTML page using the necessary CSS
tags. It also generates the header of the web page, including the site’s logo, quick search bar, and
main menu. Moreover, it includes footer information, such as links to social media, language op-
tions, and copyright details. Lastly, It includes JavaScript files required for various functionalities,
such as jQuery (for handling dynamic interaction and various UI elements) and jPlayer (for audio
player).

Map.php script

The code of Map.php is responsible for processing database results into map markers with specifi-
cations and providing the necessary JavaScript code for map functionality and interactions. While
this file manages map-related tasks, it does not directly perform database queries; instead, its role
involves processing database results and converting them into map markers. It structures database
results in a format that can be used to create markers via JavaScript on the client side.

Recordings.php script

Starting in 2013, XC offered an extensive RESTful API that uses JSON. It is named Xeno-canto
API v27 and enables users to filter their searches using over 37 parameters. Its primary pur-
pose is to provide functionality for searching and retrieving bird sound recordings from the XC
database through a RESTful API. It’s called when users make API requests to search for record-
ings. An example of a query API call for adult male recordings in the Netherlands in the month
of June for instance is: https://xeno-canto.org/api/2/recordings?query=cnt:netherlands+
sex:male+stage:adult+month:6

Recordings.php interacts with the database to fetch and respond to bird sound recordings.
The code PHP file defines three functions. First, the search function checks for the user-generated
queries and validates the page number against the total number of result pages available. It per-
forms a query execution based on the given parameters and handles possible database errors when
an API request for recordings is received. The query refers to the user’s search request, which the
function uses to ask the database for specific recordings matching the user’s criteria. The results
of these queries are encoded as JSON objects and form the basis of the response, providing users
with essential information such as the total count of recordings, species count, pagination details,
and an array containing recordings.

Secondly, the recordingObject function assigns values to 37 parameters, including links for
different sonograms, and provides information about the license of the recording. The function’s
purpose is to structure the recording data for the response. A parameter, in this context, refers to
a query filter, while its value corresponds to the specific criteria users wish to apply. This function
is called when constructing the response object for a specific bird sound recording. It organizes
the data in a structured format for presentation to users.

7https://xeno-canto.org/explore/api
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Lastly, the showRecording function finds a recording using its unique xcid to retrieve detailed
information about a single bird recording. When the recording is located, it provides its details.
When the recording is found in the database, the function provides details, including both metadata
about the recording and links to the audio file. When not, it indicates that the recording wasn’t
found.

The 37 parameters that can be queried are shown in Table 3.6. These parameters are used as
query criteria when users search for bird sound recordings using the XC API. They are not created
by the functions; rather, they are predefined attributes that users can use to filter their searches.

Table 3.6 Parameters for filtering sound recordings via the Xeno-Canto API

Paramethers Description Paramethers Description

id the catalogue number of the recording on xeno-canto file-name the original file name of the audio file

gen the generic name of the species sono the urls to the four versions of sonograms

sp the specific name of the species osci the urls to the three versions of oscillograms

ssp the subspecies name lic the URL describing the license of this recording

group the group to which the species belongs q  the quality rating for the recording

en the English name of the species length the length of the recording (minutes:seconds)

rec the name of the recordist time the time of day that the recording was made

cnt the country where the recording was made date the date that the recording was made

loc the name of the locality uploaded the date that the recording was uploaded to xeno-canto

lat the latitude of the recording in decimal coordinates also an array with the identified background species

lng the longitude of the recording in decimal coordinates rmk additional remarks by the recordist

type the sound type of the recording (call, song, etc  ) bird-seen indicates whether bird seen or not

sex the sex of the animal animal-seen indicates whether animal seen or not

stage the life stage of the animal (adult, juvenile, etc.) playback-used indicates whether playback used or not

method the recording method (field recording, in the hand, etc.) temperature temperature during recording

url the URL specifying the details of this recording regnr registration number of specimen 

file the URL to the audio file auto automatic (non-supervised) recording

dvc recording device used smp sample rate (Hz)

mic microphone used

For greater flexibility, there are five additional parameters. The Area parameter facilitates ge-
ographical searches, permitting users to focus on specific regions such as Africa, America, Asia,
Australia, and Europe. By utilizing the since parameter, users can discover recordings uploaded
after a given date, with support for both integer values (e.g., since:3 for the past three days) and
dates in YYYY-MM-DD format (For example, 2023-09-16). The year and month parameters enable
searches for recordings created on particular dates, even accommodating > (after) and < (before)
operators. Developers have stated that they will not change or delete the current response prop-
erties to guarantee compatibility with earlier versions. By existing response properties, we refer to
the specific attributes and features within the software that are currently in use and will remain
unchanged.

AjaxPlayer.php script

AjaxPlayer.php is responsible for handling AJAX (Asynchronous JavaScript and XML) requests
for the media player. When a request is made to this endpoint with a given nr, it returns an HTML
snippet that embeds a player for that recording. This HTML code creates the pop-up content.

Query.php script

This PHP code is designed to handle complex queries on data. Its primary function is to create
and execute structured queries against a database, retrieving information based on search criteria.
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This file actually queries the database. Other PHP files set up these requests, but it’s actually the
Query.php script that retrieves the information from the database.

xc-map.js script

This JavaScript code provides a comprehensive framework for integrating and customizing the
Google Maps API. It facilitates the creation and management of map instances, markers, and in-
formation windows, with special features for handling media playback and marker clustering. It
manages multimedia pop-up content for each marker, ensuring users can access the pop-up content
generated by AjaxPlayer.PHP. This code also incorporates KML layers into the map to display
species ranges. The marker clustering is also performed in this code.

3.4.2 Code-wise analysis map types: Browse-by-region, genus, species, subspecies and upload map types

Browse-by-region map

Two PHP files are used to generate the browse-by-region map type: RegionResults.php
and BrowseRegion.php. The HTML code for this page, the division for map-canvas, and the
JavaScript code for getting bounds and making a query on the basis of API calls are generated by
BrowseRegion.php. The code defines the queryBounds(bnds, query) function. This function calls
the API using the corner coordinates of the bounding box drawn by the user and displays the re-
sults on Google Maps. Once the region is chosen, recordings in that area will be shown on the
map with a marker clustering technique.

The color of the markers corresponds to the frequency of recordings: blue for 2 to 9 recordings,
yellow for 10 to 99 recordings, and red for more than 99 recordings. Different levels of markers
are demonstrated in Figure 3.16.

Markers of single recordings are a single red dot. Notably, XC developers have set a limit to
show only the first 2,000 recordings on the map.

An API call for this map type is generated by the api/RegionResults.php.8 RegionResults.php
defines a public function get() which is responsible for processing HTTP GET requests. It is re-
sponsible for fetching and summarizing the XC database based on a set of coordinates and an
optional query filter. This function takes five input parameters: yn, ys, xw, xe, and query. These
parameters represent the latitude and longitude boundaries of a bounding box (yn: latitude max,
ys: latitude min, xw: longitude min, xe: longitude max) and a search query for filtering the results.
Finally, the function compiles a summary of the results, including marker specifications, markers
information, and the summary of the results. The responses are formatted as JSON.

For example, to make a query on the Enschede region, the API URL is shown as: https://
xeno-canto.org/api/internal/region-results?yn=52.269&xe=6.713&ys=51.653&xw=5.663&query=

In this example, we are searching for bird recordings within the specified geographical coordi-
nates (Enschede area). This query will return recordings that match within the defined geograph-

8https://gitlab.com/naturalis/bii/xenocanto/xeno-canto/-/blob/develop/xc/
Controllers/api/RegionResults.php
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Figure 3.16: Demonstration of different frequency of markers

ical region. The output is returned in JSON format, and it gives three results, which are specs that
define the marker icon and size, markers holding information that includes coordinates and names,
and summary that provides the total number of species and recordings.

Below the map, query functionality is provided with the search bar. Through this, users can
filter results by additional query parameters such as country, coordinates, altitude, type of call,
sex, quality, length, date, and time.

Genus map

GenusProfile.php creates a <div> with the id of map-canvas to be the container for Google
Maps. It accesses the database to get taxonomic details of the genus. It brings up details such as
the genus’ associated order and family. GenusProfile.php’s main task is to create a visual map
that associates bird sound recordings with the genus they belong to. The getLegendVfunc function
creates the description of the map. It creates an HTML list detailing each species within the genus,
complete with common and scientific names and links to relevant profiles.

Species and subspecies map types

Species and subspecies map types are generated in the same code. Selecting subspecies in the
species map triggers the display of a subspecies map. This map type focuses specifically on
subspecies within a broader taxonomic category.

SpeciesProfile.php creates a <div> with the id of map-canvas to be the container for
Google Maps. API call for this map type is generated by the Recordings.php. SpeciesProfileMap.php
is focused on visualizing bird sound recordings on the subspecies map. It plays a role in distin-
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guishing records according to their taxonomic classification, displaying different markers for fore-
ground species, background species, and those not designated to a particular subspecies. When a
user accesses a species profile, this script is called to manage the map’s description via the getLegend-
Vfunc function to generate the legend. This function creates a custom HTML legend by arranging
pointers, subspecies names, and taxonomic authors in alphabetical order.

Upload map

UploadStepLocation.php creates a <div> with the id of map-canvas to be the container for
Google Maps. When users get a higher zoom level than 6, they can see the recordings that have
been recorded in that region before. LocationSearch.php responsible for fetching these record-
ings’ data.

Address information is obtained based on its latitude and longitude coordinates using the
Google Maps Geocoder service. The code first extracts the country and its short name (country
code) from the geocoding results using the getAddressComponentType function. Next, the code
checks for more specific location details. It attempts to find a locality that often represents the city
or town. If a locality is available, it is stored in the locality variable. Then, the code searches for
specific types of location details like natural features, establishments, and parks in the geocoding
results. If none of these specific types are found, it resorts to using an administrative area level 3
component. This administrative level typically refers to a subdivision of a geographical area that is
smaller than a state or province but larger than a locality or city. Additionally, the code checks for
and appends administrative area level 2 (county) and administrative area level 1 (state) if present.

3.5 SKELETON STAGE: FORWARD ENGINEERING APPROACH

Within the scope of this project, referring to the insights provided in Elements of User Experience
(Garrett, 2002), the skeleton phase is characterized by the application of an advanced engineer-
ing approach. This involves the practical application of the knowledge gained from the previous
stages to the actual development and improvement of the user interface for the XC project. This
section describes the implementation of the forward engineering approach. Results are discussed
in Section 4.3.

3.5.1 Introduction

The XC platform makes use of eight different map types. Our aim is to leverage the strengths of
these map types to maximize user experience and data exploration capabilities. However, given
the timeline of this project, it was not feasible to build a different web map application for each.
Therefore, the scope of this project is narrowed to cover five map types, such as:

1. Browse region

2. Genus

3. Species
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4. Subspecies

5. Upload

The reasons for choosing these map types include user preferences and the functions that the
maps have. The results of the questionnaire indicate that users have strong preferences for these
map types. Additionally, they offer more data exploration opportunities compared to other map
types. Due to their popularity and functionality, our study prioritized these map types. In partic-
ular, we made special efforts to create the species map type. We think it is the most important
map type because it provides visual and spatial context to sound data, allowing users to under-
stand the geographic distribution of bird species. This is important for studies on bird behavior,
distribution, migration patterns, conversation, and biodiversity assessments.

3.5.2 Map core configuration and customization

The lightweight nature of Leaflet allows for easy integration of necessary plug-ins. Following the
current architectural framework, we placed the JavaScript HTML tag links of the plug-ins in the
Map.php script. The CSS files of these plug-ins are integrated into BaseTemplate.php.

In the initial configuration and customization of the maps, plug-ins that provide additional
functionality and aesthetic improvements were used to address the specific needs of the maps.
Each plug-in has a unique role in the map’s functionality. Firstly, Leaflet is the fundamental li-
brary for building interactive maps. The L.fullscreen plug-in is integrated to allow for a full-screen
map view. L.switchBasemap is used to enhance the user interface by offering a visually appealing
method to toggle between basemaps. Enhancements such as clustering markers and providing a
drawing bounding box with a button for browse-by-region are achieved with the L.markercluster
and Leaflet.draw plug-ins. The leaflet-control-geocoder plug-in is used to add a feature to let users
search for places and addresses right on the map. Additionally, to optimize performance and effi-
ciency, our GeoJSON files are stored in a compressed zip format. To extract the contents of these
zipped GeoJSON files, the JSZIP plug-in is used. Chroma.js is utilized to arrange distinct colors
to genus level species ranges in Genus map. Lastly, we created a separate JavaScript file for each of
the map types. HTML tags of these JavaScript files and CSS files are also included in the header.
The plug-ins used are shown in Table 3.7.

Table 3.7 Description of Leaflet plug-ins used in map customization

Plug-in Description
Leaflet9 Core library for building interactive maps
Leaflet.fullscreen10 Allows for a full-screen map view
L.switchBasemap11 Allows users to toggle between different basemaps
Leaflet.markercluster12 Clusters markers
Leaflet.draw13 Enables drawing and editing of vector layers on the map
Leaflet-control-geocoder14 Adds a search function to find places on the map
JSZIP15 Handles the decompression of GeoJSON files
Chroma.js16 Makes color conversions and color scales

In configuring the Leaflet map, we first initialize the map instance by setting its view to coor-
dinates [35, 15] and a zoom level of 2, which provides a global perspective. This initialization is
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applied to our HTML element.

In Leaflet, when users zoom out on the map, they will see multiple copies of the world map
next to each other. By setting the worldCopyJump feature to true, we ensure that the basemaps
appear continuous. Instead of reaching an edge, users seamlessly transition from one side of the
map to the other. The northern and southern borders of the map are defined as borders. To
prevent users from exceeding these limits, the maxBounds variable is set to [-90, -Infinity], [90,
Infinity]. This arrangement prevents moving outside the boundaries of the map when using the
zoom and/or pan functions and keeps users always engaged with the map.

In Leaflet, the default position for the zoom control buttons is the upper left corner. In the
current maps, however, those buttons are placed in the bottom right corner. To maintain the
familiarity of XC users, we place the zoom control buttons in the bottom right corner. In the
same manner, the full-screen button is placed in the top right position of the map. Finally, even
though current maps do not provide a scale, we set a scale in the bottom right. To support the
global usage of XC, both metric and imperial units are shown.

In the current XC platform, users have the ability to zoom in and out using zoom buttons or
by double-clicking. Responses to the questionnaire, however, revealed a demand for the ability to
zoom using the mouse wheel. The mouse wheel zoom is particularly important as it provides a
quick and intuitive way to control the map view.

To improve user experience, we provide users with a visually appealing basemap switch button
to change between basemaps. Additionally, as mentioned in Section 3.3.2, we increased the num-
ber of basemaps offered. We selected five diverse basemaps: Terrain, OpenTopo, Satellite, OSM,
and GBIF. Each basemap offers unique visual features that cater to different user needs and pref-
erences. The WorldStreetMap17 and WorldTopoMap18 basemaps present a comprehensive street
map, providing detailed information on roads and key landmarks. They provide a rich represen-
tation of the Earth’s surface, including information on roads, key landmarks, and topographical
variations. Additionally, WorldTopoMap provides elevation information. Satellite19 basemap pro-
vides an aerial view of the earth’s surface, allowing users to explore bird habitats with real-world
visualization. The OpenStreetMap20 basemap provides detailed maps, supporting users in precise
navigation and location identification. Finally, the GBIF- Geyser21 basemap has been selected for
its minimalist and calm gray/white background. It has advantages for users who prefer not to have
a visually cluttered basemap. Figure 3.17 illustrates our customized map interface, showcasing the
places for zoom control, full-screen buttons, scale, and switch map function.

3.5.3 Map types

Browse-by-region map

The file hosts the HTML code necessary to generate the browse-by-region page. This file holds
the code for generating div-id for the HTML content.

17https://www.arcgis.com/home/item.html?id=3b93337983e9436f8db950e38a8629af
18https://www.arcgis.com/home/item.html?id=6e850093c837475e8c23d905ac43b7d0
19https://www.arcgis.com/home/item.html?id=10df2279f9684e4a9f6a7f08febac2a9
20https://operations.osmfoundation.org/
21https://tile.gbif.org/ui/
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Figure 3.17: Demonstration of the customized map interface

The current browse-by-region map type allows users to draw a bounding box only via a shift
button. Respondents to the questionnaire, however, indicated that this function leads to poor user
experience, especially on mobile devices. To enhance this, an additional button was added to the
map to draw a bounding box. This innovation offers a more useful interface available to desktop
and mobile web browsers.

On the current map, markers are shown by a clustering method depending on zoom level.
This approach provides an overall visualization of the data at lower zoom levels. While this broad
approach is effective for a high-level overview, it hides specific details of individual records within
these clusters. Additionally, users can see the number of recordings in a region, but they cannot get
information about the diversity of species represented in those recordings. To address these issues,
a grid-based system was developed. This gives users the option to view the number of records or
the number of species. Users can toggle between these two variables. In this way, users can detect
regions with high species diversity more effectively.

The grid dimensions are set at 111 km for zoom levels up to 6, reducing to 20 km grids for closer
views. This decision was influenced by an extensive study of existing web mapping applications,
primarily eBird22. eBird uses a grid size of 100 km for its global view and 20 km for larger zoom
levels (Zhang, 2020; Kelling et al., 2012). In our case, we chose 111 km for the global view—a
conscious decision to adapt to geographical measurement where 1 degree equals approximately 111
km. For higher zoom levels, we set our grids to 20km. We also conduct experiments to find out
the optimum solution. Our findings showed that 20km provides an ideal balance, offering detailed
data presentation without overwhelming the user interface. After zoom level 9, recordings are
shown by utilizing clustered markers.

Yet, this approach also has limitations. The first issue with this map type is that the API imple-
mentation only offers the first 2,000 recordings. The involved PHP file is RegionResults.php.

22https://ebird.org/hotspots
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The grid-based presentation approach is, however, designed to provide an overview of large areas
and will yield more useful results with a high number of recordings. Another issue is that while
our initial design defines the grids as squares, the inherent characteristics of the Web Mercator
projection introduce distortions. As discussed in Section 3.3.2, this projection is not an equal-
area projection. Consequently, our square grids tend to stretch into rectangles in higher or lower
latitudes.

Up to 20%: Light Blue (#74A9CF)
Up to 40%: Sky Blue (#2B8CBE)
Up to 60%: Yellow (#FED976)
Up to 80%: Orange (#FB6A4A)
Exceeding 80%: Red (#E31A1C)

Figure 3.18: Demonstrating data intensity levels from light blue to red

In the visualization of grids, a dynamic color coding scheme is used to represent data varia-
tions effectively. Thresholds are determined based on the maximum count value, establishing five
distinct grades to categorize the data. Each category is assigned a specific color, which calculates
the ratio of individual counts to the maximum count. Ratios up to 20% are denoted with light
blue (#74A9CF), up to 40% with sky blue (#2B8CBE), up to 60% with yellow (#FED976), up to
80% with orange (#FB6A4A), and values exceeding 80% are marked in red (#E31A1C). Colors are
chosen to be distinct from one another and ensure clear separation. The light lavender (#74A9CF)
denotes the lower end of the scale, offering a calm and neutral start. As the scale progresses, the col-
ors become more intense, culminating in red (#E31A1C), which is often associated with alertness
and importance (Won and Westland, 2017), highlighting areas of high value. Figure 3.18 shows
the color gradients from light blue to red.

For marker clustering, we follow the existing approach, which uses three different thresholds.
A single red circle marker for a single recording, blue for two to nine recordings, yellow for 10
to 99 recordings, and red for more than 99 recordings. Additionally, users can place their mouse
cursor or click on the grid cell, and it shows the number of recordings and species in the pop-up.

Browse-by-taxonomy: Genus, species, and subspecies map types

In this section, we first discuss a newly developed color coding scheme, and the conversion of
species ranges from KMZ to GeoJSON.zip format is discussed. Subsequently, implementations
for browse-by-region, genus, species and subspecies map types are explained.

Development of dynamic color coding scheme for markers As explained in Section 3.3.2, the
current coding system assign the list of static icons as markers. This, rather arbitrary method,
does not account for the rich biological relationships between the subspecies. To enhance the ac-
curacy and educational value of XC, we implemented a dynamic marker color coding system that
reflects, to the extent possible, taxonomic sequence according to the International Ornithological
Congress (IOC) World Bird List (“IOC World Bird List – Version 13.1”, 2023). (This is the tax-
onomy that XC adopts for its species list.) The new color scheme is designed to visually represent
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the relationships between subspecies—the closer the relationship, the more similar the colors of
the markers.

Figure 3.19: Histogram showing the distribution of species by number of subspecies. The x-axis
represents the number of subspecies and the y-axis represents the frequency of species. Species
with 17-49 subspecies are grouped together.

It is important to choose an appropriate threshold when adjusting colors for visual representa-
tion. This threshold determines the strategy used, whether it represents a broad spectrum of many
colors or a more limited palette. Insights from the XC database indicate variability in the number
of subspecies among species, and as Figure 3.19 illustrates, the general trend among bird species
leans toward a lesser number of subspecies. In light of this trend, the decision has been made to
design a color coding schema that can effectively differentiate between species using a minimum
of 16 distinct colors.

During the initial design phase, a color gradient between 0 and 180° was considered to use
maximal contrast between colors for the first and last element. We judged, however, that such a
color range did not provide sufficient color diversity for cases with a high number of subspecies.
In a second approach, a 240° portion of the color wheel (see Figure 3.20) was chosen to ensure
sufficient color diversity for cases also with a high number of subspecies, ranging from red to dark
blue (T. Lin et al., 2015). When we next applied a homogeneous distribution over this color scale, it
was not easy to distinguish between all the generated colors. Human color perception is nonlinear
along this scale. This is why we chose seven base colors from which we derived the marker colors
used by interpolating between them. In the application phase, we observed that red hues are
distinguished more easily than green hues. To produce the maximum number of distinguishable
colors, the brown color was added between red and orange in the seven base colors. When a high
number of marker colors is generated, a number of them will be closer to red and will be easier to
distinguish. The selected seven base colors are red, brown, orange, yellow, green, blue, and dark
blue. These base colors, their RGB and HSL values, and their corresponding position on the color
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wheel are shown in Figure 3.20.

Figure 3.20: Illustration of seven base colors and their RGB/HSL values and the corresponding
position on the color wheel

The function is designed to start with red for the first subspecies and to end with dark blue
for the last subspecies. Linear interpolation of HSL is employed between color steps to generate
continuous and graded transitions across the spectrum for each subspecies. This is achieved by
mapping each subspecies’ position on the IOC list to a specific point within a gradient of basic
colors. To provide a clear understanding, Figure 3.21 shows the the seven base marker colors
location on the color wheel.

We must remark here that the sequence of IOC comes with certain constraints. Firstly, while
the IOC list orders bird species based on their DNA sequences, the taxonomic trees inherently
bring with them only a partial order. This gives us several possible linear orders, and the ranking
used by IOC is just one of these possibilities. Secondly, our taxonomic knowledge is not always
complete, and the IOC listing introduces a number of assumptions. For example, ranking among
species missing certain DNA information may have to be estimated by factors such as physical
similarities or geographical proximity of habitats (McClure et al., 2020). This creates a ranking of
taxa that is sometimes imprecise and subject to change. In other words, it is not always possible to
make a complete and accurate ranking of species with the scientific information we have at present.
Consequently, despite the limitations and uncertainties involved in the taxonomic classification
process, the IOC list remains a valid and scientific resource for bird taxonomy.

Conversion from KMZ to GeoJSON.zip Moving away from Google map technology would
prompt us to get rid of KMZ/KML files because those files are designed for Google’s ecosystem,
which we are trying to remove the dependency on. As a solution, we decided to use the GeoJ-
SON format because it offers a more universal, open-standard format. It is widely accepted and
easily used across various Geographic Information System (GIS) ans spatial database platforms
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Figure 3.21: Illustration of colors and their corresponding positions on the color wheel

(Butler et al., 2016). Using GeoJSON encourages data sharing and interoperability, enabling XC
to participate more actively in the open-source geospatial community.

Another issue is that in some cases, the KMZ configurations are not rendered correctly by
Google, leading to incorrect representations of species ranges on the maps. For instance, there
have been issues with the plot of the range of Corvus corax in current XC maps. Google technology
over the years has changed data requirements, leading to map visualization instabilities. The use
of GeoJSON files mitigates such conflicts, promoting the accuracy and reliability of species range
visualizations in our maps. This approach enables us to bypass the inconsistencies and errors
associated with KMZ configurations, ensuring a more dependable presentation of geographical
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data. Figure 3.22 shows an example of one KMZ rendering error.

Figure 3.22: Current map showing the error on the species ranges of Corvus corax

Genus map The map <div> for genus map type is placed by the GenusProfile.php. GenusProfileMap.php
file is responsible for generating the legend.

As explained in Section 3.5.3, we have implemented a color coding schema instead of static
icons to provide a visual correlation between species’ taxonomic position. We also added two
buttons at the bottom of the map interface. They are designed to toggle the visibility of markers
and species ranges. With these, users gain the flexibility to customize their map view by showing
or hiding markers and species ranges as they wish.

The current genus map type provides only markers of recordings, and it does not show species
ranges. In the legend, species are ordered; however, since coloring is based on the static image
order, there is no correlation between colors and species. To enhance the visualization of species
markers on the genus map, we have employed our newly developed dynamic coloring approach. In
this strategy, markers representing species with closer taxonomic affinities are assigned colors that
are visually alike, promoting a more intuitive understanding of species similarities and differences.

Additionally, the XC platform provides KMZ files that represent the species ranges for each
species. We used these species ranges to obtain a single genus range in such a way that every range
part was labeled with the number of species occurring in that range part that belongs to the genus.
Next, we output these results as a GeoJSON file. After compressing these GeoJSON files, we
incorporated them to display diverse areas on the genus map. In visualizing species ranges, colors
are assigned based on species count within each range. The Chroma plug-in facilitates this and
assigns various shades of purple to represent different species counts. Purple was chosen as it is
distinct from the colors used for markers, preventing any visual confusion or overlap in colors
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between markers and species ranges. Enhancing user interaction, the visualization allows users
to click on specific areas, triggering a pop-up that provides information regarding the number of
overlaying species ranges.

To address the issue of ambiguous search results due to similar but not identical genus names,
we refined XC API by enclosing the genus parameter in quotes, ensuring that the query matches
only with the exact genus name, thus eliminating unrelated results. This way, our results to
plot markers only contain matching genus. Moreover, changes have been implemented in the
Query.php script to get exact matching genus data. Previously, the script supported two condi-
tions when querying the genus: a direct match or a starting with condition. Now, by eliminating
the second one, only exactly matching genus names are queried. The following code snippet illus-
trates the query code to get two conditions.

} elseif ($tag == ’gen ’) {
if ($tq -> operator == $tq :: MATCHES_OPERATOR ) {

$condition = $this -> matchesCondition (’birdsounds .
genus ’, $term);

} else {
$condition = $this -> startsWithCondition (’birdsounds .

genus ’, $term);
}

Species map The SpeciesProfile.php script constructs the HTML code needed to generate
the page, and SpeciesProfileMap.php holds code that generates a legend.

The current species and subspecies map types use a static color coding system to color markers
of subspecies based on their alphabetic order. This method does not account for the rich biolog-
ical relationships between the subspecies. To enhance the accuracy and educational value of XC,
we have implemented a dynamic color coding system for the markers that reflects taxonomy se-
quence according to the International Ornithological Congress (IOC) World Bird List. The new
color scheme is designed to visually represent the relationships between subspecies—–the closer
the relationship, the more similar the colors of the markers.

To integrate this dynamic color coding system, we changed our database. The XC database
contains the taxonomy_ssp table to retrieve taxonomic data. This table includes columns such
as order, family, genus, species name and number, subspecies, and authorship. We added a new
column called ssp_seq to this table to capture subspecies sequence within a species as found in
the IOC List. This new column shows the ranking of subspecies. Then, we created an additional
temporary table, sp_ioc, with three columns named species, subspecies, and ssp_seq, which
was filled from a .csv file. By assigning the species and subspecies fields as primary keys, we syn-
chronized this data with the data in the taxonomy_ssp table and updated the ssp_seq column.
This step ensures that each subspecies is correctly ranked. When performing SQL queries on the
SpeciesProfileMap.PHP, we defined the underlying query using ORDER BY ssp_seq ASC to fol-
low the correct taxonomic order. Once the subspecies were sorted correctly, we created dynamic
SVGs instead of fixed icons. This ensures consistency between markers in the legend and on the
map.

Another issue is that the legend has a problem with subspecies names due to allowing arbitrary
user input for this field. Users are free to write any subspecies name they want. Some users have
inserted a question mark or a separate note at the end of subspecies names when they are uncertain.
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This situation causes complexity. To simplify the process and minimize complexity, we now cross-
reference the name of each subspecies with the IOC list. If a name does not match an entry in the
list, we classify it as an unspecified subspecies and represent the recording with a gray color marker.

Assigning colors to markers based on taxonomic vicinity constitutes an important component
of this map type. For this purpose, each identified species and subspecies are ranked using the IOC
list. IOC provides Excel files for their data23, but the Excel file format is not feasible to work with
JavaScript. To make a seamless integration with JS, we decided to create a JSON file based on the
IOC list. The structure of the created IOC.json file is shown in Figure 3.23.

" Genus1 ": {
" Species1 ": [" Subspecies1 ", " Subspecies2 ", "..."],
" Species2 ": [" Subspecies1 ", " Subspecies2 ", "..."]

},
" Genus2 ": {

" Species1 ": [" Subspecies1 ", " Subspecies2 ", "..."]
},
" Genus3 ": {

" Species1 ": [" Subspecies1 ", " Subspecies2 ", "..."],
" Species2 ": [],
" Species3 ": [" Subspecies1 ", " Subspecies2 ", "..."]

}

Figure 3.23: Example of the adopted JSON structure

Additionally, we introduced two buttons below our map container to toggle markers and
species ranges. In this way, users can show and hide the view of the markers or ranges and can
customize their map interface according to wish.

The complexity of geographical locations is considered for the species map type. There are
cases where multiple recordings exist in the same location. In the current map, these markers
apply a single color. For example, when two subspecies are recorded in the same location, the
current map shows only one color, and users cannot know whether another subspecies recording
exists until they click on the marker. As a solution to this, we grouped our recordings based on
coordinates. When multiple recordings exist for a location, we now use pie chart markers. This
provides users with immediately visible information about the diversity in a location without
clicking. Figure 3.24 illustrates one of the pie chart markers. This issue generally arises between
specified and non-specified subspecies. As the XC dataset continues to expand, it is possible that a
similar issue will emerge among specified subspecies as well. Implementing the pie-chart marker
approach will prevent potential conflicts that may occur in the future as users continue uploading
recordings.

Another consideration is that not all species have subspecies. For example, in Figure 3.23
Genus3-Species2 has no subspecies, and it is a monotypic species. For quite a number of species,
no specific subspecies have been described or are considered valid by IOC. They are consequently
called monotypic species. In these cases, the current species map shows the markers of these species
in gray (not specified). However, in our study, monotypic species are not ignored in the coloring
and classification. If a species is monotypic, then subspecies information is shown as monotypic.

23https://www.worldbirdnames.org/new/ioc-lists/master-list-2/
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Figure 3.24: Illustration of a marker as a pie chart

Figure 3.25 shows the example for the species Ibidorhyncha struthersii.

Figure 3.25: Illustration of a monotypic species

We also attempted to provide an alternative projection to Web Mercator for species that occur
predominantly in polar regions. The Proj4.js plug-in facilitates the necessary coordinate transfor-
mations, but we encountered difficulties finding a functional basemap web tile to serve below the
reprojected range maps. We initially tried to use the Polarmap.js24 plug-in to implement polar re-
gion web tiles provided by the ArcticConnect25 project. However, support for these web tiles was

24https://github.com/GeoSensorWebLab/polarmap.js
25http://arcticconnect.ca/
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discontinued during our project. As a result, we could not find a suitable alternative network tiling
for the polar regions. Although GBIF26 (Global Biodiversity Information Facility) provides a web
tiling service, we encountered significant errors with that basemap’s panning and zooming func-
tions. These issues made the service inadequate for our purposes. To solve this problem, it may be
necessary to create and provide XC’s own web tiles for the polar regions. The figure 3.26 shows
our initial attempt to provide different projections and web tiles for the species Larus hyperboreus.

Figure 3.26: Illustration of polar region projection for Larus hyperboreus

Upload map

UploadStepLocation.php script constructs the HTML code necessary to generate the Upload
map type. This map type utilizes the LocationSearch.php script. This API function brings up
the previous recordings when the user zooms in on a particular area.

One of the main goals of our project, ending dependence on Google services, plays an im-
portant role in this type of map. As discussed in Section 3.3.2, users need to be provided with
geocoding, reverse geocoding, and elevation service information. While the current map receives
this information from Google, we developed open-source solutions to this.

After thorough research and comparative analysis, we selected Nominatim and GeoNames
as our new providers for geocoding and elevation data services. Nominatim, powered by Open-
StreetMap data, offers an unrestricted geocoding service. GeoNames, on the other hand, provides
elevation data that is both accurate and readily accessible, thus serving as a strong alternative to
Google’s elevation services (Karmacharya, 2018). It would, alternatively, not be impossible to
build up one’s own elevation data server, based on open-source data such as Copernicus DEM27.

26https://tile.gbif.org/ui/
27https://spacedata.copernicus.eu/collections/copernicus-digital-elevation-model
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Additionally, to provide users the ability to search for locations, we used the Leaflet Geocoder
plug-in.28 This plug-in provides a user interface for geocoding directly on the map and can use
various geocoding services as its back-end. The plug-in is configurable to utilize either Nominatim
or an alternative geocoding service, with Nominatim set as the default option.

3.6 SURFACE STAGE: USABILITY TESTING

The final phase of the UCD process, as outlined in Elements of User Experience Garrett, 2002, is the
surface phase. This phase shifts the focus from the implementation of interface and interaction
designs to the comprehensive evaluation of the final product. This evaluation is important in
terms of ensuring that the web map applications developed in the project meet both functional
requirements and user experience expectations. The subsequent subsections discuss questionnaire
design, while the results of this evaluation are presented in Section 4.4.

3.6.1 Introduction

Our objective is to follow the ISO 9241-11 standard29 to conduct user-centered usability testing.
This standard outlines three criteria such as effectiveness, efficiency, and satisfaction (Nivala et al.,
2008; Voldán, 2010; Štěrba et al., 2014). Effectiveness in usability testing describes the users’ ability
to complete tasks accurately. Efficiency measures how effortlessly users can complete these tasks,
and satisfaction reflects users’ overall feelings about using the application. Moreover, it has been
suggested that cartographic usability testing should also include learnability in the criteria (Štěrba
et al., 2014; Roth et al., 2017). Hence, we must ensure that our cartographic solutions are easy to
understand for users in order to effectively convey information.

We chose to conduct an online questionnaire as our usability testing method because of its
ability to overcome challenges such as limited physical access to users and strict time constraints
(Roth et al., 2015). The questionnaire consists of tasks and questions, and they were designed to
get insights about four criteria: effectiveness, efficiency, satisfaction, and learnability.

The purpose is to evaluate the usability of our recently developed mapping applications. Our
goal is to evaluate the functionality of the maps, not the users’ individual skills or knowledge.
There are no definitive right or wrong answers; therefore, users are encouraged to openly ex-
press their true thoughts and personal experiences. Additionally, participation is anonymous.
Responses are kept confidential and are analyzed for the sole purpose of evaluating map features.
No personal information is included in the report or in any publications resulting from this study.

To facilitate the publication of the web map applications, a Docker image containing the nec-
essary software and configurations is installed on a server at ITC, University of Twente.

Participants are sent an invitation to complete the survey via email. This invitation includes
instructions on how to access the map applications and submit responses.

28https://github.com/perliedman/leaflet-control-geocoder
29https://www.iso.org/obp/ui/#iso:std:iso:9241:-11:ed-1:v1:en
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3.6.2 Questionnaire design

Our questionnaire is designed to collect feedback on the new features added to the application.

The questionnaire consists of four sections. The first section asks questions about the user’s de-
vice, while subsequent sections focus on specific tasks associated with various map types:browse-by-region,
genus, species, subspecies. These tasks are carefully crafted to be short and direct, and they
are accompanied by a corresponding question.

We included both scaled (1–5), multiple choice, and open-ended questions. Users are able to
quickly score their experiences with scaled questions. On the other hand, open-ended questions
are posed to obtain deeper user feedback by encouraging users to share their thoughts, experiences,
and suggestions.

In this questionnaire, we created three sections to provide feedback on three map types that
were re-engineered: A) species and subspecies map, B) genus map, and C) browse-by-region. Each
section of the questionnaire contains an introduction text, hyperlinks that provide access to such
maps, and some simple questions for users to answer. We also inform users that the interface
provided for this test is not an exact copy of the working XC website.

Demographic question

Objective 1: To get a better insight into users, in the first question, we ask a demographics ques-
tion. Participants were provided with multiple choice options, including Desktop/Laptop, Tablet,
Smartphone, or Other.

Question 1: What type of device do you most commonly use to access the Xeno-canto website?

Species and subspecies map

This section of our questionnaire focuses on species and subspecies map types, using the example
of Corvus macrorhynchos specifically. This species, with its nine subspecies, is an ideal case to
showcase the effectiveness of our color coding system.

Scenario: You are exploring the sounds of Corvus macrorhynchos.

Task 0: Go to the link: http://owsgip.itc.utwente.nl:82/species/Corvus-macrorhynchos

Task 1: Experiment with the new zoom functionality using your mouse wheel.

Task 2: Use the toggle buttons to show or hide species ranges and markers.

Task 3: Interact with the basemap switcher and explore the various basemap options available.

Task 4: Review the legend and explore how the marker colors correspond to the subspecies
order.

Task 5: Explore subspecies map for Corvus macrorhynchos tibetosinensis. The provided link:
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http://owsgip.itc.utwente.nl:82/species/Corvus-macrorhynchos?query=ssp:%22tibetosinensis%22

Task 6: Use the additional buttons to zoom to the boundary of markers and/or recordings.

After the participants complete the designated tasks, we proceed to the questionnaire phase.

Objective 2: Evaluate the ease of mouse zoom functionality.

Question 2: How helpful do you find the mouse wheel zoom functionality for enhancing
your map navigation experience?

Objective 3: Determine the effectiveness of the toggle buttons in enhancing map customization.

Question 3: How useful are the toggle buttons in customizing the map view to your prefer-
ences?

Objective 4: Evaluate the ease of use and utility of the basemap switcher.

Question 4: Please share your thoughts on the basemaps switcher. How appealing do you
find it? Do the various basemap options align with your preferences?

Objective 5: Evaluate whether the color coding schema is effective and helps in subspecies dis-
tinction.

Question 5: How intuitive do you find the color coding schema for the markers in helping
you identify and differentiate between subspecies?

Objective 6: Evaluate the impact of keeping the color consistent for each subspecies on the user’s
experience.

Question 6: How useful do you think it is that a subspecies is always shown with the same
color?

Objective 7: Finally, the last question in the section aims to collect information about the overall
experience of the users.

Question 7: Do you have any further comments on (Sub)species map type? Are there any
features that you particularly liked or disliked? Please share any additional feedback or suggestions
you might have.

Genus map

The second section of the questionnaire is for the genus map type.

Scenario: You want to discover Genus: Anser.

Task 0: Go to the link: http://owsgip.itc.utwente.nl:82/genus/Anser

Task 1: Interact with the map to explore species ranges at the genus level.

After the participants complete the designated tasks, we proceed to the questionnaire phase.
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Objective 8: Determine the effectiveness of visual representations, their learnability, and overall
user satisfaction.

Question 8: How effective do you find the overlay of species ranges in understanding bird
diversity at the genus level?

Question 9: How easily do you grasp the meaning of the different shades of purple that rep-
resent overlaying species ranges?

Objective 10: Finally, the last question in the section aims to collect information about the overall
experience of the users.

Question 10: Do you have any further comments on the Genus map type? Are there any
features that you particularly liked or disliked? Please share any additional feedback or suggestions
you might have.

Browse-by-region map

Scenario: You want to discover bird species diversity in the area you want.

Task 0: Go to the link: http://owsgip.itc.utwente.nl:82/explore/region

Task 1: Draw a bounding box on the intended area. Try utilizing the drawing button apart
from the shift-key method.

Task 2: View and interpret the grid-based system. Toggle the grids between species and record-
ings.

Task 3: Switch between different basemaps.

Following the completion of the specified tasks by the participants, we then move into the phase
of administering the questionnaire.

Objective 11: The first task starts with evaluating the drawing button. We aim to evaluate the
effectiveness of whether the implemented feature allows users to successfully complete the task.
The user’s rating will provide insights into their level of satisfaction with this feature.

Question 11: How useful did you find drawing a bounding box using the button?

Objective 12: Assess the clarity and effectiveness of grid-based visual representations. We aim to
measure whether users can effortlessly understand and use the grid-based presentation. This will
also give us information about the learnability of this feature.

Question 12: How useful did you find the toggling between species and recordings within the
grid?

Objective 13: Evaluate the ease of use and utility of the basemap switcher. In the species map,
the basemap switcher is placed on the top left, but for browse-by-region map type, we placed
it on the bottom left. This selection was made on purpose to provide users with different views
to evaluate between them.

55



A RE-ENGINEERED WEB INTERFACE TO A GLOBAL CITIZEN SCIENCE PORTAL

Question 13: Which position of the basemap switcher did you find more convenient? Top
Left - species map type
Bottom Left - browse-by-region
Both positions are suitable for their respective maps

Objective 14: Finally, the last question in the section aims to collect information about the over-
all experience of the users. Open-ended feedback will be instrumental in uncovering areas that
improve user experience.

Question 14: Do you have any further comments on this map type? Are there any features
that you particularly liked or disliked? Please share any additional feedback or suggestions you
might have.
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Chapter 4

Results and Discussion

In this chapter, the results of our reverse engineering approach on the code base of the Xeno-canto
platform are presented.

4.1 RESULT OF STRATEGY STAGE: ANALYZING THE QUESTIONNAIRE

As outlined in Section 3.2.2, the design of the initial survey categorized browse-by-region,
species, and subspecies in the same category. This made it difficult for us to get more specific
user feedback for each map type independently. Nevertheless, to avoid overburdening respondents
with repeated questioning, the available responses were interpreted as effectively as possible to get
valuable insight into users’ knowledge, motivation, and needs.

Participants expressed high confidence in using web map applications and browsing the inter-
net. This indicates that XC users have the necessary familiarity to engage with complex geodata
visualization solutions. Nevertheless, we should also note that the survey respondents are not
representative of all XC users because these participants chose to be a part of this survey study.
A significant portion of the XC community is likely more passively engaged with the platform
and uses it as a useful sound library, and they may not have been interested in participating in the
questionnaire. We think that the users who participated in the survey may be more active and
experienced users.

The analysis of user response preferences suggests that the species and upload are the most
frequently utilized map types. In comparison, community-related map types such as mysteries,
user profile, and forum are less favored among users.

Improvements to the XC code base were achieved through the interpretation of user feedback,
aiming to meet basic needs in three different areas. First, we found a need for more detailed and
informative geographic data visualizations for species, subspecies, and the genus map types.
These types can be enhanced to enable geographic data visualizations that reflect taxonomic in-
formation, acoustic types, and seasonal patterns. Furthermore, alternative map projections, espe-
cially for the polar regions, can be offered alongside the traditional Web Mercator projection for
a more realistic visualization. Users also suggested that toggling the recording markers and the
species ranges would provide a richer and more customized map experience.

Secondly, for the browse-by-region type, suggested improvements include a button that
provides an alternative way to draw a bounding box. Additionally, users are interested in discov-
ering areas with bird diversity. The current system only focuses on recordings, but a grid-based
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presentation would enrich the user experience of bird diversity across regions beyond a singular
focus on recordings.

Lastly, the responses to the questionnaire also suggest improvements that impact all map types.
These include mouse wheel-controlled zooming for a more intuitive map navigation experience
and diversifying basemap selections to show a variety of land types and elevation information.
One common unwanted feature for all map types is the Pegman. It is a proprietary functionality
provided by Google, and replacing the JavaScript mapping library will eliminate this function
automatically.

4.2 RESULT OF SCOPE STAGE: SELECTION OF JAVASCRIPT LIBRARY AND DEFINING FEATURES OF XC

4.2.1 Selection of JavaScript library

As explained in detail in Section 3.3, both Leaflet and OpenLayers are powerful JavaScript libraries
for mapping extensive geographic data. Both offer robust capabilities for handling big geodata vi-
sualizations. Leaflet creates an easy-to-use option for developers, while its rich plug-in ecosystem
offers the opportunity to provide additional functionality. On the other hand, although Open-
Layers offers more built-in functions, it comes with a more difficult learning curve. In the end,
the choice between Leaflet and OpenLayers depends on the specific requirements of a project.

After a comprehensive evaluation of open-source JavaScript web map libraries based on their
features, ease of use, performance, and community support in Section 3.3, we concluded that
Leaflet is the best fit for our needs. The primary reason for this choice is that Leaflet offers a
user-friendly and straightforward API, making it easy to use, even for developers with limited ex-
perience in coding. Furthermore, Leaflet has an active community with extensive support and
resources. The wealth of documentation, tutorials, and examples available from the Leaflet com-
munity provides valuable assistance. Leaflet and OpenLayers have similar capabilities in terms
of features, performance, and customizability. The ease of use and strong community support
provided by Leaflet are the determining factors in our decision.

4.2.2 XC features and functionality

In Section 3.3.2, we examined the types of maps available on the Xeno-canto platform in detail,
revealing their different features and the value they offer to users. Although the primary focus of
the XC project was bird sounds, it recently expanded its scope to grasshoppers and bats. Our study
specifically concentrated on the analysis and enhancement of the ornithological aspects of the
project. XC offers eight distinct map types, each serving specific functionality. The species map
type is the most important because it provides an important resource for ornithologists, sharing
useful information for research and studies.

XC maps are equipped with features such as zoom controls and full-screen buttons. It also pro-
vides users with a basic street map with detailed terrain and a satellite imagery option for different
base map choices.

The map projection of all these is Web Mercator, which is a common default projection in web
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Table 4.1 The table displays a comparison of features for different map types, detailing attributes.
For each map type, the presence of a feature is indicated with a checkmark (✓) and its absence with
a cross (×). Exclusive functions for each map type are also listed in the last column.

Map type Projection Basemaps
Marker 

clustering

Query XC 

API v2

Pop-up 

API

Pegman & 

full-scren

Zoom w/ 

mouse 

wheel

Exclusive functions

Region ✓ ✓ ✓ ✓ ✗ Draws bounding-box

Genus ✗ ✗ ✓ ✓ ✗

Species & 

subspecies
✗ ✓ ✓ ✓ ✗

Shows the distribution ranges of species 

(KMZ)

Upload ✗ ✗ ✗ ✓ ✗
Utilizes forward & reverse geocoding, 

Acquires elevation data

Mysteries ✓ ✓ ✓ ✓ ✗

Forum ✗ ✗ ✗ ✓ ✗
Shows the distribution ranges of species 

(KMZ)

User profile ✓ ✓ ✓ ✓ ✗
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map applications.

Overall, XC is a highly valued citizen science platform that enables recordists and other users
to enhance their knowledge of bird vocalization, helping in bird identification and research and
enjoying bird sounds worldwide. A summary of features is presented in Table 4.1.

4.3 RESULTS OF SKELETON STAGE: FORWARD ENGINEERING APPROACH

Our objective, as detailed in Section 1.3.1, was to develop an improved geodata visualization solu-
tion by using an open-source web map library for the Xeno-canto portal. This enhancement aims
to not only improve the visualization of high-dimensional geospatial data but also to establish a
more financially sustainable model by transitioning from Google Maps to Leaflet.

4.3.1 Browse-by-taxonomy: Genus, species, and subspecies map types

Core changes

As explained in Section 3.5.3, significant improvements were made in geodata visualization tech-
niques for the browse-by-taxonomy map types: genus, species, and subspecies map types.
Firstly, we introduced a dynamic marker color coding system compatible with the IOC World
Bird List. This system visually represents, to the extent possible in a linear approach, the taxo-
nomic relationships between subspecies. The color scheme was optimized for human color per-
ception, using a 240° spectrum on the color wheel and selecting seven primary colors to provide
variety and distinction.

Secondly, we transitioned from KMZ/KML files to GeoJSON/GeoJSON.zip files as part of
our effort to move away from the Google ecosystem. The current species ranges are in the system
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Table 4.2 File size comparisons before and after compression

Species KML KMZ reduction (%) GeoJSON GeoJSON.zip reduction (%)
Corvus macrorhynchos 357.3 kB 120.4 kB 72.94 436.4 kB 96.7 kB 77.84

Corvus corax 7,0 MB 1,9 MB 77.14 7,8 MB 1,6 MB 79.49
Anser albifrons 2,5 kB 734.7 kB 76.40 3,0 MB 604.1 kB 80.34

Ibidorhyncha struthersii 3.9 kB 1.9 kB 56.41 4.7 kB 1.7 kB 63.83

as KMZ files, which are KML files zipped. GeoJSON is not zipped, and its file size is bigger than
KMZ or KML. We can achieve size efficiency with GeoJSON files by compressing them into
a .zip format. Zipping the GeoJSON files creates file sizes that are quite comparable to KMZ
files, ensuring that they are also manageable and easily shared or transferred. Comparative data
presented in Table 4.2 shows file size reductions achieved with the compression process.

Genus map

As presented in Section 3.5.3, the genus map was enhanced with the dynamic coloring of species
markers. Furthermore, new buttons are added, allowing users to toggle the visibility of markers
and species ranges to enhance user experience.

The previous genus map type only displays markers and does not contain information about
species ranges. To increase this functionality, we combined the spatial extents of individual species
ranges to create an overlay of the species ranges map at the genus level. This file is then encoded
into the GeoJSON format. For an effective visualization of species diversity, we use the Chroma
plug-in. In Figure 3.8, the current genus map type is demonstrated. In Figure 4.1, our newly
developed genus map is shown, displayed in various shades of purple to indicate the species count
within each species range for the genus Anser.

Figure 4.1: Newly developed genus map type for the genus Anser
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Species map

As covered in Section 3.5.3, the dynamic color coding system is also applied to the species map. In
this updated approach, each subspecies is assigned a color based on its position in the IOC bird list,
and the corresponding marking color and name for these subspecies are presented in the legend
in the same sequence. The figure 4.2 below shows the current species map, and the Figure 4.3
demonstrates our developed species map.

Figure 4.2: Illustration of current species map for Corvus macrorhynchos

Figure 4.3: Illustration of developed species map for Corvus macrorhynchos

Besides that, we created a new way to show information using pie charts for locations where
there are recordings of more than one subspecies. The figure below illustrates how these pie chart
markers appear on the map.

Moreover, as detailed in Section 3.5.3, special attention is given to monotypic species, ensuring
their inclusion and accurate representation in the species maps. Lastly, efforts have been made to

61



A RE-ENGINEERED WEB INTERFACE TO A GLOBAL CITIZEN SCIENCE PORTAL

Figure 4.4: Pie chart markers on the species map illustrating the distribution of recordings across
multiple subspecies for Vireo pallens

provide alternative projections for species in polar regions, but difficulties have been encountered
in finding suitable basemaps.

Subspecies map

Figure 4.5: Illustration of newly developed subspecies map for Corvus macrorhynchos tibetosi-
nensis

Adoption of the new color coding scheme offers further benefits. In the current map, when
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a particular subspecies is selected, the marker for recordings for that subspecies is always red or
orange. This is because the current system assigns the first suitable icon always. This creates
inconsistencies between the species and subspecies maps. We now assign each subspecies its own
color, and this is used in both map types always. For example, the subspecies Corvus macrorhynchos
tibetosinensis is assigned the color green in our species map as shown in Figure 4.3. So when a
user selects this particular species, it will again be displayed in green in its subspecies map, as shown
in Figure 4.5.

4.3.2 Browse-by-region map

As detailed in Section 3.5.3, we enhanced the map interface of browse-by-region with a new
button that allows users to draw a bounding box. This user-friendly addition provides an intuitive
alternative to the previously used shift-key method to draw a bounding box. Additionally, we also
developed a grid-based system that allows users to toggle between the number of recordings and
the number of species. This novel feature makes it more easy to detect regions with high species
diversity.

Figure 4.6 illustrates the current browse-by-region map over Madagascar. To highlight the
enhancements, Figure 4.7 demonstrates the grid-based representation of recordings over Madagas-
car, and Figure 4.8 similarly shows the grid-based representation of species distribution. The effec-
tiveness of our new implementation of the browse-by-region map is discussed in Section 4.4.3.

Figure 4.6: Existing XC map showing data by clustering method

4.3.3 Upload map type

As explained in Section 3.5.3, changes were made to the upload map type to help ending de-
pendence on Google services. The move away from the Google ecosystem is not just technical
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Figure 4.7: Map showing the number of recordings in a grid-based system

Figure 4.8: Map showing the number of species in a grid-based system

maintenance; it represents a strategic move toward cost efficiency. With these changes, users are
provided with geocoding, reverse geocoding, and elevation services using open-source solutions.
As outlined in Section 3.5.3, we conducted research on replacing Google’s geolocation services and
selected Nominatim and GeoNames as our primary service providers for geocoding and elevation
data, respectively.

Our research and experiment results indicate that Nominatim and GeoNames can sustain the
high standards required for geocoding and elevation services in mapping applications. This signif-
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icant finding underscores the viability of these services as sustainable alternatives to proprietary
options, thus aligning with our project’s overarching goal of ending dependency on Google ser-
vices.

We must acknowledge the technical difficulty encountered in user account access for the upload
map type. Users encountered login issues that prevented access to the page. As a result, we were
not able to include this map type in our usability testing.

4.4 RESULTS OF THE SURFACE STAGE: USABILITY TESTING

In this section, we present the results of our usability testing, which was conducted based on user-
centered design principles. The usability testing process for the maps involved a combination of
scale-based and open-ended questions, as outlined in Section 3.6.

We approached 41 XC users and received feedback from nine, all of whom used a desktop
or laptop computer to access the questionnaire. Overall, the quantitative data from scale-based
questions generally indicated positive user experiences. Table 4.3 displays the number of responses
received for each question and their rating level. Additionally, the average scores were provided
for each function. The user responses are categorized into five different levels, ranging from not
at all useful to very useful.

Table 4.3 User ratings of map features. Summarized user feedback on map functionality features,
with average scores.

Map functionality
Not useful 

at all (1)

Slightly 

useful (2)

Moderate 

(3)

Highly 

useful (4)

Very useful 

(5)

Total 

average

 Q2: Zoom with mouse wheel 2 - 1 1 5 3.78/5

 Q3: Show/hide species range and markers 2 1 2 2 2 3.11/5

 Q5: Color coding scheme for markers 1 - - 6 2 3.89/5

 Q6: Marker color consistency in subspecies 1 - 3 4 1 3.44/5

 Q8: Effectiveness of species range overlay - 2 2 4 1 3.44/5

 Q9: Purple shades representation 1 1 2 2 3 3.56/5

 Q11: Utility of drawing button for bounding box 1 2 1 2 3 3.44/5

 Q12: Number of species vs. recordings toggle 1 1 2 4 1 3.33/5

Section 1 

(Species)

Section 2 

(Genus)

Section 3 

(Browse-by-

region)

4.4.1 Section 1: Species and subspecies maps

As mentioned in Section 4.1, the ability to zoom in and out using the mouse wheel and toggling
the map elements were seen as desired features. We received an average rating of 3.78 out of 5 for
the usefulness of zooming with the mouse wheel feature, which aligns with user needs. Five out of
nine respondents find the mouse wheel zoom functionality highly beneficial, giving it a rating of
5 in terms of usefulness. However, 2 out of 9 responses did not find it useful. While some users do
not prefer to use a mouse or mouse wheel, most users want to have it. As having this functionality
would not affect users who do not prefer it, thus, it is good to keep this function. Respondents
have different opinions about the usefulness of toggle buttons in customizing the map view. Some
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4 out of 9 responses find toggle buttons highly useful or useful; however, an equal number of
respondents rated them as less useful or not useful. Consequently, it gets an average rating of 3.11.

For the basemap switcher, an open-ended question was provided. Respondents gave the basemap
switcher positive comments. Elevation information on topographic basemap and having more
basemap options are found to be very useful. Respondents stated that they mostly prefer topo-
graphic and satellite basemaps.

The color coding schema for markers is found to be intuitive for helping respondents identify
and differentiate between subspecies. Consequently, it received the highest average score across
our questionnaire, with a score of 3.89 out of 5. We have shown special effort on this color coding
schema, and results indicate a positive user experience, suggesting that the feature effectively aids in
distinguishing between subspecies. Six users scored it as four, and two users scored it as five. Only
one user gave it a rating of 1. This could possibly be because of the user’s distinct understanding of
color familiarity and perception. The positive average score indicates that our effort to implement
a color coding schema was successful. This implies good learnability because users can understand
and use it without much instruction or prior knowledge. Continuous user feedback will further
help optimize this feature for all users.

An additional benefit of implementing the color coding scheme is that it ensures consistency
between the marker color for subspecies on both the species and subspecies map types. In terms of
user feedback, five users rated it as 4, and one user gave it a rating of 5. However, three users rated
it as 3, suggesting that while the feature is appreciated, it may not be considered essential always.
Feedback from open-ended questions provided information about user preferences and areas for
improvement. The idea of using different colors for subspecies was positively noted, indicating
approval for visual differentiation.

Moreover, one user recommended including a distinctive icon or symbol to indicate nominate
subspecies. Additionally, there was also a recommendation to adjust the zoom buttons to enable
a closer view of species ranges.

4.4.2 Section 2: Genus map

The overlay feature for species ranges is perceived as effective in aiding users’ understanding of bird
diversity at the genus level, with an average rating of 3.56. Similarly, utilizing the different shades
of purple to represent overlaying species ranges is found to have a relatively positive reception,
with a score of 3.56 out of 5.

Open-ended feedback on the genus map revealed that while some users expressed dissatisfac-
tion with the color scheme, others noted the map’s potential usability and aesthetic improvements
over previous versions.

4.4.3 Section 3: Browse-by-region map

The feedback on the usefulness of the bounding box drawing feature received an average rating of
3.44 out of 5. The overall response for toggling between the number of recordings and the number
of species was moderately positive, with an average score of 3.33 out of 5.
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The next question was designed to determine whether users always prefer the same user inter-
face. The basemap switcher is placed differently for map types. We placed it at the bottom left on
the browse-by-region map and at the top left on the species map. While four users state they
prefer to see the basemaps switcher on the bottom left, the other four state that both positions
are suitable for the respective map types. The user feedback suggests there is no overwhelming
inclination for a single, uniform interface across different map types. This suggests that it may be
reasonable to customize the user interface according to the distinct functions and contexts of each
individual map type.

Finally, we posed an open-ended question to get further opinions for browse-by-region
map. Respondents show a desire for more flexible and precise search tools, such as using queries
before box selection and creating non-rectangular selection shapes.
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Chapter 5

Conclusion and Future Work

This research represents a focused effort to enhance geodata visualization capabilities and the user
experience on the Xeno-canto platform. As detailed in Section 4.4, positive feedback from usabil-
ity testing not only underscores the success of our applications but also highlights the capability
of Leaflet to provide geodata solutions that meet user needs.

The innovative introduction of a dynamic color coding schema, the transition from KML to
the GeoJSON format, and a strategic move toward open-source development stand as significant
achievements of this project.

XC consists of eight map types; however, we were not able to develop solutions for all of them
due to limited time. For this reason, we had to narrow our focus to the map types that were
most used and needed more advanced data visualizations. browse-by-region, genus, species,
subspecies, and upload map types are developed within the scope of this project. However,
further work is needed on the remaining map types: forum, mysteries, and user profile.

Refining and improving the user settings provides the potential to enhance the user experience
for XC users. The current settings offer basic customization options, including language selection,
preferences of table view, and control over the number of results displayed per page. However, hav-
ing recognized the diversity of user preferences in Section 3.2, there is an opportunity to expand on
these basic customization options. New customization options could potentially include options
such as setting a default basemap, customizing scale units, and providing users with the option to
customize the initial focus of the map upon loading. These improvements aim to develop a more
personalized and intuitive user experience.
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Appendix A

Integration of the Developed Code into the XC
Codebase

This annex serves as a guide for integrating the developed features and functionality into the exist-
ing XC application infrastructure.

All modified PHP, JavaScript, and CSS scripts for each map type and necessary icons are pub-
lished on my GitHub1 repository.

XC is designed using a collection of Docker images. To get started, the docker container must
be made operational by following the installation steps in the Xeno-canto GitLab2 repository.

To successfully incorporate the new implementations, firstly, three key files need to be modi-
fied.

1. xeno-canto/xc/Map.php

2. xeno-canto/xc/BaseTemplate.php

3. xeno-canto/static/css/xeno-canto.css

Script Map.php plays a crucial role by linking to the JavaScript scripts and each plug-in listed in
Table 3.7 and all map types, including sspmap.js, gnsmap.js, browseregion.js, and map-upload.js.
need to be integrated with it. Similarly, BaseTemplate.php requires updates to accommodate the
CSS for each plug-in and also include the browseregion.css to ensure proper styling of the gen-
erated legend on the browse-by-region.

It is important to distinguish between the existing Google Map script, xc-map.js, and the
newly developed methods. The current script, xc-map.js, utilizes a single HTML <div> ele-
ment, map-canvas, to render all map types. In contrast, the new approach employs separate
JavaScript scripts for each map type, and they should be added to the xeno-canto.css file to ensure
that each map is styled. These new IDs should be added to the xeno-canto.css file as shown
below.

#species-profile #sspmap,
#species-profile #gnsmap,

1https://github.com/onrcrpk/Thesis-files
2https://gitlab.com/naturalis/bii/xenocanto/xeno-canto
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#species-profile #browseregion,
#upload-location #map-upload {

width: 100%;
height: 400px;

}

Subsequent steps are then detailed for each map type.

A.1 SPECIES AND SUBSPECIES MAP

Script sspmap.js generaties species and subspecies map types. As explained above, this script
must be included within Map.php.

In SpeciesProfile.PHP, identifies the HTML <div> element for the species and subspecies
map as sspmap. Additionally, the HTML script that facilitates buttons for zooming and toggling
between species and their recordings should be included in the SpeciesProfile.PHP.

The added HTML code for map <div> and buttons are shown below.

<!-- SpeciesProfile.PHP -->
<div id="sspmap"></div>
<span class=’toggle-to-label’>Toggle on/off:</span>
<button id=’toggleMarkerButton’>Markers</button>
<button id=’toggleLayerButton’>Ranges</button>
<span class=’zoom-to-label’>Zoom to:</span>
<button id=’zoom-to-marker’>Markers</button>
<button id=’zoom-to-range’>Ranges</button>

There is an additional ioc.json configuration file needed to operate the species and subspecies
maps. As detailed in Section 3.5.3, it is crucial for assigning colors to subspecies. This JSON file
specifies the order of bird species according to IOC standards. While both current XC maps and
legend are generated by the back-end approach, we have followed the front-end approach for maps
and stack with the current back-end approach for generating the legend. The database changes for
the IOC sequence are also based on this JSON file.

For the legend, to set the subspecies on the IOC sequence and align with the color of markers
for each subspecies, the getLegendVfunc function within SpeciesProfileMap.PHP must be
modified. The getLegendVfunc function contains the query parameters used to retrieve data
from the database. Before proceeding with the modifications, it is crucial to review the detailed
database schema updates discussed in Section ?? Once the database schema is updated, the next step
is to modify the SQL query as shown below.

$sql = "SELECT ssp, author, ssp_seq FROM taxonomy_ssp WHERE species_nr=’" .
$this->m_species->speciesNumber() . "’ ORDER BY ssp_seq ASC";
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Additionally, to facilitate the color ordering representation of species, two new functions,
createSvgMarker and calculateColor, must be introduced to the getLegendVfunc func-
tion. These new functions are designed to generate HSL color codes and apply them to SVG
images of 15x15 size instead of assigning a static order of PNG images. Should the name of the
getLegendVfunc function be changed, it is critical to update all instances where the former name
is referenced within Map.PHP. This step is necessary to preserve the application’s functionality
and ensure that all components work seamlessly together.

To plot species ranges, the file naming must follow the <Genus>_<species>.geojson.zip
template. The JavaScript files assign the necessary colors for each seasonal occurrence. Each GeoJ-
SON file includes a season attribute, which is assigned a value between 1 and 5, each representing
a specific occurrence: (1) Resident, (2) Breeding, (3) Non-breeding, (4) Passage, and (5) Uncertain.
As an example, the file Corvus_macrorhynchos.geojson.zip has been added to the repository.

A.2 GENUS MAP

The gnsmap.js script is designated for rendering the genus map and should be linked within the
Map.php script.

Similar to the species map, the genus map requires a configuration file called genusioc.json.
This file is important because it contains the IOC sequence for subspecies.

The genus map requires a unique <div ID> to function with the gnsmap.js. This is set within
the GenusProfile.PHP as gnsmap. Accompanying this <div>, interactive elements such as but-
tons for zooming and toggling species or recordings must be embedded, as shown below.

<!-- GenusProfile.PHP -->
<div id=’gnsmap’></div>
<span class=’toggle-to-label’>Toggle on/off:</span>
<button id=’toggleMarkerButton’>Markers</button>
<button id=’toggleLayerButton’>Ranges</button>

To manage the map legend effectively, the script GenusProfileMap.PHP must be updated.
Similar to the species map, it utilizes a function called generateColors to assign HSL color values
to each genus represented on the map.

Regarding the genus name issues in the legend as outlined in Section 3.5.3, the Query.PHP
script must be edited to accommodate the required changes for correct species name representa-
tion.

} elseif ($tag == ’gen’) {
// Force an exact match regardless of the operator provided
$condition = $this->matchesCondition(’birdsounds.genus’, $term);

}

For a visual representation of the overlay of species ranges within a genus, the GeoJSON file
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should follow a naming convention to <Genus>.geojson.zip. As an example, the file Anser.geojson.zip
has been added to the repository.

A.3 BROWSE-BY-REGION MAP

The browseregion.js script is responsible for generating browse-by-region. To ensure its
functionality within the existing codebase, this JavaScript file needs to be properly linked within
the Map.php.

To integrate with browseregion.js, the existing HTML structure in BrowseRegion.PHP
requires modification. the div-ID must be updated to browseregion in the BrowseRegion.PHP.

<!-- BrowseRegion.PHP -->
<div id="browseregion"></div>

Note: As mentioned in Section 3.4.2, RegionResults.php defines query parameters. The
parameter used for querying the database has been set to 2000; thus, the number of recordings dis-
played on the map is limited to the first 2000 recordings. The code snippet below demonstrates the
execution of the database query, highlighting the application of a limit on the number of records
retrieved.

$res = $q->execute(Query::NO_PAGING, 2000);

A.4 UPLOAD MAP

The mymap-upload.js script is responsible for generating the web map for the upload map func-
tion. To operate correctly with the current code structure, it must be linked in the Map.PHP.

Similar to the other map types, the necessary changes include updating the map <div> from
map-canvas to map-upload within the UploadStepLocation.PHP.

<!-- UploadStepLocation.PHP -->
<div id="map-upload"></div>

The JavaScript script can successfully locate and interact with the necessary HTML tags, en-
abling it to display coordinates, addresses, and elevation data.
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