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ABSTRACT

Bees and other pollinator species are declining at an alarming rate. In 2006—-2007,
beekeepers in the United States reported colony losses of up to 90% (Barrionuevo, 2007). In a
world reliant on pollination for plant growth, the population decline of bees and other pollinators
is a reality that lacks attention through the means of modern technology. While some mobile
applications exist to identify species and record user beekeeping data, few seek to provide
educational resources and conservation methods for the public. Of these few, none are well-
designed, engaging, or intuitive for users of modern smartphone technology. The following
thesis project explores published literature in multiple areas: pollinator impact and bee
conservation; the use of mobile applications in environmental awareness and sustainability
efforts; the demand for intuitive and engaging user interfaces in mobile applications; and
crowdsourcing in mobile technology and citizen science. These topics inform the HiveGuide app
design which is presented in the form of annotated wireframes. This thesis project aims to merge
bee conservation, mobile technology, and collaborative communication to protect the future of
pollinators. HiveGuide is a mobile application that provides resources, tools, and crowdsourced

data to promote bee and stinging pollinator conservation through a welcoming interface.

Keywords: bee, pollinator, conservation, mobile application, environmental awareness,

user interface, crowdsourcing, citizen science



TABLE OF CONTENTS

INTRODUGCTION ...ttt et b e s s et e e sn e e nne e s nr e e ne e nnne e 1
Problem STAtEMENT ... 1
INQUIrY QUESEIONS (1QS) ..vveveeieeiiesie et re et e e sna e reeneennes 5
PUrpose and EXPECLALIONS ........ccuccuiiieiieiicie ettt e et re e 5

LITERATURE REVIEW ...ttt 9
INEFOTUCTION ...ttt 9
Ecological Impact Of POHNGLOIS. ..ot 9

Pollinators affect the ECOSYSIEM.........cccveiviieieee e e 10
The decling Of POIINALOIS ........c.ccveiiei e 11
Promising conservation Methods ...........cccvovviieieiieiiese e 13
Environmental Awareness and User Engagement in Mobile Applications...................... 15
Mobile apps impact environmental aWareness ...........cccevvereereesieereerieseeseereenns 15
User experience design motivates USer aCtiVity .........ccccceeververesiveseenie e e 16
Crowdsourcing and Citizen Science in Mobile Technology .........cccocviiiiiiiniiiicieen, 18

Crowdsourcing iS NOt & NEW CONCEPL ......cvereririeieierie e 19



Mobile technology supports citizen science efforts.........cccoevveiii e, 20

Citizen science lacks pollinator conservation INItiatives ............ccccceevveiieciieeinnn, 21

(0 [0 15] 1T [PPSR 22
METHODOLOGY ...ttt ekttt e bt she e ekt e s he e e be e sse e e abeeambeenbeesnee e e 24
NEEAS ANAIYSIS. ...viiiiie ittt e s e e b e e s e e be e e ee e sreeanrs 24
0 0 ST PRSP 25
FIQUIE 2. ettt e e e st e et e e s e e e e e e te et e e e e anrs 26
o0 2 TSSO PPPPP 27
[ TN - SRS S P 28
o0 2 TSSO PPPP 28
FIQUIES B, 7 ..ottt ettt s b et e et e s b e e teeneeste e teeneesreenneeneenres 29
[ Lo T =R TSSOSO 30
[ T = TSSOSO 31
DESIGN INEENTIONS ...ttt e te et e te e e e e e e sreeneeenes 32

Product DESCIIPLION ....ccvviiviiieitiecte ettt ettt e e e re e re e e sreesreeneeenes 35



LI IEAEIONS .ttt ettt nnnnnnn 37

PRODUCT ANALYSIS ... 39

Mobile applications can effectively educate and inform users on stinging pollinator

CONSEIVALION BT OIS ..ottt e e e e e e e e et e e e e e e e e e e eeeeens 39

Crowdsourcing features can motivate users of a stinging pollinator conservation mobile

application to contribute behavior and habitat information............ccccoeceiieiiiie e, 40

A stinging pollinator conservation mobile application can collaborate with local ecology

and conservation groups to drive user reach and SUPPOIt.........cccccoveieereiieeseesiecie s, 42
CONCLUSION. . ...ttt ettt ettt b e e s e et e s he e e ebe e s sb e e be e enreenbeesnneenneeas 44
AdAItIoNal FINAINGS ...eoveeieiie et sre e re e e sneenae s 44
Return to Problem Statement CONCEPLS .....cveevveiieciicie e 46
0 G F g o] [oF: A o] SRS 48
REFERENGCES ... oottt ettt b et e e rn e e b e nn e e b e e nnne e 50
APPENDIX A: LAUNCN PAJE ..ottt sttt sna e eneenneene e 56
APPENDDX B: HOME PAJE ...oiiiiiiiiiiecie sttt e e e 57

APPENDIX C: Drop-DOWN IMENU ......cvviiiiiiiiiieiiiie sttt snnee e 58



APPENDIX D: Map/REPOIM PAJE......cviiiiieiiieiie e itie ettt st siae et ere e snee s 59

APPENDIX E: LEAIN PAJE . .veeiiiie ettt ettt e sttt e s e e abe e e et e e anneeannes 60
APPENDIX F: CONACT PAGE ...vvvee ittt a et e e e e e 61
APPENDIX G: USEI Profile PAQe......ccuviiiieiiii ittt et 62
APPENDIEX H: FAQ PAJE ...ttt sttt b e e s 63

ACKNOWLEDGEMENTS ... .ot 64



HiveGuide 1

HiveGuide: An Education and Crowdsourcing App for Bee Conservation

INTRODUCTION

Problem Statement

On July 29, 2020, a team of Rutgers-led researchers published a grim statement: global
crop yields are being significantly reduced due to a decrease in pollinators (Rutgers, 2020). The
study notes the food security risks that are inevitable with a decline in honeybee and wild bee
populations, suggesting that more robust conservation efforts are necessary for protecting
pollinator numbers. According to the National Wildlife Foundation, some of these once-popular
pollinator species are even endangered (NWF). Despite a general understanding of the necessity
of pollination to produce crops, scientists in Germany found that misunderstandings and fear of
stinging insects may be discouraging some humans from engaging in education and conservation
efforts (Schonfelder & Bogner, 2017). Meanwhile, an increasing loss of habitat and food sources
along with attacks from parasites and pathogens threatens bees and other pollinators (Goulson et
al., 2015.

Many humans tend to fear insects that sting (Schonfelder & Bogner, 2017). Although
both considered stinging insects, bees and wasps are fundamentally different from each other.
Bees are herbivores, surviving on pollen, nectar, and honey, while wasps are carnivorous,
attacking and eating other insects (Encyclopaedia Britannica, n.d.). However, bees and wasps
have similar physical characteristics. Humans, as they fear getting stung, may not recognize

definitive differences between bees and wasps at first glance.
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Not all bees have stingers, though. In fact, the stinger is a female reproductive organ, so
males cannot sting at all (Wilson, 2007). Additionally, honeybee stingers are barbed. When one
stings an animal, a honeybee’s body rips apart, leading to certain death. Therefore, honeybees
will often avoid stinging except in the case of an extreme threat to their hives and colonies.

On the other hand, wasps do not have a barbed stinger and can sting many times during
an attack (Wilson, 2007). This means that wasps are potentially more threatening to humans than
honeybees or other bees with barbed stingers. When humans fear being stung by bees, the
aversion is often rooted in the behavior of wasps attacking multiple times with their stingers
without sacrifice.

The human habit of referring to all black-and-yellow, flying, bullet-shaped, stinging
insects as bees does not lend any favors to the mostly harmless pollinator populations. Although
more factors are contributing to the loss in bee populations, many people’s negative attitude
towards bees shadows the alarming truth of their steep decline (Schonfelder & Bogner, 2017).
And yet, the global ecosystem relies on honeybees and other native bee species to pollinate the
plants that, in turn, sustain humanity (Vanbergen & Insect Pollinators Initiative [IP1], 2013).
With such a critical component of life at risk, humans need to destigmatize the presence of
stinging insects in nature and learn to understand, protect, and coexist with pollinators of all
types. With this problem in mind, the following thesis project has developed a product to address
attitudes and behaviors towards stinging pollinators through educational resources via an easy to
download mobile application.

A 2018 report from the Pew Research Center estimated that over 2.5 billion people own
smartphones (Silver, 2020). This number is projected to rise in the coming years. Mobile app

development is increasing to accommodate the growing interest in the melding of daily activities
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and hobbies with the convenience of a personal device. With this interest in mobile app
development comes an opportunity to merge sustainability and environmental consciousness
with technology. However, there is a notable lack of approachable resources focused on
pollinator information—a disconcerting truth considering the current plight of pollinator species.

As technology continues to advance and researchers develop analytic tools that gauge
user engagement and appeal, more evidence points to the user experience and interface design as
a leading factor in attracting or repelling new users (Holdener & Angerer, 2020). To retain
current users and interest wider audiences, mobile apps need to be simple, intuitive, and efficient.
Additionally, mobile apps and tools that rely on user-contributed information and
communication are becoming increasingly popular in a tech-fueled world (Howe, 2006). Waze,
for example, relies on crowdsourced data to provide commuters with ideal routes and traffic
information (n.d.). Airbnb is a space to offer and accept accommodation arrangements (n.d.).
Neither platform functions without collaboration amongst users. Indeed, the convenience and
reliance on mobile technology have prompted new means of communication, allowing people to
socialize and network regardless of location. Crowdsourcing, however, has existed for centuries.
Scientific research, especially, has benefited from extensive volunteer contribution.

Throughout history, scientists and researchers enlisted public participation to accomplish
testing goals and collect relevant data. Citizen science is the phrase used to describe the actions
of volunteers around the world to collect and analyze data for use in scientific efforts (U.S.
General Services Administration, n.d.). From the Oxford dictionary (Albrecht, 2017) to
Audubon's annual Christmas Bird Count (National Audubon Society, 2018), countless projects
have relied on laypeople to meet research deadlines and broaden study scopes. Today, citizen

science efforts exist around the world and across fields of study. Research foundations,
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museums, and environmental agencies continue to appeal to the public to assist in data
collection, species identification, and wildlife population counts. As these initiatives continue,
science and mobile apps are merging to create a user experience unique from any other industry.

At the same time, technology surfaced as a vital tool for maintaining public participation
and appealing to a broader number of volunteers (Ullrich, 2012). However, in the field of
pollinator and bee research, few citizen science projects are active and ongoing. Of these scarce
initiatives, even fewer utilize efficient, easy-to-use mobile interfaces or applications that are
approachable and intuitive to the general public. Researchers must make an effort to optimize
projects for mobile technology to appeal to citizen science participants and maximize public
volunteer potential. With this in mind, this thesis project offers a mobile application designed
with a straightforward and engaging interface that focuses on community collaboration and
participant incentive.

Considering the rising threat of decreased pollinator populations and a growing reliance
and expectation for technology and mobile optimization, the lack of resources focused on bee
habitat and activity awareness is alarming. Perhaps even more concerning is the scarcity of
citizen science projects devoted to monitoring pollinator behaviors. This thesis project offers a
solution to the lack of public communication and awareness around pollinator species,
particularly bees, in the form of a mobile app that aims to engage users. As a collaborative and
intuitive mobile application, the HiveGuide app will integrate an appealing user interface for
citizen science participation and pollinator conservation.

This thesis project’s design and development was guided by three inquiry questions

which are stated in the next subsection.
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Inquiry Questions (1Qs)

The following inquiry questions guided the product development of this thesis project:

1. Can a mobile application effectively educate and inform users on stinging pollinator
conservation efforts?

2. Can crowdsourcing features motivate users of a stinging pollinator conservation
mobile application to contribute behavior and habitat information?

3. Can a stinging pollinator conservation mobile application collaborate with local

ecology and conservation groups to drive user reach and support?

The next subsection explains the contents and purposes of this thesis project’s sections

and subsections.

Purpose and Expectations

This product-driven thesis project outlines the design and development of the HiveGuide
app, a crowdsourcing and education mobile application for bee conservation. In the Introduction,
| presented a Problem Statement that explains the reality and consequences of bee and pollinator
declines. If these species continue to diminish, global food and economic security will be at risk
due to less plant pollination and a consequential decrease in crop yields. The Problem Statement
also describes the burgeoning demand for mobile applications that focus on environmental
awareness and the importance of well-designed user interfaces in mobile technology. Finally, the

Problem Statement analyzes crowdsourcing methods in mobile technology and the scientific
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community. | also shared Inquiry Questions that guided the product development of the
HiveGuide app. Finally, this Introduction section ends with a Purpose and Expectations section
that is meant to summarize the main sections and subsections of this thesis project.

The goal of this product-driven thesis project was to create wireframes for an easy-to-
use, engaging, and incentivized mobile app. With a simple and intuitive interface design, the
mobile app aims to provide educational resources about bee conservation and create an active
user community. The wireframes included in the Appendices of this thesis project show the
development of the user experience and interface that allow for an educational, engaging, and
collaborative experience for all users. Each Appendix provides an annotated wireframe for a
different page of the HiveGuide app to detail the functions of the user experience and the
purpose of each content area. Following the Introduction of this project, the final written report
includes a robust review of literature.

In the Literature Review section, | provide a review of published research that informs
the purpose and design of the HiveGuide app. In support of a conceptual framing that brings
together three unique areas of research, | have included a discussion of the Ecological Impact of
Pollinators; Environmental Awareness and User Engagement in Mobile Applications; and
Crowdsourcing and Citizen Science in Mobile Technology. The subsection titled the Ecological
Impact of Pollinators explains the importance of pollinator species on the global food and plant
product industry. The subsection also discusses reasons for the ongoing pollinator decline and
conservation methods for protecting population numbers. Next, the Environmental Awareness
and User Engagement in Mobile Applications subsection discusses current efforts in mobile
applications to support environmental conservation and education. The subsection also explains

the importance of engaging user interfaces in mobile technology and how design affects user
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motivation and participation. The final subsection, titled Crowdsourcing and Citizen Science in
Mobile Technology, explains the use of crowdsourcing techniques in mobile applications.
Additionally, the subsection explains the practice of crowdsourcing in scientific research through
citizen science initiatives.

After the Literature Review, the Methodology section explores my motivation to develop
the HiveGuide app and outlines a market gap for this type of product in a Needs Analysis
subsection. Following this, | offer a Design Intentions subsection, in which I describe my process
in creating the product’s user interface and application flow. The Product Description will
provide an outline of the general purpose and function of the HiveGuide app that appeals to
potential users and market investors. In the final subheading of my Methodology section, I offer
Limitations to explain the factors preventing me from further development, design, testing, and
prototyping.

Next, the Product Analysis of this thesis project revisits the inquiry questions introduced
above. Using the developed wireframes, | seek to answer these questions while reviewing the
strengths and opportunities of the HiveGuide app. A critical review of the wireframe design at
this time will allow me to assess the next steps in the development process, which | attempt to do
in the final section of this thesis project.

The Conclusion section of this thesis project assesses new ideas or concepts | found and
reviews the points made in my Problem Statement. Additionally, | suggest future work for
environmental education and conservation efforts in mobile applications and user experience
design in citizen science efforts. | also share my plans for next steps for the HiveGuide app

should I secure funding to support a larger development team with a broader skill scope.
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As noted above, the Appendices to this thesis project include the product’s wireframes,
showcasing various views of the HiveGuide app interface. These wireframes include annotations
to describe defining features and actions available on different pages.

The following Literature Review section of this thesis project explores research topics

that guide the development and design of the HiveGuide app.
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LITERATURE REVIEW

Introduction

This Literature Review explores research in three primary areas that form the framework
behind the HiveGuide app product: pollinator conservation, environmental awareness and user
experience in mobile applications (apps), and crowdsourcing in science and mobile technology.
This thesis project relies on advancements and studies in these topics to propose a mobile
application that demonstrates knowledge in bee and pollinator awareness efforts, effective user
engagement, and collaborative experiences in technology and science.

The research and work examined in this Literature Review reveals the strengths and
opportunities in pollinator conservation efforts and the merging of environmental awareness with
technology. Additionally, it discusses the impact of citizen science as a crowdsourcing effort to
obtain data from research volunteers and its growing reliance on mobile applications. By
analyzing such efforts, this Literature Review exposes a need for an intuitive, collaborative, and
user-friendly mobile application to promote bee and pollinator awareness. Through the
convenience and accessibility of smartphone technology, the HiveGuide app will promote
pollinator conservation, focus on technology design and experience trends, and remain devoted

to collaborative user engagement.

Ecological Impact of Pollinators
This section discusses the impact of pollinators on the global ecosystem, the background
of their alarming population decline, and recognized methods of conservation. The first

subsection will describe why pollinators have such a major effect on the world’s economy and
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ecology, maintaining that much of the world relies on pollinator activity for food and plant
products. The next subsection explains why and how pollinators are experiencing an ongoing
decline and the harmful effect it has on the environment and global economy. Finally, the last
subsection discusses effective conservation techniques that can assist in strengthening pollinator

numbers.

Pollinators affect the ecosystem

Plants relied on insects and animals for reproduction from as early as the Cretaceous
period, 100 million years ago (Pollinator Partnership [PP], n.d.-a). Pollination involves the
physical movement of pollen from male plants to their female counterparts, and a significant part
of the ecosystem as we know it relies on pollinators to facilitate this movement. Many animals
and insects are considered pollinators, including birds, bats, moths, butterflies, and beetles.
Perhaps the most commonly recognized pollinator in the global ecosystem is the bee.

According to a 2008 European study, nearly 75% of the world’s food economy relies on
insect pollinators, either from plants directly pollinated by them or animals that eat plants the
insects pollinate (Gallai et al., 2009). Globally, around 1,000 different types of plants used for
food, medicines, fibers, and other human purposes depend on pollination of some sort (PP, n.d.-
a). Though research efforts to place an exact monetary value on pollinators in our global
economy has proven difficult, the same study concluded that pollinators contribute to around
9.5% of the total production value of food crops (Gallai et al., 2009). As global human
populations continue to rise and demand for pollinator-dependent plants surges, this value will

almost certainly increase.
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Though most people are familiar with only honeybees and bumblebees, there are more
than 20,000 species each of bees and wasps on the planet. Bees and wasps all belonging to the
order Hymenoptera and suborder Apocrita, which comprises insect species that are largely
beneficial to humans either as pollinators or parasites to insect pests. (Encyclopaedia Britannica,
n.d.-a). Insect pollinators are widely recognized as vital to the world’s economy and ecology.

However, their population numbers are threatened by a variety of ongoing factors.

The decline of pollinators

In 2007, a New York Times article reported on the disappearance of more than a quarter
of America’s bee population, amounting to tens of billions of individual bees (Barrionuevo,
2007). Years later, another article noted how beekeepers found that their bees, after leaving the
hive for the day in search of pollen and nectar, would never return (Haberman, 2014). An
abundance of theories surfaced to explain the phenomena, called Colony Collapse Disorder
(CCD). Unfortunately, researchers were unable to prove an explanation.

In the fall and winter of 2006-2007, beekeepers across the United States reported colony
losses of up to 90% (Barrionuevo, 2007). Bee colonies have been declining since the 1940s, with
causes pointing to toxic pesticides, immune system-attacking fungi, parasitic mites, or viruses.
However, this new and dramatic calamity to the already struggling population was unlike
anything beekeepers and scientists alike had ever seen. Some researchers suggest that the regular
transport of large colonies to different farms affect bee diet and habitat, leading to high stress and
poor physical health. Many entomologists believe that a pathogen is to blame for CCD, causing
genetic breakdowns in colonies. Though many questions about the cause and eventual

consequences of the disorder remain unanswered, Washington State University entomology
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professor, Dr. W. Steve Sheppard, stated a consensus among the scientific community: “There
could be a number of factors that are weakening the bees or speeding up things that shorten their
lives...the answer may already be with us” (Barrionuevo, 2007, para. 23).

Perhaps the most apparent cause of bee declines in the long term is the loss of their
natural habitats due to a demand for farmland. Over the 19" and 20™ centuries, massive human
movement and domestication has led to a loss of nearly 97% of ideal grasslands for bees and
other pollinators (Goulson et al., 2015). Industry and urbanization continue to grow in populated
areas, destroying necessary floral food sources and many undisturbed sites for potential nests and
hives. With the loss of food-rich habitats comes the loss of a diverse diet for bees and other
insects. A monotonous diet may lead to a lack of nutrition and an overall decline in physical
health (Vanbergen & IPI, 2013). These health risks result in more susceptibility to pathogens and
disease due to compromised immune systems. A significant danger for honeybees in particular is
viruses caused by the Varroa destructor mite. These mites lead to wide-spread colony
destruction due to regular human transport of the bees to different farms and hive sites (Goulson
etal., 2015).

Toxic pesticides are other enemies of pollinators, particularly those known as
neonicotinoids (Goulson et al., 2015). The chemicals in neonicotinoids can circulate through
plants and reach the flowers and leaves—the feeding grounds for bees and other insects. These
pesticides attack the bee’s nervous system, resulting in confusion, paralysis, and death.
Additionally, herbicides play an impactful role in depleting food sources for pollinators,
destroying many floral weed varieties that diversify insect diets and supply them with critical

nutrients (Kearns et al., 1998). In response to the dangerous effect of such chemicals, France
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issued a ban of neonicotinoids in 1999. In 2013, the European Union did the same. Despite these
efforts, the bee population continued to decline (Goulson et al., 2015).

A variety of damaging factors contribute to the ongoing loss of bees and other
pollinators. Fortunately, there are known conservation methods that, with widespread

implementation, may protect these species from further decline.

Promising conservation methods

An effective step to increasing wild bee populations is to diversify crops and grow flower
fields. Though honeybees tend to thrive on farms devoted to one crop, solitary wild bees have
more success with multiple crop types in smaller areas (Wilson, 2007). Some countries provide
monetary incentives for farmers who take initiative in the diversification of crops and other flora.
However, these programs are not extensive, and more outreach on the benefits of biodiversity in
pollinator populations may contribute to increased participation.

Additionally, urban and rural communities alike may contribute to biodiversity by
planting bee-friendly flowers in gardens. Doing so not only provides more food sources for
pollinators but expands the variety of available plants and creates a healthier diet for bees and
insects. Also, urban planners and landscapers create healthier habitats for pollinators by
promoting wild green spaces and building areas that allow for gardening and beekeeping
(Vanbergen & IPI, 2013).

As mentioned earlier, France and the EU enforced government efforts to ban or reduce
the use of pesticides that endanger vital pollinators (Goulson et al., 2015). Indeed, using such
pesticides to foster more crop growth seems counterintuitive when the chemicals cause so much

destruction to the pollinators the crops need to thrive. More comprehensive pest management,



HiveGuide 14

using methods such as crop rotation, lessens agricultural reliance on pesticides and eases the
environmental build-up of toxic chemicals. Further attention to regional and national legislation
may contribute to greater conservation efforts, with projects such as the International Pollinators
Initiative promoting research and coordinated global action (PP, n.d.-b).

A 2017 study by researchers in Germany concluded that a generally negative attitude
towards stinging pollinators might be reduced through educational programming and by
confronting misinformation about bee behaviors (Schénfelder & Bogner, 2017). The study
shows that while most humans agree that bees are important and crucial to the global ecosystem,
fear and aversion to the insects lead to a disinterest in conservation efforts. This thesis project
will present a solution to the human misunderstanding of bees by reframing perceptions of
pollinator behavior and activity. Through accessible educational resources and community
participation, users will learn to respect and value bees and their importance in the global
ecosystem.

This subsection used published, professional research to present the significant impact of
pollinators on the world’s economy and ecology. Additionally, this subsection explained causes
and consequences of the rapid loss of pollinator numbers over the years. Finally, the last part of
the subsection analyzed several methods of conservation and how their widespread utilization
may protect pollinators from greater population losses.

The next subsection of this Literature Review discusses the use of mobile applications in
environmental awareness and sustainability initiatives. Additionally, the subsection analyzes the

impact of user engagement and interfaces in mobile applications.
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Environmental Awareness and User Engagement in Mobile Applications

The following subsection analyzes the use of environmental awareness in mobile
applications along with the significant impact that user experiences and interfaces have on
overall user engagement. The first part of this subsection provides examples of mobile apps that
promote environmental awareness and sustainability and their growing demand with the rise of
technology. The next part of the subsection details the importance of well-designed user
interfaces in mobile applications and the elements required to ensure ideal user experiences that

motivate audience participation.

Mobile applications impact environmental awareness

In recent years, software developers made significant strides in creating mobile
applications that monitor and facilitate everyday tasks, behaviors, and hobbies. Mobile apps exist
for writing to-do lists, tracking workouts, streaming movies, mapping destinations, and shopping.
It makes sense, then, that environmental initiatives are going mobile, too (Guarana, 2019). A
number of conservation and awareness apps are currently available on mobile app stores, ranging
in focus from ways to reduce carbon footprints to tracking daily water usage. A 2020 article on
CNET compiled a list of sustainability-focused applications that include ethical thrifting service
ThredUp and PaperKarma, a way to stop receiving paper-wasting junk mail (Brown).

From an educational awareness perspective, apps like #Climate allow the user to share
and discover ways to take action against climate change, while iRecycle provides resources for
conveniently recycling a variety of materials (Ecobnb, 2020). Every day, increasing rates of
people rely on their mobile devices to solve problems and handle a growing number of everyday

tasks. With such a seemingly inevitable rising demand for mobile convenience and usability
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across industries, mobile app developers are taking on the challenge of answering questions
regarding conservation efforts and environmental consciousness.

Many mobile app developers have responded to increasing demand for environmental
awareness initiatives by merging technology and conservation efforts. The challenge, however, is
creating a platform that remains relevant, innovative, and rewarding to use. The next part of this
subsection discusses how the design and user experience of such mobile apps affects user

motivation and participation.

User experience design motivates user activity

Along with conservation and environmental awareness, mobile app developers have
joined forces with medical professionals to create programs that promote health and wellness. In
an early 2020 study, Swiss researchers sought to understand the effect of user engagement on the
success of the European health app Ada (Holdener & Angerer). Though the overall concept is
complex, Holdener and Angerer found that the most significant factors that contributed to user
engagement were perceived usability, aesthetic appeal, reward, and focused attention (2020).
Simply put, users are more likely to be engaged with a straightforward, appealing, and
motivating interface.

A user’s unique interaction and activity with an application, product, or service is called
the user experience (UX). The specific aesthetic and graphics-driven experience is called the user
interface (Ul). As UX is all-encompassing of a user’s relationship with an application, it’s almost
impossible to have a successful UX without an engaging and appealing Ul. In today’s mobile
age, a crucial component of measuring a successful user experience comes from how developers

optimize content for different devices. According to Imaginovation co-founder and CMO
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Michael Georgiou (2018), 79% of potential users will abandon an un-optimized site or
application, while 88% are unlikely to return after a poor experience. Georgiou also cites a
research study that infers that well-designed UX and Ul can go so far as to boost user conversion
rates between 200 and 400% (Hogan et al., 2016). Clearly, developing a clean, easy-to-use, and
aesthetically pleasing design along with an optimized and reliable interface is vital to ensure
consistent user commitment and positive engagement.

The 2019 Mobile User Experience Awards, judged by a panel of design professionals
from a variety of companies, chose the Balance: Meditation app as the winner of the Best
Interface Design category. With calming pastel colors, consistent animation, and a customized
experience for every type of user, the Balance: Meditation app adheres to the standards of well-
done user experience design. In a top comment on Apple’s App Store, one user described why
they decided to keep coming back to the meditation app every day: “...it started off with short
sessions and easy skills and builds from there...Thank you for making meditation so accessible
and easy to develop into an everyday practice” (Jared Leal 75, 2019, para. 3). The comment
suggests that successful design does not always need to be the most animated, exciting, or flashy
to keep users motivated and engaged. In fact, less often does more when it comes to usability and
satisfaction.

Another positive comment sums up the highly-rated user experience of Balance:
“Engaging, modern, interactive app that looks clean, easy to navigate, intuitive...a meditation
app that’s been brought up to today’s standards of ease of use, personalization...and being fun to
use” (UlfhedinnErmana, 2020, para. 2). Like the previous comment, this statement encourages

app design that is accessible, user-friendly, and intuitive.
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The UX standards found in every well-designed mobile app play a crucial role in
encouraging consistent user activity. For a mobile app that depends on the contributions of
participants from various backgrounds and education levels, an easy-to-use, intuitive, and
rewarding interface is necessary to drive success and results. However, the HiveGuide app is
certainly not the first mobile application to rely on the public's efforts to fuel scientific initiatives
and solve problems regarding conservation, sustainability, and the environment.

The above subsection analyzed current mobile applications that promote environmental
awareness and a sustainable lifestyle. Additionally, the subsection used market research to
address the impact of user interface and experience design on mobile application success. The
next subsection of this Literature Review discusses crowdsourcing methods in mobile

applications and science.

Crowdsourcing and Citizen Science in Mobile Technology

This subsection of the Literature Review explains the concept of crowdsourcing and how
it manifests in mobile applications and scientific research. First, this subsection analyzes the
history of crowdsourcing initiatives and its growing demand with the rise of mobile technology.
The next part of this subsection explores the concept of crowdsourcing in citizen science as a
way for researchers to collect extensive data and information for large-scale studies and projects.
Additionally, the second part of the subsection will discuss the current and future demand for
mobile technology in citizen science. Finally, this subsection will analyze recent citizen science

projects and the lack of initiatives focused on bee and pollinator conservation and awareness.
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Crowdsourcing is not a new concept

The term crowdsourcing was likely first used in a WIRED article by Jeff Howe (2006).
Howe describes the boom of community-sharing applications and services in the rise of
technology and mobile convenience. Focusing on the stock photo site iStockphoto along with
research collaboration site InnoCentive and others, Howe makes an early case for the rising
demand for crowdsourced services and solutions across nearly every industry.

The concept of problem-solving through public contribution is not new, however.
Examples date as far back as 1714 with the British Longitude Act that sought to award prizes to
anyone able to produce a practical method to measure a ship’s exact longitude at sea (Nesta
Challenges, n.d.). Another historical example lies in James A.H. Murray’s late-nineteenth-
century appeal to volunteers to assist in contributing words to include in the fledgling edition of
the Oxford Dictionary of the English Language (Albrecht, 2017). Even with the support of
thousands of contributors, the project still took about 70 years to complete.

Modern crowdsourcing methods are seen in apps like Waze, where users contribute data
regarding navigation and traffic information (n.d.). Similarly, Airbnb provides a platform for
hosts to share accommodations for users who leave reviews following their stays (n.d.). Though
the incentives are not as explicit as a monetary reward or writing a piece of English language
history, the community effort on both platforms stems from a shared desire for convenient travel
and safe housing. Both apps rely on public contribution and user communication to fuel their
purpose and are a small sample of the many mobile apps that depend on crowdsourcing
techniques.

Crowdsourcing has long been a part of history, and it is increasingly in demand with the

rise of mobile applications and ease of global networking. The next part of this subsection
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explains how crowdsourcing initiatives support mass research and data collection in science.

Additionally, this part discusses the rising impact of mobile technology in such initiatives.

Mobile technology supports citizen science efforts

Crowdsourcing is the foundation for citizen science. The concepts are similar in that they
both rely on collaborative efforts from public volunteers to contribute information to large-scale
projects. However, citizen science utilizes data collection methods specifically to aid in extensive
scientific research and studies. The global history of citizen science dates back centuries. One of
the first widespread examples in the United States was the Christmas Bird Count, founded by the
Audubon Society in 1900 (National Audubon Society, 2018). Conservation efforts to protect bird
populations were gaining popularity, so ornithologist Frank F. Chapman proposed a public bird
census rather than a hunt to be held on Christmas Day of that year. The tradition continues to this
day, and the initiative is recognized as the longest-running citizen science project in the country.

Citizen science projects have grown in numbers so significantly in recent years that an
official government website database exists to organize them (U.S. General Services
Administration, n.d.). The site currently accommodates 256 active projects organized by many
different agencies and covering various scientific fields. Every project has its own website or
mobile app for volunteers to submit data. Indeed, National Geographic cites GPS receivers and
other sensors on smartphones that contribute vital information around location, weather, and air-
quality in data capturing as a huge benefit to citizen science project efforts (Ullrich, 2012).

Though many citizen science projects rely mainly on public interest in a particular field
or research topic, obstacles exist that prevent participant engagement and consistent activity. A

2015 study published by the Ecological Society of Japan lists such barriers as requiring methods
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that are too complex for standard users and asking for data updates too frequently. (Kobori et
al.). The study suggests that successful ways to overcome such challenges are to simplify data
sampling methods, reward consistent users, and build community through discussion and
networking. However, the researchers make a point in noting that few, if any, studies currently
exist that explore how user incentive techniques can lead to greater participation in citizen
science projects. This lack in research can be reconciled with attention to the previous section
devoted to UX/UI design and how positive user experience with a product can drive app use.
A greater human reliance on mobile technology allows for increased reach and
participation in citizen science efforts. The future of citizen science relies on well-designed
mobile interfaces that support a user-friendly experience and motivate participant activity. The
final part of this subsection explores the lack of citizen science projects that focus on bee and

pollinator awareness and why such an absence matters to the future of stinging pollinators.

Citizen science lacks pollinator conservation initiatives

Despite the growing numbers of projects available in online databases and promoted by
National Geographic and other environment-focused foundations, there is an alarming absence of
citizen science projects concerning bee and pollinator conservation. On CitizenScience.gov, only
one project is currently active and accessible on a functioning website. HiveScience, though
admirable in its attention to bee colony health, is designed explicitly for beekeepers to monitor
their hives. It is not an approachable project for laypeople with little to no prior knowledge of
bee activity and habitats. This thesis project will further analyze the HiveScience project in the

Needs Analysis subsection of the following Methodology section.
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Elsewhere on the web, there are minor signs of crowdsourcing initiatives to raise
pollinator awareness. Both Bumble Bee Watch and The World Bee Count ask users to take
pictures of encountered bee species to add to its digital database. The World Bee Count,
however, was limited in scope and ended in May of 2020 (Appalachian State University,

n.d.). Bumble Bee Watch lacks the convenience of an optimized app, requiring users to upload
data to a visually outdated website or navigate the equally uninviting mobile site. The absence of
bee conservation in citizen science's booming world is troubling when considering how
influential pollinators are on the global ecosystem. This thesis project will analyze the World
Bee Count and Bumble Bee Watch projects in greater detail in the Needs Analysis subsection of
the Methodology section.

This subsection analyzed a variety of professional research and publications to present
the history and current state of crowdsourcing initiatives. Furthermore, the above subsection
discussed the concept of citizen science and how crowdsourced data and information contributes
to research efforts. A review of reports pointing to the growing demand for mobile technology
and optimized user interfaces inform an analysis of the future of mobile applications in citizen
science. Finally, the subsection addressed the lack of bee and pollinator citizen science projects.

The final section of this Literature Review summaries the research and findings of the
previous sections. This section addresses each prior topic and describes how professional,

comprehensive review and critique informs the HiveGuide app developed for this thesis project.

Closing
The HiveGuide app is developed and designed with research informed from three major

topics: the ecological impact of bees and other pollinators, environmental conservation efforts
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and user engagement in mobile applications, and the use of mobile technology in crowdsourcing
and science. By studying these areas, the HiveGuide app project has a foundation in previous
research and design strategies that allow it to be relevant and impactful to contemporary users.

As mobile app developers continue to design and build programs to enrich and
accompany everyday life, there will be an increasing demand for services that assist in
conservation efforts and scientific research. With the continuing decline of pollinators in the
planet’s ecosystems comes a loss in food supply and plant product revenue that plays a
significant role in the global economy. The effort to protect pollinator populations, particularly in
bee species, is one that developers can integrate with mobile applications through crowdsourcing
and modern citizen science approaches. The HiveGuide app will bridge a gap between mobile
apps built solely for crowdsourced scientific research and those developed for educational use
and design satisfaction. Additionally, it fills the void in bee awareness efforts by creating a
mobile resource that seeks to educate the public on identification and conservation efforts.

The following Methodology section of this thesis project describes the product design
intentions focused on user experience and crowdsourcing techniques. The section will outline
various features of the HiveGuide app that focus on three primary areas: education,
collaboration, and communication. Additionally, the section will explain possible limitations in
planning that come with designing a mobile app to fill previously discussed gaps in user

experience and citizen science research.
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METHODOLOGY

The Methodology section of this thesis project first offers a Needs Analysis for the
HiveGuide app based on existing bee conservation and data collection projects. It examines the
strengths and weaknesses of such initiatives and describes how the HiveGuide app fills the gap
for an engaging mobile application focused on bee conservation and education. Next, this section
presents a Product Description of the HiveGuide app that attracts potential users and project
investors. Finally, this Methodology section explains the Limitations of this thesis project and

how such obstacles prevent further project development and design at this time.

Needs Analysis

The literature reviewed above revealed a lack of relevant, impactful, and engaging mobile
applications that focus on bee conservation. Despite a rising focus on environmental-friendly
companies and personal initiatives, there are no reliable and consistent platforms that educate the
public on bee activity and behaviors. Furthermore, crowdsourcing practices through citizen
science are becoming increasingly reliant on mobile technology and uncomplicated user
interfaces (Ullrich, 2012). However, | found very few active citizen science projects that focus
on bee activity and conservation with none that intend to last longer than a predetermined project
end-date. For example, the HiveScience project requires a background in beekeeping and focuses
on a single threat to bee colonies. The World Bee Count initiative ended in May of 2020 with no
indication of resuming in 2021. Finally, Bumble Bee Watch is limited in scope and does not
provide a comprehensive space for educational tools and resources. | explain these projects and

programs in greater detail below.
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As noted in the above Literature Review, CitizenScience.gov is the government website
that serves as a database for citizen science projects in the United States. In conducting this
Needs Analysis, | searched on CitizenScience.gov for the word bees, and only eight results
appeared (see Figure 1). Of those eight results, only five are unique projects, and only two are
specific to bee and pollinator data collection: Broodmapper and HiveScience. Of the two
pollinator-focused projects, only HiveScience had a working and live website link (U.S. General
Services Administration, n.d.).

< citizensciencegov

B resuts
bees [a]
Broodmapper: Honay Bes Development and Citizan Science | CitizenScience.gov

Broodmapper: Honay Bes Development and Gilizen Sciance The Ohio State University...interastions and their
effact on honey bee brood survival

2016 nal Parks BioBIitz - H

National Parks BioBlitz - Homesiead Bes BioBitz The 2016 BioBIiz at Homesiead...on polinating insects,

th and Pollination Services on Diversified Organic Produce Farms

Prometing Native Bee Health and Polination Services on Diversified Organic...group of farmers 1o understand
native baw community heath and

2016 National Parks BioBlitz - Whiskeylown: birds, Bees, and Butterflies BioBiitz | CitizenScience.gov

Parks BioBiz - Whiskeylown

HiveScience | A Cltizes

callect data on the health status of honey bee hives, submit a sampie of haney for..aboratory analysis for
biomarkers of honey bes Immune respanse ...

Federal Crowdsourcing and Citizen Science Catalog | CitizenScience.gov

Scope: Haney Bee Deve tand... Status: Active -...Geographic Scope: National
and .

& bee facs. and a family aciivity encour raging
erforming Asts Digital Earth Watch (DEW) Pictura Post Phenology
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Figure 1: screenshot of search results for ‘bees’ (U.S. General Services Administration, n.d.).

The HiveScience project, sponsored by the Environmental Protection Agency (EPA),
focuses on collecting hive data from beekeepers in an effort to monitor and control outbreaks of
Varroa mites (n.d.). The website, though informative, is dense with text and information that is
not easily interpretable to the general public. Figure 2 shows a screenshot of instructions for

project participants.
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0 offcist webrite of the Urited States governmaent
o United S
SEPA e
Environmental Topics Laws & Regulations About EPA

Related Topics: Citizen Science

HiveScience: Data Collection

We need data from beekeepers to help us leam how to better protect honey bees. Please follow the
instructions provided in the section below when using the HiveScience app to collect and report data
on your hive. To identify possible linkages between your hive health assessment and colony survival,
we need you to only collect data from one hive in your apiary and to always monitor the same hive.

Step 1: Assess the health of your hive

EEET -

CONTACTUS  SHARE (f) (v) (X

Related Links

* Install the HiveScience
app: Android [
oriPhone AR

o Toensure that you always monitor the same hive, please mark the hive you selected for the project
with a number or other unique marking to differentiate it from other hives in your apiary.

® Using the HiveScience app, report on the health status of your honey bee hive as often as you want. Contact Us

Contact the HiveScience

Step 2: Monitor Varroa mites in your hive

Varroa mites are one of the biggest threats to the health of your honey bee hive. Failure to properly
manage Varroa mites puts your hive at great risk of failure and also the hives of other beekeepers in
your area.

* Monitor Varroa mites in the hive you selected for this project using the powdered sugar shake
method (Sugar shake method video) [l

* You can count Varroa mites as many times as you like during the beekeeping season, but only
report mite count data from the same hive.

« Review the Tools for Varroa Management (pdf) (27pp, 4.5M8) [

Figure 2: screenshot of HiveScience project instructions (EPA, n.d.).

In fact, the public is not able to use the project app at all as only beekeepers with active
hives are able to register and contribute (see Figure 3). The interactive map mentioned on the
website, meant to track and view reported mite activity, requires EPA login information to
access. This is counterintuitive for a world reliant on collaborative mobile technology that is
accessible to users from all backgrounds. Furthermore, widespread environmental conservation
efforts rely on extensive reach and resource availability to ensure success. HiveScience, though
devoted to bee conservation efforts and admirable in its actions in monitoring a major threat to
hive populations, is not an accessible educational resource to anyone outside of the EPA or
beekeeping world. The HiveGuide app, however, allows the general public to access all of its

educational resources and data collection tools regardless of any prior beekeeping or

26
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conservation experience. Doing so ensures a welcoming experience for users of all backgrounds

and skills.

HIVESCIENCE

Welcome to the EPA
Citizen Scientist
Beekeeper Program

Please select only one hive to
reporton.

Zip code of the hive you'll be reporting
on (required)

Race of bees in your hive (e.g., Italian,
unknown)

Full Name

Email Address (required)

Figure 3: screenshot of HiveScience app launch screen (EPA, n.d.).

In addition to the citizen science projects listed on the government database, | identified
some other project websites that appear to focus on bee awareness and conservation efforts.
However, most are limited by a predetermined end-date, location specifications, or scope of
species focus. The World Bee Count, for instance, ended in May of 2020 and no longer provides
a detailed, interactive map to track user contributions. The home page of the project (see Figures
4 and 5) states “this page shows an overview of the map, a sampling of images...and
regions/countries where images were submitted.” (“Global Pollinator Map,” 2020). Though the
project seems to have been a popular collaborative effort, with over 20,000 submitted images

from participants around the world, time restrictions prevent a lasting impact on the ongoing
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challenge of bee and pollinator awareness. The website shows no indication of a renewed

counting effort in the future.

Global Pollinator Map

Thanks to all the bee counters from around the world
who submitted images of bees and other pollinators
as part of the 2020 World Bee Count!

Counting bees is the first step towards understanding
the reasons for their alarming decline.

Figure 4: screenshot of World Bee Count data page (“Global Pollinator Map,” 2020).
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20,032

Images of bees and other poliinators were
submitted via the World Bee Count app and

were shown on the Global Poliinator Map
While the World Bee Count has come to an
end and the interactive map is no longer

available, this page shows an overview of the

-
A
4 map, a samy of images submitted by
£ citizen scientists and beekeepers, and

regions/countries where images were
submitted.

= i
7
Figure 5: screenshot of World Bee Count data page (“Global Pollinator Map,” 2020).

Out of all the bee and pollinator citizen science and conservation endeavors, Bumble Bee
Watch appears to be the most comprehensive and engaging project. With a variety of tools and
resources on its website, Bumble Bee Watch makes a commendable effort to educate the general

public on bumblebee behaviors, habitat information, and identification techniques (n.d.).
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However, as shown in Figures 6 and 7, the sheer amount of information and resource links
available on the site result in an overwhelming, cluttered interface. Furthermore, the site is not
ideally optimized for a mobile device. The text is compact and difficult to read, and the
abundance of links can make for a cumbersome and frustrating touchscreen experience. Users

must scroll or swipe multiple times on the screen to comprehend all of the content.

07:257 - 07:249 ol T
AA & bumblebeewatch.org (&) Bumt;ilzb;(::wg
Bumble Bee Watch
Watch Frequontly Asked Questions =
(Moo &
F.A.Q.

About

What is Bumble Bee

Watch?

- Frequently Asked

How can you participate? Questions

< M m ©

1. Why are you focusing on bumble bees?

Bumble bees

Figures 6 and 7: screenshots of the Bumble Bee Watch mobile site (Bumble Bee Watch, n.d.).

The tables of reported species and photo galleries are also difficult to view on a mobile
device, appearing unbalanced and cramped (see Figure 8). Additionally, the color scheme of the
site is cold and unwelcoming with gray and black themes occasionally punctuated by bright blue

links.
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07:239 w! T

# bumblebeewatch.org

Figure 8: screenshot of the Bumble Bee Watch mobile site (Bumble Bee Watch, 2020).

Bumble Bee Watch does, notably, have a downloadable mobile app that has the potential
to be a competitor to the HiveGuide app. However, it quickly becomes apparent that the Bumble
Bee Watch mobile app has limited content and is currently only comprised of a bumblebee
identification list (see Figure 9). In its current state, there is no other conservation or educational
information on the Bumble Bee Watch mobile app. The HiveGuide app will include more than
identification resources. As the main goal of the HiveGuide app is to promote pollinator
awareness, it is necessary for the app to include information about conservation methods and
environmental protection techniques from reputable researchers and scientists.

Finally, the Bumble Bee Watch project is limited by its focus on only bumblebees.
Though the website included resource links to information on other pollinators, the overall site

remains devoted to tracking and identifying bumblebee species (n.d.). Though the HiveGuide
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app will focus on bees, the educational content will not focus on one species of bee specifically.
Additionally, the HiveGuide app will provide conservation and awareness information on a wide
variety of stinging pollinator species. Allowing for a greater scope in content will create a space
for more thorough education in bee and pollinator behaviors and promote greater understanding

for the vast diversity of bee and stinging pollinator species.
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{ & | American bumble bee
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Figure 9: screenshot of the Bumble Bee Watch app (Bumble Bee Watch, 2020).

Despite its design weaknesses, Bumble Bee Watch has partnerships with a number of
reputable foundations and groups such as Wildlife Preservation Canada, University of Ottawa,
and National History Museum, London (n.d.). The project also enlists a team of volunteer
scientists to verify reports of sightings, adding validity and credibility to the project. Though

Bumble Bee Watch has a limited scope and uninviting interface, it was a noteworthy model for
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the development of the HiveGuide app in its comprehensive educational approach and
collaboration with reputable scientists and groups.

The current list of conservation projects specific to bees and stinging pollinators is
alarmingly short given the growing threat of decreased population numbers. With initiatives
limited in time, scope, and design choices, there is a significant opportunity and need for the
HiveGuide app that integrates the convenience of technology with crucial conservation efforts,
engaging user interfaces, and ongoing collaborative activity.

The next subsection analyzes the design and user experience of the HiveGuide app. It

refers to annotated wireframes provided in the Appendices of this thesis project.

Design Intentions

As the HiveGuide app is a mobile application meant for interaction with users via
smartphones, developing an engaging and intuitive interface was crucial to its design. | began
designing the architecture of the HiveGuide app by dividing the content into four distinct areas:
(2) Plan, (2) Learn, (3) Report, and (4) Contact. After a description of the Launch and Home
screens, this section will continue with an explanation of each of the four areas listed above.

Before accessing the different content areas, the HiveGuide app user views the initial
Launch and Home screens. | provided wireframes of the Launch and Home screens along with
other sample page designs in the Appendices of this thesis project. Appendix A shows the
Launch page, and Appendix B features the Home page. To convey a clear and welcoming user
experience from the first interaction with the app, these pages need to be simple and
straightforward. The Launch screen shows the HiveGuide app logo and log in/sign up buttons.

The Home screen maintains a minimal design with the HiveGuide app logo and four buttons
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representing the four content areas. By tapping these buttons, users navigate to the different
areas. The rest of the HiveGuide app interface follows a simple, clear design to ensure enough
white space to minimize user eye strain and prevent an overwhelming amount of text from
deterring users.

In the Plan section, users may search for locations within the HiveGuide app service area
to research known stinging pollinator activity. The Plan section includes three content areas that
users may access via the Plan screen: Location Guide, Trip Tracker, and Packing List. Appendix
C shows an example of the Drop-Down Menu users can access to choose a specific content area
in the Plan section. The HiveGuide app Location Guide provides a review of stinging pollinator
species native to the area along with any user-reported behavior. The Trip Tracker tool allows
users to enter a start location and multiple destinations to provide a comprehensive report of
findings without needing to search multiple areas individually. Finally, the Packing List provides
users with vital tools and supplies necessary for specific outdoor activities in a selected location.

In the Learn section, HiveGuide app users can explore the characteristics of different
species of stinging pollinators. The Learn content area contains three distinct parts (see Appendix
E): Identify, Save the Bees, and Beekeeper Guide. The Identify area helps users understand the
defining distinctions between bees, hornets, and wasps. The Save the Bees component provides
information on the importance of stinging pollinators and the history of their declining
population. The section will also present a breakdown of major conservation efforts and how
individuals from all walks of life can aid in this work. The Beekeeper Guide provides users with
an introduction to beekeeping and tips on how to maintain their hives.

The Report section of the HiveGuide app serves as an interactive map (see Appendix D).

Users may swipe to view different locations and markers that indicate reports from members of
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the HiveGuide app community. An icon will indicate the user’s location on the map, and a menu
will show options to create a new report and open the device camera to take a picture of a found
species or habitat.

Finally, the Contact section (see Appendix F) serves as a portal for users to find local,
state, and national resources on pollinator conservation, hive or nest relocation, and general
environmental protection agencies and groups. These resources will be unique to the user’s
current location to ensure relevant information when further assistance is required.

On each screen of the HiveGuide app, users have the option to access their profile page
and the FAQ area. On the User Profile page, shown in Appendix G, users may view and make
edits to their name, password, picture, and location in the profile portal. On the FAQ page,
featured in Appendix H, users will see a list of potential questions regarding app use, community
guidelines, and conservation information. Users will tap each question to expand a collapsible
text field that holds the answer.

| faced a significant challenge in planning incentives for user activity and reporting.
Initially, 1 planned to provide different membership options at a cost that would allow additional
access to tools and resources. However, | do not believe the HiveGuide app has enough variety
in these areas to prompt users to pay for a membership. Instead, | determined that if | am able to
obtain partnerships and sponsorships from environmentally conscious companies and groups, |
may be able to offer discounts on products or experiences as user incentives. For example,
partnerships with companies such as REI, Clif Bar, Patagonia, and Sierra Club may allow users
to trade their bee sighting records in the HiveGuide app for rewards in the form of product

discounts or access to exclusive experiences.
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As users report more bee sightings, they gain access to more rewards as their membership
level rises. With this model in mind, reporting zero to ten sightings is considered a ‘standard’
membership level, ten to fifty sightings indicate ‘premier’ membership, and greater than fifty
sightings will place the user into the ‘champion’ membership group. Sightings and membership
levels are tracked through the Membership Level page found on the User Profile page. Since I do
not have partnerships or sponsors in the initial planning of the HiveGuide app project, there is a
limitation in committing to monetary-based incentive strategies. | explain this obstacle in more
detail in the Limitation section of this thesis project.

Along with planning the HiveGuide app navigation and content areas, | recognize a need
to choose a color theme and font style that is unobtrusive yet appealing. The logo is also critical
to the HiveGuide app design, as it will represent the product in mobile app stores and be the first
image users see on the launch and home screens. These artistic steps pose a limitation for my
project as | do not have much graphic design experience. However, my experience with
information architecture and user interface design allows me to recognize this as a critical next
step in my project development as | obtain funding to expand the HiveGuide app team. | detail
these and other project obstacles in the upcoming Limitations section.

The following subsection presents a description of the HiveGuide app that appeals to

potential users and project investors.

Product Description
HiveGuide is a mobile application that provides resources, tools, and crowdsourced data
to promote bee and stinging pollinator conservation through a welcoming interface. The goal of

the HiveGuide app is to empower its users to help solve the problem of rapidly declining bee
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populations to protect the global economy and ecosystem. By embracing the age of mobile
technology with a smartphone application, the HiveGuide app will encourage bee and pollinator
conservation through incentivized participation and seek to protect the future of our pollinator
populations.

The HiveGuide app has three key components: Education, Collaboration, and
Communication. In terms of education, users learn about the differences in appearance, behavior,
and habitat across different bee and pollinator species. Humans often confuse harmless bees with
more aggressive wasps and hornets. With the HiveGuide app, users will understand key physical
and behavioral differences between stinging pollinator species and gain understanding of the
importance in protecting these vital creatures. Users collaborate to share information and
location of bee sightings, including found beehives and swarms. The HiveGuide app has
company partnerships to incentivize this crowdsourcing tool that include product and experience
discounts through REI, Patagonia, Clif Bar, and Sierra Club. Finally, a focus on communication
allows users to connect with area conservationists and ecology centers for safe removal or
relocation of hives and to learn more about local conservation efforts.

The HiveGuide app caters to users of various backgrounds, from children as young as 12-
years-old to senior citizens. Though most users of the HiveGuide app will likely be adults who
are active in outdoor activities, its user experience and interface will be accessible to anyone
seeking information on bee behavior and conservation efforts. Though several mobile
applications exist that cater to environmental awareness and sustainability, there are not enough
publicly available resources that focus on bee conservation. With attention to motivating user
activity and public awareness, the HiveGuide app will bridge the gap between scientific research

and engaging user participation through technology.
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The next Limitations subsection states the various obstacles faced during the

development and design of this thesis project.

Limitations

The most significant limitation to the initial development of the HiveGuide app is the
lack of user product testing with wireframe prototypes. Though the structure and layout choices
presented in wireframes may imply user interface and design intentions, the physical activity of
navigating an app is impossible to replicate without building it. At this stage of product
development, | do not have a tangible prototype for user testing. Therefore, | cannot adjust the
HiveGuide app design based on findings in app speed, intuition, and location accuracy.
However, understanding this limitation lays the groundwork for a definitive next step in the
development of the HiveGuide app: obtaining funding to hire mobile app developers to build the
first prototype based on the wireframes presented as part of this product-based thesis project.

Furthermore, another limitation to this project’s scope is the lack of a full development
team. As one person completing a thesis project, | alone reviewed literature, built wireframes,
and analyzed design choices. | recognize that | am not an app developer, graphic designer, or
software engineer, and | do not have the skill to build a beta app or convert my design ideas to a
physical app. Those steps, though crucial to the future of the HiveGuide app, will require funding
for a team of industry professionals.

Additional limitations come in the inability to source initial information needed to
produce the educational aspects of the app at this early development stage. Without partnership
with scientists, environmentalists, or conservation experts, it is challenging to construct a
database of information on species identification or accurate conservation methods. As this

information grows, users will have more comprehensive and rewarding experiences. This
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limitation should not be overlooked, as the success and impact of the HiveGuide app rely on
professional advice and research and should only come at the approval of such experts. Again,
this limitation offers a direct plan of action should funding be acquired and the HiveGuide app
development team can expand in number and scope.

Finally, there is a recognizable limitation in the time required to complete this initial
development and design report. Over the course of only three months, | identified a problem,
developed a solution, and designed a product to solve the problem. Though | accomplished much
in these short months with analyzing significant literature, building a framework for product
development, and creating wireframes, this project requires more time and attention to construct
a tangible, testable prototype.

The next section of this thesis project is a Product Analysis of the HiveGuide app. The
section describes how the project design effectively answers this thesis project’s inquiry
questions. The Product Analysis refers to wireframe prototypes provided in the Appendices of

this thesis project.
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PRODUCT ANALYSIS

This section of the thesis project examines the design of the HiveGuide app and answer
the Inquiry Questions presented in the Introduction. The inquiry questions that guided my

product design are:

1. Can a mobile application effectively educate and inform users on stinging pollinator
conservation efforts?

2. Can crowdsourcing features motivate users of a stinging pollinator conservation
mobile application to contribute behavior and habitat information?

3. Can a stinging pollinator conservation mobile application collaborate with local

ecology and conservation groups to drive user reach and support?

By assessing the wireframes of the HiveGuide app in relation to the above inquiry
questions, the following Product Analysis will identify the strengths, weaknesses, and

opportunities that will continue to shape the evolution of this product’s development.

Mobile applications can effectively educate and inform users on stinging pollinator
conservation efforts

Informed by the review of literature and critique of existing products in this space, the
HiveGuide app product aims to educate and inform users on the importance of stinging
pollinators in the global ecosystem and economy. In Appendix E of this thesis project, an

annotated wireframe presents the Learn page of the HiveGuide app where users will find a
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comprehensive platform for bee and pollinator education. By tapping on the Identify link, users
will learn how to identify and differentiate bees from wasps and other stinging pollinators.
Tapping the Save the Bees link will take users to an area devoted to conservation methods to
protect bee and pollinator habitats and populations. Finally, tapping the Beekeeper Guide link
will navigate users to a comprehensive guide of best practices and procedures for new and
existing beekeepers.

The Learn wireframe exhibits a clean, uncluttered layout to prevent an overwhelming
user experience and the ability to navigate to other areas of the HiveGuide app. The three
different areas that make up the Learn section of the HiveGuide app allow space for resources
rooted in professional research from scientists and organizations. The HiveGuide app product
could continue to be developed by securing such research and educational information from
specific sources. Though the Learn wireframe annotations indicate navigation options for the
user experience, the Identify, Save the Bees, and Beekeeper Guide pages have not yet been
designed. As the HiveGuide app team grows in number and scope, the educational material can
be collected, categorized, and published.

The development of the HiveGuide app product suggests that mobile applications can
effectively educate and inform users on stinging pollinator conservation efforts by providing an

accessible interface that accommodates a variety of professional, scientific resources.

Crowdsourcing features can motivate users of a stinging pollinator conservation mobile
application to contribute behavior and habitat information
The design of the HiveGuide app is informed by research on the effect of experience and

interface design in driving user activity in mobile applications. Additionally, a review of mobile
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applications powered by crowdsourced information and communication provided insight into
what tools and incentives the HiveGuide app will offer. Appendix D shows an annotated
wireframe that displays how the HiveGuide app will display crowdsourced data from the
community and allow users to report new pollinator activity. The Map/Report screen will use an
interactive map that allows users to view locations of user sightings and contribute photos and
information to new reports.

Appendix G shows a User Profile screen that displays the current user’s name, password,
membership level, and location. The membership level will be an incentive for HiveGuide app
users to contribute sightings as it will upgrade based on the number of submitted reports.
Tapping the Your Membership link at the bottom of the screen will take users to a description of
the different membership levels. Additionally, the Your Membership screen will inform
HiveGuide app participants on the various benefits and rewards offered at each level.

The HiveGuide app product will continue to develop in the implementation of
crowdsourcing tools and user incentives. As mentioned in the above Limitations subsection,
membership rewards and benefits will rely on partnership with businesses and organizations.
Until these partnerships and project funding are secured, further development of membership
incentives in the HiveGuide app is challenging to execute.

The design and collaboration elements included in the development of the HiveGuide app
accompanied by an incentivized membership structure suggest that crowdsourcing features can
motivate users of a stinging pollinator conservation mobile application to contribute behavior
and habitat information. However, this inquiry question could be answered in greater detail with

more time and team expansion.
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A stinging pollinator conservation mobile application can collaborate with local ecology
and conservation groups to drive user reach and support

The resources and information provided within the HiveGuide app are informed by
pollinator behavior and conservation research conducted by professional scientists and
organizations. With this focus in mind, the HiveGuide app wireframes present a means for users
to communicate with local environmental groups and learn more about conservation and
awareness initiatives at a local, state, and national level. Appendix F provides an annotated
wireframe of the Contact screen of the HiveGuide app which displays contact information for
these three levels. Contact information may include phone numbers, websites, email addresses,
and location addresses. The information provided on the screen will be based on the user’s home
location, found in the User Profile page (see Appendix G).

Along with providing organization and group information, the HiveGuide app could
develop further collaboration methods through advertising and promotional material. Appealing
to conservation and ecology groups to encourage participation within their communities can
increase the reach of the HiveGuide app and motivate activity. Additionally, businesses and
companies that partner with the HiveGuide app—including those mentioned above—could
encourage app use within their customer bases through social media posts and blogs.

The design intentions of the HiveGuide app, discussed in the above Methodology section,
show a focus on collaboration with a variety of environmental groups and organizations. The
Appendices of this thesis project exhibit straightforward access to contact information for such
groups in a clean user interface. Therefore, this thesis project suggests that stinging pollinator
conservation mobile application can collaborate with local ecology and conservation groups to

drive user reach and support. As previously discussed, the next steps for the development of the
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HiveGuide app depend on successful partnership and collaboration. However, collaboration
cannot take place without agreement from all parties, and such conversations and arrangements
have not been made at the completion of this thesis project. This inquiry question could be
addressed in more depth as partnership agreements are made.

The following section is the Conclusion of this thesis project. Subsections of the
Conclusion include Additional Findings discovered in the development of this thesis project, a
return to concepts addressed in the Problem Statement of this thesis project, and Future

Implications for the HiveGuide app and other work in the topics that informed this thesis project.
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CONCLUSION

The Conclusion of this thesis project presents closing thoughts and analyses found in the
development of the HiveGuide app product. The three subsections included in this section are:
Additional Findings, Return to Problem Statement Concepts, and Future Implications. The first
subsection describes new topics and questions procured in the development of the HiveGuide
app project that could inform further content and design choices. Next, this section revisits the
topics discussed in the Problem Statement of this thesis project and analyzes how the developed
product addresses these concepts. The final subsection presents the next steps for the future of
the HiveGuide app. The subsection also suggests further work in citizen science through mobile

applications and crowdsourced projects focused on bee and stinging pollinator conservation.

Additional Findings

During the development of this thesis project, | made product design and content
decisions informed by an analysis of research topics and a critique of current market offerings.
As | conducted research and built wireframes for the HiveGuide app, | found additional concepts
and questions that could influence the future development work of this project. These topics
include hardware and software differences in smartphone models, privacy concerns in mobile
technology, the use of cellular data and Wi-Fi in smartphone applications and verifying
reliability and reputation of resources.

As | began designing the HiveGuide app wireframes (see Appendices), | first chose a
master shape to serve as the foundation for my interface choices. Possible options for these

smartphone outlines included various shapes of iPhone and Android models. For the purpose of
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this thesis project, | chose to base the design of the HiveGuide app off of the newest iPhone
model available at the start of my development process. However, it will be important to
consider all possible smartphone hardware options in the next stages of development, as the user
interface and experience will rely on optimization across all platforms. Additionally, the software
included on iPhones and Androids are different and contain distinct design and navigation
functions. The HiveGuide app developers will need to consider these software differences when
building the app to ensure that it is compatible across various smartphone systems.

As | made choices regarding the tools and functions of the HiveGuide app and considered
factors of the user interface and crowdsourcing methods, I reflected on the use of location
tracking and possible privacy concerns. Users may feel discouraged over the thought of sharing
their location, but pinpointing such locations to make reports and capture bee activity is a vital
function for the HiveGuide app. The time restraints | faced during the development of this thesis
project prevented me from exploring the topics of privacy and location further, but they will be
important to consider in the future to gain user trust.

Another topic | need to research further as the HiveGuide app continues to develop is the
user of cellular data and Wi-Fi in smartphone applications. At the conclusion of this thesis
project, | have not analyzed the differences in reliability and availability between the two mobile
data sources. The HiveGuide app relies on functionality in outdoor areas, oftentimes in places
that are remote and may not have access to a strong cellular data signal. Furthermore, Wi-Fi
networks are often less accessible in outdoor settings and are likely not a viable way to provide
the data needed to run the HiveGuide app. This topic is beyond my scope, as | recognize that |
am not an expert in mobile data technology. I will require additional support to explore cellular

and Wi-Fi connectivity before making further development decisions.
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Finally, as the HiveGuide app will provide educational material and resources for users, |
found myself asking a significant question: What makes a resource reputable and reliable? The
success of the HiveGuide app will depend on accurate, science-based information. However,
how will the HiveGuide app team vet possible sources? Some of the current pollinator app
offerings mentioned in the Needs Analysis of this thesis project cite professional partnerships
with museums and organizations. For example, Bumble Bee Watch promotes its partnerships
with Wildlife Preservation Canada and the National History Museum, London (n.d.). Its website
also states that the project works with volunteer scientists to verify user reports. Developing a
resource verification and vetting process will be another vital step in the future of the HiveGuide
app and will require additional team members and time.

With this subsection, I reflected on the additional topics and ideas that could impact
future development decisions for the HiveGuide app. These topics require additional time and
team member support that the confines of this thesis project did not allow, as mentioned above in
the Limitations subsection. Though | was not able to explore these concepts further, they are
important to consider in informing the next steps in the development of the HiveGuide app.

In the following subsection, | assess how this thesis project addresses the Problem

Statement concepts | presented in the Introduction.

Return to Problem Statement Concepts

In the Problem Statement of this thesis project, three topics were introduced that
informed the development of the HiveGuide app product. First, bees and other pollinator
numbers are declining at an alarming rate. However, negative human attitudes towards bees and

other stinging pollinators are harmful to conservation and awareness efforts required to protect
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these vulnerable populations. This thesis project answers this problem by offering a product that
presents bees and stinging pollinators as vital parts of the global ecosystem and economy.
Through educational resources and partnerships with environmentally and sustainably focused
companies and organizations, the HiveGuide app will help users understand how to coexist with
bees and other pollinators without fear.

Next, there is a constant demand for mobile applications that inform and assist users in
everyday life. With this demand comes an increasing number of apps that guide users towards
sustainable and environmentally conscious lifestyles. In order for a mobile application to remain
relevant and popular amongst its users, the interface and overall user experience must be
engaging, rewarding, and easy-to-use. This thesis project addresses this topic by presenting a
mobile application with a clean, intuitive, and incentivized interface. The HiveGuide app’s
multiple content areas and user tools are designed with clarity and simplicity in mind to resist
overwhelming new users and promote regular activity. Annotated wireframe examples that
reveal the HiveGuide app design are provided in the Appendices of this thesis project.

Finally, the Problem Statement introduced the use of crowdsourcing in mobile
applications and within the scientific community. Citizen science initiatives that rely on user-
contributed data and information have been popular throughout history, but there is a severe lack
of projects that focus on bee and pollinator conservation and awareness. The programs and
projects that do exist are not accessible to the public, lack inviting and optimized mobile
interfaces, or are limited by time and scope constraints. The HiveGuide app addresses this
problem by providing a mobile application fueled by crowdsourced data that promotes bee
conservation and stinging pollinator awareness. Through incentivized membership levels and

collaboration with companies, organizations, and environmental groups, users will feel
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motivated to contribute reports and pollinator sightings to the HiveGuide app community. As the
number of users increases through partnership outreach and promotional messaging, the amount
of user-contributed data will grow and lead to more significant understanding and awareness of
bees and other stinging pollinators that are vital to plant and human life.

This subsection explained how the HiveGuide app addresses the topics introduced in the
Problem Statement of this project. The next subsection of this Conclusion explains the necessary
next steps in the development and design of the HiveGuide app. Additionally, it suggests future
goals for mobile technology in citizen science and initiatives devoted to stinging pollinator

awareness.

Future Implications

As the HiveGuide app seeks to create an environment of user-friendly and appealing
engagement and interface design, additional testing will be required to conclude how design
affects crowdsourcing activity in mobile environmental awareness initiatives. Furthermore,
citizen science efforts must focus on user engagement across mobile application interfaces to
remain relevant to new users. Finally, bee and pollinator conservation initiatives deserve a
deeper focus in citizen science research, particularly across mobile technology platforms.

The initial design and development planning for the HiveGuide app lays a foundation for
measurable next steps for the project. First, the HiveGuide app team must obtain funding from
technology and startup investors to support growth and compensation. As an NYU alum, | will
appeal to New York University’s Innovation Venture Fund, Impact Investment Fund, and
Prototyping Fund for initial investment capital. The HiveGuide app may acquire additional

funding through environmental foundations such as Sierra Club, Patagonia, REI, and the Clif Bar
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Family Foundation, as these programs offer grants and partnerships to projects focused on
environmental protection and educational initiatives and offer awards regularly.

As the HiveGuide app receives funding and sponsorship, the development and design
team will grow to allow for physical prototype building, multiple rounds of user testing, and
collaboration with scientists. Hired graphic designers will address the design limitations
discussed previously, and a team of researchers will be able to source educational material to
include in the Learn and Plan areas of the app.

The development of the HiveGuide app presumes that the future of citizen science resides
in technology, particularly in smartphones. As more scientific studies rely on data collected by
research participants, technological advancements must keep up with the demand along with the
growing reliance on fast, reliable mobile platforms. These conclusions mean that citizen science
project experiences must compete with the wide variety of other mobile applications that rely on
design to attract and retain new users. As technology advances, users require near-instant
gratification to motivate activity and participation in crowdsourcing. The HiveGuide app
recognizes this need in the citizen science community and will lead the development and design
of more mobile applications that focus on conservation and the environment.

Assuming that citizen science projects continue to attract participants to a variety of
initiatives, scientists and researchers must develop methods to include stinging pollinator
conservation efforts through mobile platforms. Bees and other pollinators will continue to be at
risk unless awareness methods are communicated through relevant, accessible means. Until
contemporary, updated ways of sharing conservation and education resources are developed
through mobile applications and community collaboration, there may be little change in the dire

prospects for pollinator species. The HiveGuide app will guide this ambitious step in
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encouraging bee and pollinator representation in mobile applications, but other projects must
follow suit to ensure global awareness and understanding.

This final subsection of the Conclusion of this thesis project offered insight into the
future of mobile applications in citizen science projects and collaborative efforts focused on bee
and stinging pollinator conservation. Furthermore, this subsection addressed goals for the future
development of the HiveGuide app and steps that can be taken to achieve them.

The Conclusion of this thesis project summarized the success and opportunities of the
HiveGuide app product. By answering the guiding inquiry questions of this project and
addressing relevant topics introduced in the Problem Statement, this Conclusion section
establishes that the HiveGuide mobile application is designed to use education, communication,
and collaboration to promote bee and pollinator conservation. Additionally, this section offers
insight into future goals and ambitions for the HiveGuide app design and development. Finally,
this Conclusion encourages additional work in mobile technology and user engagement in citizen
science along with greater attention to the ongoing plight of bee and pollinator population

declines.



HiveGuide 51

REFERENCES

Airbnb. (n.d.). Get to know Airbnb. Retrieved October 9, 2020, from https://www.airbnb.com/
d/howairbnbworks

Albrecht, K. (2017, September 29). How they crowd-sourced the Oxford English dictionary.
Psychology Today. https://www.psychologytoday.com/us/blog/brainsnacks/201709/how-
they-crowd-sourced-the-oxford-english-dictionary

Appalachian State University. (n.d.). The world bee count. Center for Analytics Research &
Education. https://care.appstate.edu/world-bee-count

Barrionuevo, A. (2007, April 24). Bees vanish, and scientists race for reasons. The New York
Times. https://www.nytimes.com/2007/04/24/science/24bees.html

Brown, S. (2020, April 22). 10 apps that help you be more sustainable in every area of life.
CNET. https://www.cnet.com/news/10-apps-that-help-you-be-more-sustainable-in-every-
area-of-life/

Bumble Bee Watch. (n.d.). About. Retrieved October 9, 2020, from https://www.
bumblebeewatch.org/about/

Ecobnb. (2020, June 17). 7 eco-friendly apps to help you help the environment.
https://ecobnb.com/blog/2020/02/eco-friendly-apps/

Encyclopaedia Britannica. (n.d.-a). Apocrita. In Britannica.com encyclopedia. Retrieved October
9, 2020, from https://www.britannica.com/animal/Apocrita

Encyclopaedia Britannica. (n.d.-b). Bee. In Britannica.com encyclopedia. Retrieved October 9,

2020, from https://www.britannica.com/animal/bee



HiveGuide 52

Environmental Protection Agency. (n.d.). HiveScience. Retrieved October 9, 2020, from
https://www.epa.gov/citizen-science/hivescience

Gallai, N., Salles, J., Settele, J., & Vaissiere, B. E. (2009). Economic valuation of the
vulnerability of world agriculture confronted with pollinator decline. Ecological
Economics, 68(3), 810-821. doi:10.1016/j.ecolecon0180168

Georgiou, M. (2018, March 1). User experience is the most important metric you aren't
measuring. Entrepreneur. https://www.entrepreneur.com/article/309161

Global pollinator map. (2020, May 20). Retrieved October 9, 2020 from https://app.gatherig.
analytics/reports/BeeDayProject.html

Goulson, D., Nicholls, E., Botias, C., & Rotheray, E. L. (2015). Bee declines driven by combined
stress from parasites, pesticides, and lack of flowers. Science, 347(6229), 1255957—
1255957. https://doi.org/10.1126/science.1255957

Guarana. (2019, January 10). How mobile apps can help with environmental and climate change
awareness. https://www.guarana-technologies.com/app-development/environment-apps/

Haberman, C. (2014, September 29). The head-scratching case of the vanishing bees. The New
York Times. https://www.nytimes.com/2014/09/29/us/the-head-scratching-case-of-the-
vanishing-bees.html

Hogan, A., Laufer, D., Truog, D., Willsea, W., & Birrell, R. (2016, December 28). The six steps
for justifying better UX. The Digital Customer Experience Improvement Playbook For
2020. Retrieved October 9, 2020, from https://www.forrester.com/report/The+Six+Steps

+For+Justifying+Better+UX/-/E-RES117708



HiveGuide 53

Holdener, M., Gut, A., & Angerer, A. (2020). Applicability of the user engagement scale to
mobile health: A survey-based quantitative study. JMIR MHealth and UHealth, 8(1).
https://doi.org/10.2196/13244

Howe, J. (2006, June 6). The Rise of Crowdsourcing. Wired. https://www.wired.com
/2006/06/crowds/

Jared Leal 75. (2019, December 22). Finally, a meditation app that works for me! [Online review
post]. Apple Inc. https://apps.apple.com/us/app/balance-meditation/id1361356590

Kearns, C., Inouye, D., & Waser, N. (1998). Endangered mutualisms: The conservation of

plant-pollinator interactions. Annual Review of Ecology and Systematics,29, 83-112.
Retrieved October 9, 2020, from http://www.jstor.org/stable/221703

Kobori, H., Dickinson, J. L., Washitani, I., Sakurai, R., Amano, T., Komatsu, N., Kitamura, W.,
Takagawa, S., Koyama, K., Ogawara, T., Miller-Rushing, A. J. (2015). Citizen science: a
new approach to advance ecology, education, and conservation. Ecological
Research, 31(1), 1-19. https://doi.org/10.1007/s11284-015- 1314-y

National Audubon Society. (2018, January 8). History of the Christmas bird count. Audubon.
https://www.audubon.org/conservation/history-christmas-bird-count

Nesta Challenges. (n.d.). The history. Longitude Prize. Retrieved October 22, 2020, from
https://longitudeprize.org/challenge/history

Pollinator Partnership. (n.d.-a). What are pollinators. Retrieved October 9, 2020, from
https://www.pollinator.org/pollination

Pollinator Partnership. (n.d.-b). Where we work. Retrieved October 9, 2020, from

https://www.pollinator.org/pollination



HiveGuide 54

Rutgers. (2020, July 29). Decline of bees, other pollinators threatens U.S. crop yields. Rutgers
Today. https://www.rutgers.edu/news/decline-bees-other-pollinators-threatens-us-crop-
yields

Schoénfelder, M. L., & Bogner, F. X. (2017). Individual perception of bees: Between perceived
danger and willingness to protect. Plos One, 12(6). https://doi.org/10.1371/journal.pone

Silver, L. (2020, August 25). Smartphone ownership is growing rapidly around the world, but
not always equally. Retrieved October 21, 2020, from https://www.pewresearch.org/
global/2019/02/05/smartphone-ownership-is-growing-rapidly-around-the-world-but-not-
always-equally/

The National Wildlife Federation. (n.d.). Bees. Retrieved September 16, 2020, from https://www.
nwf.org/Educational-Resources/Wildlife-Guide/Invertebrates/Bees

UlfhedinnErmana. (2020, September 24). Personalized, smart meditation. Best app I’ve used.
[Online review post]. Apple Inc. https://apps.apple.com/us/app/balance-
meditation/id1361356590

Ullrich, C. (2012, October 9). Citizen science. National Geographic Society.
https://www.nationalgeographic.org/encyclopedia/citizen-science/

U.S. General Services Administration. (n.d.). About citizenscience.gov. CitizenScience.gov.
https://www.citizenscience.gov/about/

Vanbergen, A., & Insect Pollinators Initiative. (2013). Threats to an ecosystem service: Pressures

on pollinators. Frontiers in Ecology and the Environment, 11(5), 251-259. Retrieved
October 9, 2020, from http://www.jstor.org/stable/23470505

Waze. (n.d.). About us. Retrieved October 9, 2020, from https://www.waze.com/about



HiveGuide

Wilson, T. V. (2007, May 30). How bees work. HowStuffWorks. https://animals.

howstuffworks.com/insects/bee3.htm

55



HiveGuide

APPENDIX A: Launch Page

HiveGuide: Annotated Wireframes
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Number | Label Description

1 Logo This image is the logo for the HiveGuide app.

2 Log In Tapping this button takes users to a log in portal.
3 Sign Up | Tapping this button takes users to a sign-up portal.
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APPENDIX B: Home Page

HiveGuide: Annotated Wireframes

Number | Label Description

1 Logo This image is the logo for the HiveGuide app.

2 Plan Tapping this button opens a drop-down menu for Plan pages. Tapping twice takes users to
the Plan landing page.

3 Learn Tapping this button opens a drop-down menu for Learn pages. Tapping twice takes users
to the Learn landing page.

4 Report | Tapping this button takes users to the interactive map.

5 Contact | Tapping this button takes users to the Contact landing page.

6 User Tapping this icon takes users to their User Profile page.

7 Help Tapping this icon takes users to the FAQ page.
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APPENDIX C: Drop-Down Menu

HiveGuide: Annotated Wireframes
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Number | Label Description

1 Logo This image is the logo for the HiveGuide app.

2 Plan Tapping this button opens a drop-down menu for Plan pages. Tapping twice
takes users to the Plan landing page.

3 Drop-Down Menu | This menu shows the Plan subpages. Tapping each link takes users to the
corresponding page.

4 Learn Tapping this button opens a drop-down menu for Learn pages. Tapping twice
takes users to the Learn landing page.

5 Report Tapping this button takes users to the interactive map.

6 Contact Tapping this button takes users to the Contact landing page.

7 User Tapping this icon takes users to their User Profile page.

8 Help Tapping this icon takes users to the FAQ page.
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APPENDIX D: Map/Report Page

HiveGuide: Annotated Wireframes
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Number | Label Description

1 Interactive Map | Users tap and drag around the map to view and interact with community reports.
2 Activity Mark This icon shows where HiveGuide community members have reported activity.
3 Action Menu This menu shows action options for users.

4 Location Mark | This icon shows the current location of the HiveGuide user.

5 Logo Tapping this image takes users to the app Home page.

6 User Tapping this icon takes users to their User Profile page.

7 Help Tapping this icon takes users to the FAQ page.
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APPENDIX E: Learn Page

HiveGuide: Annotated Wireframes
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Number | Label Description

1 Image 1 This image represents the Identify section.

2 Identify Tapping this link takes users to the Identify page.

3 Image 2 This image represents the Save the Bees section.

4 Save the Bees Tapping this link takes users to the Save the Bees page.

5 Image 3 This image represents the Beekeeper Guide section.

6 Beekeeper Guide | Tapping this link takes users to the Beekeeper Guide page.
7 Logo Tapping this image takes users to the app Home page.

8 User Tapping this icon takes users to their User Profile page.

9 Help Tapping this icon takes users to the FAQ page.
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APPENDIX F: Contact Page

HiveGuide: Annotated Wireframes

Contact

e T Y e e

Nationdl’/ /. Lz

B e e B B e 5

61

Number | Label Description

1 Local This text displays information about Local environmental and conservation groups.

2 State This text displays information about State environmental and conservation groups.

3 National | This text displays information about National environmental and conservation groups.
4 Logo Tapping this image takes users to the app Home page.

5 User Tapping this icon takes users to their User Profile page.

6 Help Tapping this icon takes users to the FAQ page.




HiveGuide

APPENDIX G: User Profile Page

HiveGuide: Annotated Wireframes
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Number | Label Description

1 Welcome This text displays a greeting and the user’s name.

2 User Image This image shows the user’s uploaded profile image.

3 Edit Tapping this link allows users to edit their profile image.

4 Name This text shows the user’s name.

5 Password This text shows the user’s password, representing characters in “eeee .
6 Member Level This text displays the user’s membership level.

7 Location This text shows the user’s registered location.

8 Edit Profile Tapping this link takes users to a profile editing page.

9 Your Membership | Tapping this link takes users to a page explaining different membership levels.
10 Logo Tapping this image takes users to the app Home page.

11 Help Tapping this icon takes users to the FAQ page.
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APPENDIX H: FAQ Page

HiveGuide: Annotated Wireframes

Number | Label Description

1 Collapsible Menu | Tapping this button opens a collapsible text box that answers the question in the
button. Tapping again closes the text box.

2 Logo Tapping this image takes users to the app Home page.

3 User Tapping this icon takes users to their User Profile page.
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