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SMART Buoys: Integrating Data Visualization and Design to Reduce Ocean Life Casualties

Introduction 

In recent years, the impact humans have had on the world, and specifically the world’s oceans and marine life, have sur-

faced as one of the most continuously discussed topics in news feeds and other media outlets (Elliott, 2018). Specifically, 

current research and well-known stories have detailed the disastrous effects—direct and indirect—humans have had 

on the oceans (Ocean Priorities, 2009; Weiss & McFarling, 2006; Yong, 2019). The impact of human activity on marine 

life through unsustainable actions, recreational activities, pollution, and consumption patterns continues to lead to calls 

for attention and action of individuals worldwide. Many organizations, researchers, and individuals have sought to raise 

awareness of the importance of ocean conservation and sustainable actions in the hopes of counteracting the impacts 

of human-environment interactions by shaping how humans view, use, and manage the ocean environments (United 

Nations, 2019; United Nations Department of Economic & Social Affairs, 2014).

Today, the world’s oceans show the results of many subtle and profound changes (Davidson et al., 2012); for example, 

recent research shows that no area of the ocean remains completely unaffected by human influences (Halpern et al., 

2008). Further, investigation shows that approximately forty percent of our vast oceans are strongly affected by multiple 

human impacts (Halpern et al., 2008). These include—but are certainly not limited to—pollutants (i.e., chemical con-

taminants, debris, and even sonar noise), by-catch, shipping, overharvesting, global warming, ocean acidification, and 
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the altering of food webs (Halpern, et 

al., 2008; Schipper et al., 2008). Nega-

tive impacts to natural environments 

and wildlife, such as these, continue 

to increase globally as the demand for 

space and resources continues to grow 

in order to accommodate the world’s 

population.

Oceans overall continue to be affected 

by changes in temperatures, acidity lev-

els, and even available nutrients; these 

impacts transition to the living things 

found within these waters. Specifically, 

marine mammals—key players in our 

ecosystems—have found themselves in 

the crosshairs of many of these chang-

es (Schipper et al., 2008). The Interna-

tional Union for the Conservation of Nature (IUCN) currently identifies one-fourth of marine mammals to be at risk of 

extinction (Davidson et al., 2012), and estimates show that approximately three-fourths of marine mammals experience 

high levels of human impact within their geographic ranges; impacts from activities such as fishing, shipping, pollution, 

sea surface temperature change, ocean acidification, invasive species, oil rigs, and human population density (Schipper 

et al., 2008).

Among marine mammal mortality rates, the single greatest threat has been found to be accidental mortality (i.e., vessel 

strikes and fisheries’ by-catch [unwanted catch collected during the fishing of other species]) (Schipper et al., 2008). In 

Florida, one case of impact became the subject of multiple news stories, as it was found that one-fourth of all recorded 

manatee deaths had resulted from manatees being struck by boat props (Calleson & Frohlich, 2007). Manatees, howev-

er, are not the only documented cases of high accidental mortality rates within marine mammal populations. Every year 

thousands of seals are also killed by boat props—casualties resulting from boats inadvertently speeding over feeding 

seals, with often fatal results. Although these casualties are not as drastic in numbers within all marine species, the issue 

of ecosystems being affected by human activity (such as boating) is universal and has had an adverse effect on the envi-

ronment and marine life populations (National Ocean Service, 2019).

Innovations for Saving Marine Wildlife

Over time, a range of approaches and methods have been used in an attempt to study the behavior and movement of 

marine animals. Only recently however, has data been provided and available publicly for a variety of species. Sharks, for 

Figure 1.
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example, are studied using pop-up archival tags (PAT)—a 

type of tag that collects various information about spe-

cific species patterns, such as the depth of dives (cal-

culated from pressure), ambient light used to estimate 

and track locations, as well as internal and external body 

temperature (Musyl et al., 2011). New techniques and 

devices such as these are advancing our understanding 

of animal species and their environmental patterns, 

which may provide individuals with valuable information 

needed to continuously create and innovate methods of 

aiding marine wildlife.

As GPS technology has resulted in mapping and track-

ing data for a variety of marine life, it is possible that 

accidental mortality incidents among marine animals 

can be reduced as boaters are made more aware of 

their surroundings. For example, it is feasible that GPS 

technologies could be used to alert boaters to slow 

down around, or avoid, high-population-density areas of 

marine mammals. 

To build upon this concept, the authors developed a lesson to provide students with the opportunity to engage in core 

design practices that are informed through data visualization techniques of marine wildlife patterns to reduce the 

amount of marine-life casualties. In this lesson, students are tasked with creating a solution—through the use of engi-

neering design—to address one of the greatest threats to marine animal species by reducing boating accidents. Specifi-

cally, students are tasked with designing a buoy that will provide boat drivers with a warning about nearby marine life so 

they can respond appropriately. An overview of the lesson can be found in Table 1, with the full Lesson Plan included as 

Table 2.

Engineering Classroom Connections

In this lesson, students engage in analyzing generated data from OceanTracks.org (Figure 1), identifying patterns and 

creating a data visualization model based on their own research of scientific data in order to inform design decisions. Stu-

dents consider the interactions from their chosen combination of variables involving marine wildlife movement/patterns, 

human impacts, and environmental factors in order to develop a visual representation of a geographic location with 

high marine wildlife activity overlapping regions of high human impacts. Students are challenged to use their newfound 

insights derived from their visual model to drive design decisions as they design and prototype an automated buoy for a 

specified “ocean” region in the hopes of alerting boaters of nearby marine life.

Figure 2.

https://oceantracks.org/
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This lesson incorporates current and relevant global issues in the hope of providing a way to engage students in a mul-

titude of engineering and technical concepts, while also developing crucial applied skills necessary for the 21st century, 

such as critical thinking, information literacy, and technology literacy (Dean et al., 2010). Additionally, the many paral-

lels between the engineering and visualization processes may reinforce critical areas such as collaboration, creativity, 

imagination, critical thinking, and problem solving (Byrd, 2018). As students work through the engineering process and 

visualize the data associated with the project, this lesson facilitates informed decision making with visual representation 

of the data (created by the student) to support those decisions and further reinforce engineering and data visualization 

principles.

The lesson includes a classroom design challenge and the associated lesson designed to integrate STEM content through 

the authentic and socially-relevant context of a current global issue, marine-life causalities. It is clear that news stories 

and policies are reflecting the need for individuals to be informed of the impacts humans have on the earth, not only on 

a large scale, but also through small, everyday choices. Integrating the authentic and socially relevant context of a global 

issue within lessons not only aids to engage students, but also promotes the importance of working towards imagining, 

designing, modeling, and even testing potentially viable solutions to the problems they see—and hear of—around them.

Conclusion

It is the authors’ hope that providing an engineering challenge that requires the use of data to inform design decisions 

will call attention to the value and advantages that data collection and analysis can provide to students during their 

decision process. While the processes of tinkering and trial and error within an engineering/technology classroom are 

common, it is also important for educators to provide students with opportunities in which research and data visualiza-

tion can be used to inform and drive design decisions. It is crucial that students are knowledgeable about—and develop 

experience with—a multitude of processes and principles that they can employ to approach the challenges and problems 

they hope to solve. Therefore, providing socially relevant design opportunities for students, while also incorporating 

challenges requiring research and data, can hopefully result in a more effective solution than what could be achieved 

through simple trial and error.
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Figure 2.
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