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Human-wildlife conflicts pose significant challenges in outdoor recreation, endangering both hikers and
wildlife while disrupting ecological balance. Despite the prevalence of wildlife-related risks—ranging from
confrontations with large animals to exposure to disease-carrying insects, existing outdoor hiking tools focus
narrowly on navigation and search route conditions, lacking systematic solutions for mitigating human-wildlife
conflicts. This study addresses this gap through thematic and requirement analyses of trail journals and expert
interviews to identify risk factors and inform the design of recommender systems for safer hiking practices.
Our findings highlight the need to inform and educate hikers about prevention and deterrence methods,
coupled with the development of context-aware recommender systems that share real-time information. These
systems should provide customized warnings tailored to specific wildlife risks and conditions, ensuring hikers
are well-prepared and capable of making responsible decisions. This research contributes actionable insights
for hikers, policymakers, and trail managers to promote sustainable outdoor recreation.
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1 Introduction

The escalating impacts of climate change [1, 32], and habitat destruction [64] have heightened the
urgency of promoting sustainable coexistence between humans and wildlife [65]. Hikers venturing
into wilderness areas with minimal gear and support, represent a group uniquely vulnerable to
conflict and harm linked to interactions with wildlife. Their activities often lead to unintentional
disturbances, such as altering wildlife behavior and habitat use [39, 57], and improper actions
like going off-trail or failing to follow wildlife safety guidelines [35, 46, 73, 78]. These disruptions
not only pose risks to biodiversity but also endanger hikers themselves, with encounters ranging
from minor inconveniences to serious threats, such as bear confrontations or tick-borne diseases
like Lyme disease [38, 76]. From a conservation perspective, human presence on trails can disrupt
wildlife behavior and cause ecological damage. For example, while some species avoid areas near
trails [7, 73], others exhibit approach or positively selected human-made trails when hikers stray
off designated paths [35]. These issues are exacerbated by the costs of maintaining trail systems
and repairing damages caused by off-trail activities, which often depend on volunteer labor [27].
However, there is little exploration of the risk factors linked to hiker-wildlife interactions in the
HCI community. Existing outdoor recommendations for hikers focus on route suggestions, gear
advice, and navigation support [28]. Popular trail apps like AllTrails [3] and FarOut [17] provide
awareness of a limited range of threats such as route conditions, and mosquito tracking [2] but lack
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a systematic approach to mitigating hiker-wildlife conflict in both the short term and long term.
This study addresses this gap with qualitative analyses of trail journals and semi-structured expert
interviews. It investigates the current state of hiker-wildlife interactions to uncover its influencing
factors and how these factors can inform the design of recommender systems to foster safer, more
informed, and responsible hiking practices. The primary research questions of our study are as
follows:

(RQ1). What risks do human-wildlife conflicts pose to hikers?

(RQ2): How can we assist hikers in preparing for and responding to wildlife interactions and
conflicts, and how can recommender systems be utilized effectively as a mediator in these scenarios?

By educating hikers to become better stewards of nature, this research contributes to the overall
goal of sustainable harmonious coexistence of humans with wildlife. Specifically, the findings of this
study can inform the development of context-aware recommender systems that bridge the gaps in
current hiker-wildlife conflict datasets and tools. As outdoor recreation expands globally, this study
determines the design factors that support recommender systems to allow hikers to remain highly
aware of wildlife threats, be educated and follow responsible hiking practice. The contributions of
this study extend beyond the individual hiker to policymakers, trail managers, and environmental
stakeholders, offering understanding for encouraging sustainable outdoor recreation.

2 Related Work
2.1 Human-Nature Interactions and Role of Technology

Digital technologies have been used widely in outdoor contexts, from urban parks to remote
wilderness [31], from enhancing human-nature connections [49, 61, 77], overseeing environmental
conditions [62], to promote education [26, 66], and enable sustainable management [50]. However,
research in HCI Outdoors has primarily centered on urban areas. in temperate climates, with limited
studies in extreme or less developed environments like semi-primitive areas or those with tropical,
dry, or polar climates area[32]. Human-nature relations emphasizes the dual role of technology as
both a barrier and a bridge to nature [77]. While technological advances have disconnected humans
from natural experiences, they also offer tools for re-engagement, such as ecological education
[14, 59, 74], citizen science tools [54], and conservation technologies [53, 62, 70]. Frameworks
proposed by Jones et al. stress balancing digital interventions with nature’s restorative effects by
fostering connections to place, time, and community [30]. This research seeks to expand human-
nature interactions by addressing the challenges of semi-primitive areas with limited infrastructure
and diverse climates like the Appalachian Trail [37]. It aims to develop design principles that promote
environmental awareness and conservation through technology that respects and preserves the
intrinsic value of nature. The findings will inform sustainable, context-appropriate, and nature-
conscious technological solutions, contributing to the broader HCI discourse.

2.2 Human-Wildlife Conflict and Risk Management

Human-wildlife conflicts often arise from competition for space and resources, leading to risks
such as property damage, disease transmission, and physical attacks [55, 71, 72]. Effective risk
management involves understanding the spatial dynamics of these interactions and implementing
measures such as exclusion techniques (e.g., fencing) to protect human interests while preserving
wildlife habitats [11]. Perception of risk significantly influences how individuals and communities
respond to wildlife interactions. Communication strategies that leverage narratives and imagery can
effectively shape public attitudes and foster support for wildlife management policies [21]. Tailoring
these strategies to specific audiences, considering their prior attitudes and cultural contexts, further
enhances their impact [21]. Studies in Namibia illustrate how local perceptions of risk can inform
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Fig. 1. (Left) Research methodology overview: collecting trail journals, analyzing trail journals, interview,
affinity diagramming and requirement analysis. (Right) a screenshot of the work-activity affinity diagram
(WAAD) representing frequent topics, factors and rationales linked to hikers’ risk awareness and response in
the outdoors.

conservation planning and risk communication efforts, making them more effective and culturally
sensitive [33]. Managerial technologies in outdoor settings provide real-time risk assessments
and enable proactive safety measures [4], enhancing the safety of outdoor activities [40, 43, 67].
Embedded systems for real-time data collection and intelligent analysis have been employed in
outdoor sports safety management, predicting potential risks and issuing timely warnings [16].
Similarly, crowdsourcing is pivotal in disaster risk management, where volunteers collect critical
in-situ information that aids policymakers and rescue teams in risk reduction efforts [34, 50]. And
multiple other technology and applications have been developed for ensuring user safety in the
HCI outdoors, such as route finding [69], hazard sensing [4, 23], hazard visualization [22, 68].

2.3 Recommender Systems and Outdoors

Recommender systems are well-known for their ability to assist users with decision-making
by filtering and prioritizing information, preventing information overload, and accounting for
individual tastes and preferences [29, 52]. Recommender systems for outdoor activities support
crucial user tasks, including optimizing routes, recommending gear and finding local attractions.
Popular apps like FarOut [17] and Alltrails [3] incorporate recommender systems to support
selecting routes, planning dates, and navigating. However, their trail informatics features, such as
ground condition tracking and mosquito activity tracking [2] do not have the ability to highlight
risk factors for different geographies, seasons, and animal types. Wildlife safety apps like Repawts
[58] do not focus on personalized threat response and prevention measures. In academic work,
recommendation systems for outdoor contexts have also been studied to address a range of user
needs [28]. For example, they propose routes that not only meet hikers’ requirements but also help
manage trail congestion and promote environmental education. These systems employ network
analysis and multi-criteria decision analysis to suggest viable routes, considering factors such
as trail difficulty and the conservation needs of the area [51]. However, existing recommender
systems for hikers are limited in highlighting the risks associated with trail or route difficulties
[28, 36]. We believe that by integrating advanced recommender systems with traditional wildlife
risk management strategies, it is possible to mitigate human-wildlife conflicts more effectively. This
integration could promote safer and more informed hiking practices. Our goal is to contribute to
the future development of such recommender systems in this domain.

3 Methodology

This section outlines the steps to investigate hikers’ interactions with wildlife, focusing on scenarios
resulting in negative experiences. Building on previous work in the Nature-HCI domain [60, 77], our
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approach integrates quantitative analysis of hiker trail journals, expert and hiker interviews, and
Work Activity Affinity Diagram (WAAD) techniques [24] (See Figure 1). We analyzed Appalachian
Trail hikers’ journals for 2023 and 2024 in text-written format, which are publicly available on
TrailJournals.com [75]. These journals, authored by hikers documenting their experiences, provided
data on interactions with wildlife. Using open coding [63], we identified scenarios involving
animals, insects, and plants, focusing on negative encounters. Key aspects analyzed included the
types of wildlife involved, coping strategies used, and the severity and frequency of incidents. To
validate journal insights, we interviewed 4 experts and 6 experienced hikers. Experts included
conservationists, wildlife ecologists, and national park managers, who shared theoretical and
management-oriented perspectives. Hikers provided firsthand accounts of wildlife interactions,
coping mechanisms, and challenges. Interviews were transcribed into work activity notes and
analyzed using work-activity affinity diagramming (WAAD) [24]. A team of 5 UX design experts
with varying hiking experiences collaborated to identify user needs and challenges from the WAAD.
These needs informed our requirement analysis [8] to identify key functionalities and constraints
for a recommendation system to help hikers better manage wildlife encounters.

4 Findings and Discussion

In this section, we present key findings from trail journals and expert interviews to provide a com-
prehensive understanding of hiker-wildlife interactions, including perceptions, coping strategies,
and systemic challenges within two main categories: understanding the risk of hiker-wildlife Inter-
actions and responding to these risks. We also discuss key design requirements for a recommender
system to promote awareness and prevention of hiker-wildlife conflict.

4.1 Understanding the Risks of Hiker-Wildlife Interactions

4.1.1  Severity and Frequency of Wildlife Encounters. Hikers and experts emphasized the contrast
between large mammals, which pose the most serious potential threats, and smaller creatures,
which are more frequently encountered. Large animals such as bears, moose, and venomous
snakes were commonly documented in journals as significant hazards, with hikers describing
encounters that could endanger life. Experts confirmed these observations but emphasized that
such interactions are rare and highly situational. Factors such as seasonality, regional behavior
patterns, and human activity significantly influence the likelihood of these encounters. For example,
bears in Shenandoah National Park are generally non-aggressive and avoid humans, whereas bears
in the Smoky Mountains, accustomed to human food, exhibit more dangerous behaviors. Conversely,
diminutive organisms such as ticks, mosquitoes, and flora like poison ivy are identified as prevalent
irritants, a conclusion consistently supported by journal entries and expert interviews. Ticks are
particularly concerned due to their role in transmitting Lyme disease and other pathogens. Unlike
large mammals, these small hazards require ongoing, daily management, including tick checks, the
use of repellents, and wearing protective clothing. While these nuisances are less life-threatening,
their persistent presence makes them a major source of discomfort and health risks for hikers.
Poison ivy, frequently mentioned in journals, was also noted by experts as a recurring issue plants
for hikers, especially in the eastern United States.

4.1.2  Emergency Preparedness. The amalgamation of journal articles and interview data has elu-
cidated a plethora of systemic obstacles impeding the efficacy of wildlife risk management. A
paramount challenge identified is the accessibility of knowledge and resources. Numerous hikers
have confessed to embarking on their journeys ill-prepared, often devoid of critical safety im-
plements such as bear spray or repellents. Experts have pinpointed the root of this issue in the
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inadequate educational outreach prevalent, particularly at trailheads. At these initial points of con-
tact, unprepared visitors are unlikely to independently pursue pertinent wildlife safety information,
exacerbating the problem.

Technological tools are recognized for their significant contributions, yet their utility is not
without constraints. Hikers commonly employ applications to monitor wildlife sightings and
environmental hazards, a practice that experts acknowledge enhances both planning and situational
responsiveness. Nevertheless, challenges persist, including the frequency of outdated entries, the
imprecision of spatial data, and the dynamic nature of wildlife, all of which can compromise the
reliability of such information. Moreover, experts express concerns regarding the potential misuse
of such apps by hikers seeking wildlife encounters, inadvertently increasing risks by attracting
people to potentially dangerous areas. Despite these concerns, platforms that leverage community
engagement and citizen science, such as iNaturalist [47], are recognized for their capacity to provide
enriched spatial and temporal data, thus supporting the needs of those tracking specific species in
natural settings.

4.2 Responding to the Risks of Hiker-Wildlife Interaction

4.2.1 Conflict Deterrence and Prevention. Hikers documented several strategies to mitigate wildlife
risks, which were largely corroborated by expert perspectives. Maintaining vigilance and observing
surroundings were commonly mentioned approaches, enabling hikers to detect potential threats
before they escalated. Noise-based deterrents, such as clapping, talking loudly, or using bells, were
frequently employed to avoid surprise encounters with larger animals. Repellents and tools like bear
spray were also highlighted as essential for managing risks from large animals and insects. Food
storage and waste management emerged as critical preventive measures, with hikers emphasizing
proper handling and disposal to avoid attracting wildlife. Experts confirmed the importance of these
strategies, stressing that improper food storage can lead to behavior changes in animals, increasing
their likelihood of approaching humans and becoming dangerous to other hikers. However, both
journals and interviews noted that these strategies were not always practical. Wildlife encounters
were often described as unpredictable. In many cases, insufficient preparation or lack of knowledge
exacerbated these risks. Hikers frequently reported not knowing how to predict animal presence
or respond appropriately during encounters. Experts emphasized the significance of this gap,
particularly for novice hikers, who are more likely to respond inappropriately to wildlife threats.

4.2.2  Education and Outreach. Both journals and interviews underscored the pivotal role of edu-
cation and preparation in reducing hiker-wildlife conflicts. Successful encounters documented in
journals frequently involved hikers with prior knowledge of wildlife behavior, proper food storage
techniques, and situational awareness. In addition to reflecting on individual experiences, trail jour-
nals can serve as a valuable resource for educating and motivating good behavior. Journals provide
a peer-driven platform for promoting best practices among hikers by sharing detailed accounts
of successful strategies and mistakes. Experts emphasized the need to enhance hiker preparation
through targeted outreach efforts, particularly for novice hikers less likely to seek or possess critical
knowledge before entering the trail. Digital platforms, including social media, were identified
as effective channels for engaging broader audiences with wildlife safety information. Experts
suggested using simple, visually engaging materials such as info-graphics or step-by-step protocols
to educate hikers on best practices. Additionally, timely reminders, such as preparing mosquito
repellents before hikes or conducting daily tick checks, were considered practical interventions to
reinforce preventive behaviors.
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4.3 Designing Recommender Systems to Mitigate the Risks of Hiker-Wildlife
Interaction

We consider recommender systems a viable platform for reducing hiker-wildlife interaction prob-
lems by enhancing hiker safety and ecological awareness. This is due to their ability to process
large volumes of information [20, 28], tailor content based on context adapt to rapidly changing
environments [28, 79], and incorporate educational features effectively [51].

4.3.1 Recognizing Risks to Enhance Awareness and Preparation. One major insight from our analysis
is the importance of helping hikers recognize risks before encountering them. A tailored recom-
mender system, functioning as an "outdoor guide," could proactively offer real-time alerts based on
specific factors such as geographical location and seasonal conditions. This system might enhance
its utility by incorporating visual tools, like threat maps or overlays, which are accompanied by con-
cise explanations detailing the risks associated with particular conditions or behaviors. It shortens
the time and effort the information collection and decision making process for hikers. Such features
ensure that hikers understand the presence of dangers and their underlying implications in timely
fashion. Preparation also emerged as a critical phase where personalized guidance can significantly
improve safety. By analyzing plans for a particular route and time of year, the system could offer
gear recommendations along with explanations of each item’s importance. A beginner might
learn how essential insect repellent is on certain trails, while an experienced hiker could discover
optimal ways to pack for various trail conditions. Tutorials—tailored by skill level—could even teach
basics like map-reading or safe wildlife interactions. However, these enhancements are not without
potential drawbacks. Flooding users with constant alerts can cause fatigue, prompting them to
disregard vital information [41]. Finding a way to balance the benefits and costs of notifications is
the way to ensure optimum result [48]. In the meantime, overly detailed overlays and maps, while
helpful, may distract from the trail, and providing exhaustive tutorials or equipment lists could
overwhelm beginners or those seeking a more casual experience [5, 6, 9, 45].

4.3.2  Adapting to Changing Conditions. Hiking conditions exhibit considerable uncertainties [60],
necessitating systems that facilitate user adaptation to fluctuating trail environments. Our research
underscores the critical importance of context-aware intelligence systems that leverage real-time
data to modify recommendations dynamically. For example, when a trail closure occurs due to
wildlife activity, such a system could proactively offer an alternative route that aligns with the
user’s intended destination. As mention in the previous section, different gear should be bought for
different time and location. The addition of offline capabilities ensures that these insights remain
available even in areas with limited connectivity. Moreover, the system’s utility extends beyond
simple navigation, offering vital support in emergency scenarios through clear, sequential guidance.
In a venomous snake encounter, the system could instruct hikers to remain stationary, display the
locations of nearby medical facilities, and provide essential first-aid instructions. Explaining each
recommended action enhances user confidence in critical situations, enabling a swift and effective
response. By customizing these recommendations to fit specific circumstances and the user’s
contextual needs, the system assures that hikers can navigate routine and emergent challenges with
assurance. But tailored recommendations require extensive user data, which could raise concerns
regarding privacy and the degree of personalization [15].

Such advanced functionalities involve trade-offs. Leveraging immediate trail-closure information
and wildlife sightings relies on frequent data updates and stable connectivity, which might be
unavailable in remote regions and drain digital device battery quick to make it last short. Auto-
recommended detours reduce the cognitive load associated with route planning. Still, they can lead
to frustration if users prefer different paths or to over-reliance if they become too dependent on
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system guidance. Balancing these benefits against potential pitfalls is key to maintaining trust and
usability [10]. Tailored recommendations require extensive user data, which could raise concerns
regarding privacy and the degree of personalization [15]. To address these challenges, strategic
caching or periodic synchronization can keep data as current as possible, even when connectivity
is intermittent. Low-power usage modes could preserve battery life on extended treks and optional
manual overrides allow users to make their own route decisions. Above all, clear explanations
for each recommendation ensure hikers remain in control and understand the rationale behind
every suggestion. Combining adaptive intelligence with user empowerment can promote safety,
flexibility, and confidence under ever-changing conditions.

4.3.3 Encouraging Responsibility and Sustainability. The WAAD analysis highlighted the vital
role of technology in promoting responsible hiking practices. A recommender system can guide
hikers toward sustainable actions—such as choosing eco-friendly campsites, staying clear of fragile
ecosystems, or reducing noise in sensitive wildlife areas. These tips would seamlessly integrate
into the system’s other features, providing justifications illustrating how each choice contributes to
environmental preservation. By weaving sustainability into routine recommendations, the system
reinforces the importance of minimal impact principles. Personalization is crucial to ensuring these
messages resonate. Novice hikers, for instance, could receive basic reminders tied to Leave No Trace
principles [46]. At the same time, experienced users might explore advanced content on long-term
trail erosion or climate change effects. This tailored approach helps users understand the immediate
and broader consequences of their actions. Over time, they can develop the knowledge and the habits
necessary for low-impact outdoor activity. To further bolster engagement, the system could offer
tutorials, visualizations, and interactive guides that make complex concepts more accessible and
memorable. For example, an animation might illustrate how to observe wildlife without disturbing
their habitats, or a step-by-step walk-through could show how to minimize ecological footprints
when setting up camp. Embedding educational moments into everyday interactions empowers
hikers to explore the outdoors ethically and with greater confidence.

Indeed, these features entail trade-offs. The efficacy of proactive prompts, such as reminders
to remain on designated trails, remains uncertain in remote outdoor settings where traditional
communications might falter. Additionally, highly interactive system elements that demand constant
screen interaction could inadvertently distract users from crucial environmental cues, deviating
from established HCI Outdoor design principles [49]. Striking an appropriate balance among
these factors is crucial to developing an impactful, user-friendly system that promotes responsible
behavior while enhancing the enjoyment of the natural environment.

4.3.4 Leveraging the Wisdom of the Community. Hikers are not just users but also critical contribu-
tors to a broader knowledge ecosystem. By reporting real-time insights—such as bear sightings
or trail closures—they enrich the system’s data, enabling timely alerts for others. To ensure re-
liability, the platform can cross-reference these community submissions with official data and
employ credibility badges, fostering both shared responsibility and trust. Because collecting ac-
curate wildlife data is inherently risky and costly, leveraging citizen science and crowd-sourcing
features [18, 25, 77] can help maintain a comprehensive, up-to-date database that benefits both
users and wildlife conservation efforts. Engaging the public in data gathering and updates improves
accuracy and deepens user involvement and advocacy for conservation efforts. As hikers contribute
their observations, they become more invested in the stewardship of the environments they explore.
Designing ethical, user-centric citizen science platforms is equally important. Flexible access permis-
sions and governance models, such as those demonstrated by CitSci.org [44], can preserve privacy
while maintaining openness. At the same time, mechanisms like badging and credentialing can
distinguish official alerts from community-contributed updates, providing visual cues about each
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source’s expertise or credibility [12, 13, 42, 56] and fostering greater trust. However, publicizing
sightings of dangerous animals introduces an ethical dilemma: while sharing this information can
alert hikers to potential risks, it may also attract thrill-seekers who intentionally approach those
animals or aid poachers in illegal hunting or other activities [19]. Blurring exact locations is one
potential solution, but it diminishes transparency, possibly eroding trust in the data’s accuracy.
Balancing user safety, protecting wildlife, and ensuring the reliability of community-sourced data
remain core challenges in designing effective, ethical risk-monitoring systems.

5 Limitations and Future Work

Our study’s reliance on trail journal analysis and expert interviews may overlook nuanced, user-
specific needs or preferences. Additionally, hardware and infrastructure-related limitations were
not considered during the analysis, potentially impacting the feasibility of proposed solutions
in specific contexts. Future work should emphasize iterative ideation and prototyping, engaging
diverse user groups and experts through participatory design workshops to refine system features
and usability [24]. Evaluation of these prototypes should combine expert reviews with real-world
user testing to ensure practical applicability, ecological sensitivity, and alignment with the diverse
conditions encountered in outdoor environments.

6 Conclusion

Through an intensive qualitative analysis of hiker trail diaries and expert input from the domain,
we analyzed the risk factors for hiker-wildlife encounters and identified design opportunities for
a recommender system to mitigate risks. We found that the risk to hikers posed by wildlife is a
function of both the severity and frequency of the encounter. Extremely dangerous animals are
less frequently encountered than parasite-carrying insects or poisonous plants which can cause
illnesses and pain and diminish the quality of the hiking experience on a larger scale. Preparation for
emergencies is a critical component of hiking safety. However, inadequate preparation often leaves
hikers ill-equipped to handle wildlife threats, both in terms of a lack of proper equipment as well as
a lack of proper knowledge. To counter these threats, hikers should educate themselves on active
prevention and deterrence methods specific to the wildlife they encounter. Community-sourced
insights and interventions can effectively augment existing wildlife threat awareness tools in order
to improve their relevance, actionability, and personalization.
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