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ABSTRACT
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The Oceans of Data Institute (ODI) at the Education Development Center (EDC),
Inc.; Stanford University; and the Scripps Institution of Oceanography have been
collaborating, with the support of three National Science Foundation grants over
the past 5 years, to bring large scientiﬁc data sets into secondary and postsecondary
classrooms. These efforts have culminated in the development of a Web-based student interface to marine science data called Ocean Tracks (http://oceantracks.org),
which incorporates design principles based on a broad range of research ﬁndings in
ﬁelds such as cognitive science, visual design, mathematics education, and learning
science. The Ocean Tracks interface was tested in high school classrooms in spring
and fall of 2013 with a total of 195 high school students. These tests indicate that
students appeared to ﬁnd many aspects of the interface simple and intuitive to use.
Teachers and students indicated that working with real data was highly engaging,
pointing to the tremendous potential for “big data” to transform the way science
is taught. Interest among college faculty in Ocean Tracks indicates a need in
undergraduate classrooms for similar tools that allow students to interact with
data. So in the fall of 2014, we began to collect baseline data on students
attending undergraduate oceanography classes at the Scripps Institution of
Oceanography (Scripps) and Palomar College, where we will also be developing
curricula and conducting classroom tests. Preliminary results from this work are
presented here.
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Introduction
The fact that it was real animals
being tracked was cool…. I
learned a lot about elephant
seals and biodiversity hotspots.
It was interesting that so many
animals go to the California coast.
—Undergraduate student
reﬂecting on the Ocean Tracks
Web interface
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“B

ig data” has become a big
deal. The adjective “big” has an evolving meaning but refers not just to the
ever increasing volume of data available
to use in scientiﬁc research but also to
the dizzying velocity at which real-time
data are generated, and the expanding
variety of data that are generated as
new sensors and technologies are deployed to quantify the nuances of the
natural, built, and social environments
(Dijcks, 2013). The use of data as a
decision driver has expanded into
every scientiﬁc, industry, and business
enterprise (Manyika et al., 2011). Not
only is big data pushing the bound-
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aries of scientiﬁc discovery, but car
mechanics, nurses, real estate agents,
and teachers are now all expected to
use data in their professions. Analyzing
data, discerning meaningful patterns,
and extracting useful information
have become gateway skills to full participation in the workforce and civic
engagement in the 21st century, and
individuals skilled in the variety of
tasks and duties required to acquire,
aggregate, clean, organize, and analyze
these data sets are in high demand.
There’s been widespread recognition of the large and growing gap between the need for a workforce skilled

in working with big data and the supply of qualiﬁed graduates (Manyika
et al., 2011; Shaw, 2014). Where
do students acquire these skills? Most
students enrolled in traditional science laboratories often work with
small data sets that they collected
themselves. Although work with
small data sets teaches important foundational skills, students are not adequately engaged in developing a new
and broader set of skills necessary to
extract meaning from large, complex
data sets. The nature of the new data
analytical skills that students need
was clariﬁed by an occupational proﬁle
of the “big-data-enabled specialist,”
which was recently generated and validated by more than 150 experts from
a broad variety of industry sectors
(Oceans of Data Institute [ODI],
2014a). Among the array of skills
highlighted, the proﬁle emphasizes
the need for graduates who are able
to deﬁne problems and articulate questions that can be addressed by large,
complex data sets. It also revealed a
need for scientists and technologists
who are able to develop appropriate
analytical methods and tools that reﬂect a deep knowledge of a variety of
data sources (beyond what they have
collected themselves). The study
strongly endorsed the critical need for
“soft skills” such as analytical thinking,
critical thinking, and problem solving
and asserted that a successful big
data-enabled specialist should be a
seeker of patterns, open-minded, and
curious (ODI, 2014b).
Although the deﬁnition of big data
is not well established in the public
sphere, those concerned with educating K-16 students deﬁne big data as
data sets that are Complex (i.e., they
include multiple parameters or data
types), Large (i.e., they include more
data than are appropriate to answer

any particular question), Interactively
accessed (i.e., the user has choices, typically online, about what data to examine and how to visualize and analyze
those data), and Professionally collected
(i.e., they go beyond what students or
ordinary citizens are able to collect
themselves). To work effectively with
these so-called CLIP data sets, students
must have the ability to go beyond
routine analyses. For example, students who are skilled in CLIP data
set analyses must have the ability
to select appropriate professionally
collected data to investigate a question, create a variety of unique data
visualizations appropriate to answer
a question, relate multiple data parameters to each other, and use multiple lines of evidence to support a
hypothesis.
The increasing availability of scientiﬁc CLIP data sets poses a tremendous
opportunity to develop these skills.
More broadly, carefully constructed
use of authentic scientiﬁc data in the
classroom enables students to engage
in learning activities that are more
deeply inquiry based. It offers the potential for higher development of
problem-solving skills, addresses
more complex concepts, and offers
greater relevance to students’ lives than
traditional learning activities (Hotaling,
2005; Parsons, 2006; Simmons et al.,
2008). Learning research has garnered
considerable evidence that knowledge
acquired by students via the simple
“taking in” or memorization of information is fragile and can be superﬁcial.
To build a more robust and enduring
understanding of content, students in
science classrooms need to actively
think with new information, connecting and applying concepts as they
construct scientiﬁc explanations for
observed phenomena (National Research Council [NRC], 2000, 2012a).

The NRC framework, which forms
the basis for the recently released Next
Generation Science Standards (NGSS),
asserts that participation in the practices of science “makes students’ knowledge more meaningful and embeds it
more deeply into their world view”
(NGSS Lead States, 2013). At the undergraduate level, research suggests
that inquiry-based activities are underutilized in undergraduate classrooms
and that faculty still largely rely on
a lecture format in their courses. In
recognition of this, the President’s
Council of Advisors on Science, Technology, Engineering, and Mathematics (PCAST) “advocate and provide
support for replacing standard laboratory courses with discovery-based
research” at the undergraduate level
(PCAST, 2012). The incorporation
of student investigations with an array
of large scientiﬁc data sets, now available online, provides a signiﬁcant opportunity to do so.
However, scientiﬁc data portals
and analytical tools are generally designed for experts, which poses a signiﬁcant barrier to their use in the
classroom. Recognizing this, the National Science Foundation (NSF)
funded the Oceans of Data project to
gather knowledge relevant to the design of student-friendly interfaces to
scientiﬁc data from a broad range of
ﬁelds such as cognitive science, visual
design, mathematics education, and
learning science. The resulting guidelines, published in Visualizing Oceans
of Data: Educational Interface Design
(Krumhansl et al., 2014), were then
applied to the design and development
of a student interface to marine science
data called Ocean Tracks. This article
describes what we are learning from
classroom testing of Ocean Tracks
at the high school and (now) undergraduate levels, focused on developing
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The Tagging of Paciﬁc Predators (TOPP) program began in
2000 as part of the International
Census of Marine Life. Using
electronic tags, a multidisciplinary team of 75 scientists from
ﬁve nations deployed more
than 4,300 tags on 23 different
species of apex predators in the
North Paciﬁc Ocean, including
whales, seals, sharks, tunas, seabirds, sea turtles, and even
squid. By the year 2010, more
than 365,000 days of tracking
data had been collected, representing the largest data set of
its kind. The electronic tags
used in the TOPP program included tiny archival tags that record information on light (used
to calculate position), temperature, and depth; pop-up satellite
archival tags that record similar
data but release automatically
from the animals at a preset
time and telemeter their data
via satellite back to the laboratory; and satellite tags that
allow transmission of position
and oceanographic data in realtime. By the end of the TOPP
program, these technologies
had reached a sufﬁcient level of
reliability and precision such
that they are now routinely
feeding oceanographic data
into NOAA’s Integrated Ocean
Observation System (IOOS),
which is used to predict ocean
weather around the world.
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students’ skills in working with CLIP
data.

The Ocean
Tracks Interface

Funded by the NSF in 2012, Ocean
Tracks: Investigating Marine Migrations in a Changing Ocean—a collaboration between the Education
Development Center (EDC), Stanford
University, and technology partner
EarthNC—provides customized access to data collected by the Tagging
of Paciﬁc Predators program, along
with physical oceanographic data sets
from the National Oceanic and Atmospheric Administration (NOAA) and
NASA (http://oceantracks.org). The
ability to visualize the movements of
free-ranging marine species has only
come about in the past decade due to
recent developments in electronic
tagging technology (see sidebar).
These tags have revealed fascinating
patterns in habitat usage by these
large marine animals and have raised
critical questions about their future
persistence in ocean ecosystems
(Block et al., 2011; Hazen et al., 2012;
Maxwell et al., 2013). The Ocean Tracks
map interface and accompanying
analysis tools enable students to be at
the frontier of this ﬁeld of knowledge
and to engage in classroom learning
activities that address the same kinds
of questions being considered by
wildlife researchers, such as, “How do
you design conservation strategies for
highly mobile species whose habitat
usage is projected to change as the
climate changes in the future?”
The core of the Ocean Tracks interface is a familiar, Google Maps–based
view of the earth, centered on the
North Paciﬁc Ocean (Figure 1). When
the interface is launched, a red line
(the track of a northern elephant seal)
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appears on the map, marking the seal’s
path northwest from the California
coast to Alaska’s Aleutian Islands,
where it loops around before swimming south and returning to the
beaches of California. The map is surrounded on both sides by pull-out
tabs labeled Tracks, Tools, Overlays,
Login, Measurements, and Library.
Using these tabs, users are able to
add or remove tracks from the map,
dynamically graph data associated
with a speciﬁc track (e.g., daily maximum diving depth and daily average
speed), or add more data layers (e.g.,
sea surface temperature and chlorophyll a). Users can log in to annotate
and save map views as well as record
data in a data entry table structured
speciﬁcally for the data types in the interface. The Library contains custom
multimedia content about the animals,
tools, and technologies and provides
access to video tutorials that guide
users through the use of each interface
function.
Beyond providing access to data
that have typically been out of reach
but may be of great interest to students, the Ocean Tracks interface was
designed to optimize students’ opportunities to focus their cognitive resources on viewing and comparing
data to test hypotheses, while minimizing the time spent on downloading, ﬁltering, and creating displays
(Krumhansl et al., 2014). By automating many of the complex and timeconsuming processes necessary to
make customized data representations,
students are able to delve deeper into
making meaning and building more
sophisticated understandings of the
data.
Using the Ocean Tracks interactive
map and data analysis tools, students
are able to explore and quantify patterns in the migratory tracks of sharks,

FIGURE 1
Ocean Tracks utilizes the Google Maps interface, which we found most students to have already used extensively—alleviating the need for instructors
to teach users routine functions like scrolling and zooming in and out. It also features tabbed pull-out menus that give users access to more sophisticated tools, which interact with the map display.

elephant seals, and other marine animals in the northern Paciﬁc Ocean
by taking measurements, such as
speed and diving depth, to support hypotheses about marine animal behavior (Figure 2). The interface then
supports students in relating these behaviors to ﬂuctuations and trends in
physical oceanographic variables,
such as sea surface temperature and
ocean currents (Figure 3).
These interface features allow students to engage with the data in investigations that mirror those currently
being conducted by scientists to
understand the broad-scale effects of
changes in climate and other human
activities on top predators in ocean

ecosystems (Block et al., 2011; Hazen
et al., 2012; Maxwell et al., 2013). By
involving students with these authentic data sets, Ocean Tracks supports
the teaching of content related to marine ecology, including productivity,
ocean circulation and physics, and
global climate change.

High School
Classroom Testing
Iterative development of alpha and
beta versions of the interactive Web
interface was informed by two rounds
of classroom pilot testing of Ocean
Tracks with high school students and
teachers in spring and fall of 2013

(Table 1). Drawing on multiple data
sources (Table 2), we examined the usability of the interface in classroom settings and the range of data skills that
students were able to demonstrate
when investigating Ocean Tracks
data. The classroom tests also provided
opportunities to gather information
about the types of supports needed
(such as curriculum, teacher guides,
and video tutorials, all available at
http://oceantracks.org) to develop
students’ abilities to use CLIP data
sets to learn about the natural world.
In addition, our research examined
how teachers implemented draft
Ocean Tracks curriculum modules,
the challenges and successes they
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FIGURE 2
The Ocean Tracks interface allows users to take measurements of animal tracks using a customized set of tools. A “time slider” is used to select
speciﬁc track points, shown in bold red, and visualize a plot of depth, speed, and curviness of the track over the selected interval.

perceived during implementation, and
the ways in which Ocean Tracks can be
used to meet curricular goals and
teaching standards.
The interface and supporting materials were revised in between the ﬁrst
and second pilot tests in accordance
with needs that arose from analyses of
Pilot 1 data. During both pilot tests,
we collected data in the form of student surveys, student focus group
interviews, student screencast recordings, student work, classroom observations, and teacher logs. Because most
of the collected data were qualitative,
the project team developed coding
schemes for each data source and summarized ﬁndings across these sources
related to interface usability, types

68

of data skills displayed, and areas
of student engagement. Primary ﬁndings from Pilot 2 data are discussed
below.

Findings
Data from 22 screencast recordings
collected and analyzed from the second
pilot test indicate that students appeared to ﬁnd many aspects of the
interface simple and intuitive to use.
Students were observed performing
with ease each of the following major
interface functions: turning on animal
tracks and ﬁnding data for speciﬁc
track points, activating tracks and
tailoring intervals along time-series
graphs for speciﬁc track or oceano-
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graphic variables, selecting map overlays corresponding with individual
animal tracks and track segments, selecting multiple animal tracks and
using the hotspot tool to reveal species
hotspots, annotating maps with map
markers, navigating to and within the
Ocean Tracks library to ﬁnd relevant
information, and zooming and panning around the primary map view.
Data from classroom observations
were consistent with these ﬁndings:
Observers noted that most students
found it easy to navigate the major
functions of the interface and to access
the animal tracking and oceanographic
data available.
We also found that Ocean Tracks
provided students with opportunities

FIGURE 3
The Ocean Tracks interface also allows users to display data overlays showing sea surface chlorophyll (shown) and temperature. Track points are
colored yellow along the regions of the track that correspond to the date range of the overlay to aid users in linking monthly conditions represented by
the data overlay to track points occurring during the same period.

to demonstrate important data skills.
In an analysis of 23 student work assignments that were randomly sampled from the 92 that were collected,
the vast majority of assignments
(87%) contained a data visualization

such as a map, table, or graph that students had generated to address a question posed in the Ocean Tracks draft
curriculum (Figure 4). In at least 70%
of sampled work assignments, students
described relationships between two or

more data variables and presented an
interpretation of a data pattern using
background information drawn from
the Ocean Tracks library or another
source. In over 60% of sampled work
assignments, students produced a

TABLE 1
Ocean Tracks classroom tests: dates and sample characteristics.
Date

Duration

Teachers (n)a

Students (n)

Course Titles

Grade Levelsb

Settingsc

Pilot 1

Spring 2013

5–6 weeks

3

61

Marine biology, biology,
urban ecology

9–12

Suburban/town,
urban

Pilot 2

Fall 2013

4–6 weeks

4

134

Same as above

Same as above

Same as above

a

The three teachers who participated in Pilot 1 also participated in Pilot 2. An additional marine biology teacher from one of the Pilot 1 schools joined in Pilot 2. During
both pilots, one marine biology teacher participated with two classrooms of students.
b
The biology class targeted students in Grade 10. The marine biology classes contained students in Grades 11–12, and the urban ecology class included students in
Grades 9–12.
c
The biology and marine biology classes were conducted in schools in suburban/town settings. The urban ecology class was in a school in an urban setting.
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TABLE 2
Data collected during Ocean Tracks pilot tests.

Student surveysa
Student focus group interviews
Student screencast recordings
Student work assignments

a

b

c

Classroom observationsd
Teacher logs

e

Pilot 1

Pilot 2

32 collected (68% response rate)

117 collected (87% response rate)

3 (8–13 students each)

4 (9–17 students each)

15

22

–

92 collected
23 analyzed

30

19

29

28

a

Student surveys were collected, and focus group interviews were conducted at the end of each pilot test.
Student screencast recordings were collected primarily during the initial weeks of each pilot test. Each recording captured the screen activities and vocalizations of
individual or paired students as they navigated the Ocean Tracks interface and conducted a data investigation during a class period. During Pilot 2, one or more recordings
were collected for seven individual students and two paired students over a period of 4 weeks.
c
During Pilot 2, 92 samples of student work were collected, and 23 were randomly selected for analysis. We sampled approximately 25% of all work assignments
submitted by three teachers; for a fourth teacher, we sampled three of eight (or 38%) of submitted assignments.
d
Classroom observations were conducted by multiple project team members and produced written ﬁeld notes following a common observation protocol. Each separate
set of ﬁeld notes was counted as an observation.
e
Teachers were asked to reﬂect on the pilot activities by completing an initial log, weekly interim logs during Ocean Tracks implementation, and a ﬁnal, summative log.
b

and attractions…. In August,
however, the seals’ curviness factor
rose drastically to 2.7 while speed
dropped to 1.23 km/hr…the average depth was also greater than
the average depth in July indicating that the seal was diving more
often to greater depths, most likely
as a result of the presence of more
food. Based on this data, it is evident that the location of the seal’s
prey is predominantly located
in the region of seal tracks during
the month of August. Data from
the chlorophyll distribution map
further supports this claim because chlorophyll concentration
was 2 mg/m3 during the month
of August, whereas during July
this concentration was around
0.3 mg/m3, showing that the section of the ocean in the August location was much more productive.

claim based on data measures or visualizations and presented reasoning for
how data measures supported that
claim. The following quote is a high
school student’s response to a question
posed in the Ocean Tracks draft curriculum about where the prey of elephant
seals may be located, illustrating the
types of quantitative and evidencebased reasoning that the program can
encourage and support.
There is a major difference in seal
behavior between the months
of July and August. In July, it
appears that the seal was passing
through a rather nonproductive
part of the ocean, due to a curviness factor of 1.35, and an average speed of 2.4 km/h and an
average depth of −525.6 m. The
fact that the curviness factor is so
low and the speed so high shows
that the seals were traveling
straight through that part of the
ocean, like a tourist on a highway
traveling between monuments
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In another exercise, students were
asked to identify biological hotspots
in the Paciﬁc Ocean and to examine
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the data to generate ideas about the
oceanographic processes that created
these hotspots. (Hotspots are areas on
a map that have a particularly high
track-point density.) To identify biological hotspots, students use a customized tool in the Ocean Tracks
interface that identiﬁes areas of the
highest track-point density for the
tracks displayed on the map. Students
then use map overlays to identify linkages between habitat usage and oceanographic parameters (Figure 5).
We found evidence that Ocean
Tracks is an inherently interesting
learning environment by nature of
the data to which students are given access. Of the 117 responses received to
the open-ended survey question,
“What did you like most about
Ocean Tracks?,” 87 students (74%)
said that the animals and their migration tracks were the most interesting
aspects of the Ocean Tracks interface.
Teachers identiﬁed that students were
engaged by the fact that they were
analyzing “real” data.

FIGURE 4
Percentage of student work assignments with evidence of speciﬁc data skills, Ocean Tracks Pilot 2 (total N = 23).

And it was real. That made a
difference. The video we had the
kids watch that showed how
the scientists tag the animals
kind of brought a little bit more
for them that it wasn’t just a computer game. That really made
a difference. (teacher interview
response)

tivities that impact the marine environment, including ﬁshing, climate
change, and pollution. Thinking
about how the habitats of these marine
animals are impacted by certain
human activities allowed students to
make connections to their own lives,
bringing real-world relevancy to their
work with Ocean Tracks.

One aspect of the interface that
proved to be particularly interesting
to students was the human impacts
overlay (Halpern et al., 2008), which
visually depicts an index calculated
from data on a variety of human ac-

I liked the human impact tab
because it was interesting to see
where in the ocean was impacted
the most by us humans because
the ocean, especially the Paciﬁc
Ocean, is very large and vast. I

would be interest[ed] to know how
has the human impact changed
from 10–20 years ago to now?
And how has that affected the animals? (student survey response)
While students demonstrated successful use of many interface features
and tools, our analyses also identiﬁed
challenges that students faced while
working with Ocean Tracks. For example, we documented in our screencast
recordings 63 instances, lasting from
several seconds to a few minutes,
when students displayed confusion
over use of an interface feature or
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FIGURE 5
An example of student work showing how the student was able to use the hotspot tool to identify a habitat hotspot for the blueﬁn tuna along the coast
of California and Baja California (left). The student then used an overlay of chlorophyll (right) to investigate the underlying oceanographic process that
created this hotspot. The quote demonstrates how the student was able to integrate their conceptual understanding of upwelling with their interpretation of the data.

The chlorophyll levels in this area where the hotspot is are very high…which makes it a very attractive spot for these animals.
This hotspot is pretty much right on and right next to the continental shelf, which is a place in the ocean where large amounts of
upwelling occur. Also the temperature by the coast is leaning towards the colder side. It stays around 12–16 degrees Celsius,
which means since it's colder water there is more upwelling. (high school student)

tool. In 23 of those instances (37%),
students found a speciﬁc track function unclear, such as identifying track
start and end dates and matching
tracks on the track selector to those
displayed on the map. In nine instances (14%), slow screen responsiveness due to data-intensive loading
times led to student confusion about
whether the interface had registered
their mouse commands. We also observed six instances when overlapping
windows on the screen made it difﬁcult for students to see the data visualizations on the Ocean Tracks map or
other underlying data views. Data
from classroom observations indicate
that some students struggled with
understanding the relationship between different animal tracks in time,
reﬂecting the complexity of the temporal and spatial nature of the data at
hand. Based on analyses of student
work assignments and as shown in Fig-
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ure 4, most students also had trouble
with the quantitative aspects of their
analyses. They typically presented
qualitative descriptions rather than
quantitative comparisons of data measures. Future interface and curriculum
development efforts will focus on addressing these challenges.

Ocean Tracks:
College Edition

Although Ocean Tracks was initially
designed and tested for high school
classrooms, the NSF’s recent funding
of Ocean Tracks: College Edition
(OTCE) shows recognition that the
data interface and learning resource
we have developed have clear potential
for widespread use in undergraduate
settings. Education research has demonstrated that undergraduate students
are not developing robust skills in basic
scientiﬁc and engineering practices
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(NRC, 2012b), skills that are key to
innovation, discovery, and problem
solving. Teaching students to use, analyze, and understand data to explore
scientiﬁc questions is an essential component of basic undergraduate science
education (Manduca & Mogk, 2002),
and yet for many students whose
undergraduate science courses consist
primarily of lectures, reading, and
note taking, their success in the course
is assessed using standardized tests that
emphasize memorization rather than
analytical thinking. These approaches
are far less effective at motivating students and at developing skills in the
practices of science and engineering
(PCAST, 2012). Recently, however,
undergraduate institutions have begun
to adopt approaches to teaching that
are grounded in research on learning
(NRC, 2015), and there is burgeoning
interest in curricula and tools that support more inquiry-based approaches.

Emerging interest in college-level
curricula and tools that help teach
data skills, promising results from the
high school classroom testing, and
strong indications of interest from
undergraduate faculty led to an NSF
award to EDC and the Scripps Institution of Oceanography in the fall of
2014 to develop and test learning
modules to support the use of the
Ocean Tracks interactive map and
data analysis tools in college classrooms. The 3-year study involves testing in both community college and
university settings and consists of baseline data collection and needs assessment, curriculum development and
research, and a pilot study. Research
efforts will support curriculum development and investigate how students
from diverse institutions engage with
online and face-to-face versions of the
curriculum materials as well as how
these materials improve their understanding of and competence in the
use of scientiﬁc practices, knowledge
of core content, and interest in pursuing careers in science.
Two distinct college-level courses
will serve as the test-beds for curriculum development for the OTCE
project. The ﬁrst is an online introductory oceanography course taught
at Palomar Community College in
San Marcos, California. The second
is an upper division undergraduate
course taught at University of California San Diego’s Scripps Institution
of Oceanography, titled “California
Coastal Oceanography.” Through
an iterative curriculum design and
research process, we will work collaboratively with our partner faculty members to explore questions including
“What supports may be needed to
incorporate programs such as Ocean
Tracks into undergraduate science
courses?” and “To what extent do

course experiences working with
CLIP marine data through Ocean
Tracks improve undergraduate students’ demonstration of scientiﬁc
practices with data and interest in
scientiﬁc careers, particularly in the
marine sciences?”
Phase 1 of the OTCE project consists of collecting baseline data and
conducting a needs assessment to
better understand students’ prior experience with data and the ways in
which oceanography and marine biology faculty use CLIP data sets in their
courses. Preliminary ﬁndings from
student surveys follow.

Student Survey
Preliminary Results
As part of the OTCE Phase 1 needs
assessment study, we issued a survey
(see http://tinyurl.com/ot-ce-survey)
to 101 students taking an introductory
oceanography course at Palomar
College and 181 students taking an
introductory course at Scripps on the
Earth’s water to gauge their
■ beliefs about the importance of
being able to make sense of data;
■ prior experience and conﬁdence
levels working with data, data visualizations, and data analysis tools;
■ interests and motivations related to
the oceans and marine life; and
■ academic and career interests (and
their connections to data).
The survey response rates for students at Palomar and Scripps were
73% and 77%, respectively. Results
from this survey are being used to inform curriculum development, helping us to identify data analysis skills
for which students might need the
most structured supports, and content
areas that will be most engaging and
meaningful for students.
Just under two thirds (62%) of
total survey respondents from both in-

stitutions (n = 214) were female, and
one third (33%) said that they know
they are interested in pursuing a career
in science. To explain why they were
taking a course on the oceans, vast majorities of survey respondents agreed or
strongly agreed that they have a general
curiosity about the oceans (89%), they
feel that ocean health and conservation
are important to them (81%), and they
are concerned about the effects of climate change on the oceans (80%).
Similarly, high proportions of survey
respondents also agreed or strongly
agreed that they believe it is important
to know how to make sense of data to
get a good job (86%), to be successful
in whatever career they choose (86%),
and to be a more effective and informed citizen (91%).

Conclusions
New technologies deployed in the
oceans are generating unprecedented
quantities of data, illuminating previously unknown environments, and
enabling the exploration of whole
new types of questions. This same revolution is happening beyond the
realms of marine science in diverse applications ranging from law enforcement to agriculture. To realize the
full potential of big data to answer
questions, improve processes, and
solve problems, our schools should be
preparing students with a new set of
workforce skills. Furthermore, beyond
tomorrow’s workforce, it is imperative
that all citizens are able to make informed, evidence-based decisions in a
big data world.
The Ocean Tracks project was developed to ﬁnd ways to bring the potential beneﬁts of new tools of ocean
exploration to a much broader audience. Preliminary results from our
studies with high school students
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suggest that this approach shows
promise in promoting student skills
in scientiﬁc practices with CLIP data
and interest in data and/or marine science, and our early work with undergraduate college students suggests an
equally high level of interest and receptiveness to this approach. Looking
forward, the goal is to determine how
to build on this early success and use
the Ocean Tracks platform, as well as
the principles on which it was developed, to help improve the use of data
in science education more broadly.
Our experiences over the past
5 years on four NSF-funded projects
have convinced us that there is tremendous untapped potential in the large
scientiﬁc data sets that are increasingly
available to anyone with an Internet
connection. We have also learned
that there are many challenges associated with making these data truly accessible to novice users. We need to
continue to ﬁnd ways to make a variety
of data accessible via novice-friendly
interfaces and data analysis tools. We
need to better understand the skills
necessary to prepare students for a
big data world, and we need to develop
effective ways to teach these skills over
the course of a student’s schooling. We
need to develop new types of training
programs for teachers. Tackling these
challenges via Ocean Tracks has required the active, day-to-day engagement of a highly multidisciplinary
team that includes high school and
undergraduate educators, curriculum
developers, education researchers,
marine biologists, and technology developers. Just as our collaboration has
engaged those with diverse expertise
and perspectives, we believe raising
a generation equipped to unlock the
potential of big data will require the
sustained and coordinated efforts
of those with expertise in education,
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science, and technology, compelling
new types of conversations and collaborations that cross disciplinary
boundaries.
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