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ABSTRACT. Turbulent mixing is one of the main mechanisms through which the ocean distributes heat, momentum, nutrients, and
other passive tracers. However, measuring ocean mixing requires specialized instrumentation and knowledge not typically covered in
turbulence courses at the graduate level. The authors of this work, senior graduate students at the Scripps Institution of Oceanography;,
University of California San Diego, developed a three-week summer course on ocean mixing called COMCEPTS (Combined Ocean
Mixing Course, Experiments, and Practices for Turbulence Science) in order to bridge the educational gap between available course-
work and the practical challenges of measuring ocean turbulence. Recognizing the importance of experiential learning, we structured
the course around a week-long research expedition to study turbulent processes along the continental shelf oft San Diego, California.
Before the cruise, participants spent a week learning about fundamental turbulent theory that they then applied to analyzing field mea-
surements in their final week of the course. This article presents the approaches to, and challenges and outcomes of, developing a course
like COMCEPTS with the hope that it can serve as a model for formalizing field-based training and mentoring in highly specialized fields

like ocean mixing.

MOTIVATION: THE TURBULENCE

EDUCATION GAP

The oceanographic community has increasingly recognized that
turbulence and mixing are central to ocean physics. However, as
graduate students applying these concepts in our own research,
we experienced and identified a gap between the theoretical treat-
ment of these processes in available coursework and the practical
knowledge and skills needed to apply them to observational data.
Turbulence is the chaotic random motion of a fluid that enhances
mixing, that is, the irreversible homogenization of water proper-
ties. The small-scale physical processes involved have implications
for global ocean circulation, global climate, and marine ecosys-
tems (Meredith and Garabato, 2021; Melet et al., 2022). Modeling
and observing turbulence has become increasingly important to
disciplines across the oceanography community (Tsutsumi et al.,
2020; Lévy et al, 2022; Naveira Garabato and Meredith, 2022;
Kaneko et al., 2025; Zheng et al., 2026). As these tools and concepts
become relevant to a wider range of oceanographic questions, stu-
dents need a foundational education in turbulence and mixing
even if their research does not focus on these processes directly.
COMCEPTS (Combined Ocean Mixing Course, Experiments and
Practices for Turbulence Science), held at Scripps Institution of
Oceanography (SIO), University of California San Diego, in late
summer 2025, was designed and executed by and for graduate
students to meet this need.

The gap between turbulence theory and its geophysical appli-
cations can likely be traced back to how the field developed.
Turbulence theory has its roots in mathematics and engineering
departments, so most in-depth turbulence texts focus on concepts
predominately related to engineering applications of fluid dynam-
ics (Tennekes and Lumley, 1972; Pope, 2000), although Thorpe
(2007) does address some ocean-specific cases. Because turbu-
lence is inherently random and chaotic, a lot of mathematical

FACING PAGE. (background) Students conducting a CTD cast during
COMCEPTS (Combined Ocean Mixing Course, Experiments, and Practices
for Turbulence Science) 2025. (inset photos, left to right) Field teaching
team, all student participants and instructors during fieldwork, organizing
team. Photo credits: Kerstin Bergentz

assumptions that are made to describe it in a statistical sense are
not physically useful. In addition, ocean turbulence occurs on very
small scales (1 cm-10 m) and is intermittent, making it difficult to
measure. Today’s specialized instrumentation requires additional
assumptions about the physics and affects how well we can actu-
ally observe these processes. One of the goals of COMCEPTS was
to help participants understand the origins of all these assump-
tions and how they impact the data we collect.

Another challenge for ocean turbulence education is the lim-
ited availability of student field experiences with the necessary spe-
cialized instrumentation. Ship time is scarce and expensive, and
mixing-specific data collection is often limited to a few research
groups that specialize in turbulence observations. Furthermore,
the physically demanding and exclusionary culture of traditional
fieldwork can create environments that are stressful, inaccessible,
and not conducive to learning (Pico, 2023). Student outcomes can
be improved through development of good support networks and
a sense of belonging (Gardner, 2008; Barbera et al., 2020), both of
which can be enhanced by peer-to-peer mentorship in the field
that often occurs informally and is heavily dependent on the cul-
ture set by a research group or a ship’s crew (Nuiiez et al., 2020).

COMCEPTS was designed to address the educational gap
between ocean-turbulence theory and in situ observations as well
as the limited availability of fieldwork-based learning opportuni-
ties for study of ocean mixing (Figure 1). The course did so through
experiential learning and practical exercises. Experiential learn-
ing is a process in which learners develop knowledge by engaging
directly in an activity, reflecting on that experience, connecting it
to underlying concepts, and applying the resulting understanding
in subsequent practice (Kolb, 2015). Fieldwork provides a partic-
ularly valuable setting for the process because it allows students to
connect disciplinary concepts with direct observation, data collec-
tion, and professional practice (Munge et al., 2018). COMCEPTS
also sought to formalize the peer-to-peer fieldwork mentorship
that often occurs informally. The senior graduate student instruc-
tors shared practical knowledge and experience of instrumenta-
tion, sampling decisions, data processing, and the realities of ship-
board research, while participants contributed expertise from
their own research backgrounds. By embedding these exchanges
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MOTIVATION
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FIGURE 1. COMCEPTS motivation, course structure, and outcomes based
on feedback from a participant survey before and after the course.
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within a structured curriculum, the course aimed to make field-
based training and mentorship more accessible, supportive, and
intentional. Students participated directly in both the collection
and analysis of ocean-turbulence data, linking observational prac-
tice with theoretical interpretation, all while working in groups
under the supervision of a senior graduate student instructor.
COMCEPTS therefore created an opportunity for students with
diverse levels of seagoing experience, theoretical backgrounds, and
research interests, including those who might not otherwise have
had opportunities to engage with ocean mixing.

COURSE DESIGN

INSTRUCTORS AND COURSE PARTICIPANTS

The main instructors were six senior graduate students at SIO, all
of whom had hands-on experience with turbulence instrumen-
tation and research interests in the field. As everyone involved
with the course was a graduate student, we will use the terms
“instructors” and “participants” to avoid confusion.

The course was advertised widely to graduate students at SIO
through an interest form that was followed by an application form a
month later. There was no formal effort to advertise to out-of-town
participants, as there was no funding to assist with travel expenses.
Applicants were asked to describe their motivations for taking the
course and provide additional details on their oceanography, field-
work, and coding experience. The application helped the instruc-
tors (1) decide who would benefit most from the course, (2) ensure
all participants met the prerequisites in physical oceanography
and data processing to understand course material, and (3) design
course content best tailored to the interests of the applicants.

The final cohort consisted of 15 participants, including five
graduate students from other institutions in the US West Coast
and Mexico who had heard about COMCEPTS through differ-
ent channels, and four who had no prior at-sea experience. Travel
funding uncertainty in early 2025 impacted many out-of-town
participants, and the course leaders adapted by including a hybrid
option for the lectures and offering flexibility in fieldwork partic-
ipation. In the end, all participants were able to attend the field-
work component of the course, but many chose to watch the lec-
tures remotely. The hybrid format also afforded an easy way for
lectures to be recorded, and most have been made accessible on the
COMCEPTS website.

CURRICULUM DEVELOPMENT

Kolb (2015) outlines four stages of experiential learning that
can be applied cyclically: concrete experience, reflective obser-
vation, abstract conceptualization, and active experimentation.
COMCEPTS participants engaged in this learning cycle over mul-
tiple phases of the three-week course. The course was divided into
three one-week sections: week one featured lectures covering tur-
bulence theory and how it applies to ocean science; week two was
devoted to time in the field on cruises; and week three consisted
of scientific analysis of the data collected during the cruises along


https://www.mod.ucsd.edu/comcepts2025
https://www.mod.ucsd.edu/comcepts2025

FIGURE 2. Instruments used for measuring turbulence during the at-sea component of the COMCEPTS course. (a) CTD with biogeochemical sensors (see
the Supplementary Science Report for a more detailed overview of the instrument’s sensors). (b) Epsilometer. (c) Fishing reel. (d) Epsilometer deployment.

with a few lectures on specific analysis techniques. In the language
of experiential learning (Kolb, 2015), week one focused on abstract
conceptualization, weeks two and three centered on concrete expe-
rience and active experimentation, and the preparation of a final
report gave the participants a chance for reflective observation.
Over the 12 months preceding the course, the instructors col-
laboratively developed the curriculum, cruise plans, and lecture
materials. They rehearsed every lecture at least once in its entirety
with other instructors as audience and received feedback, provid-
ing the opportunity to practice and improve their teaching and
presentation skills. To cover more advanced topics in the third
week, invited guest speakers with more specialized expertise in the
field gave several lectures and lunchtime seminars. Lectures cov-
ered theoretical concepts as well as practical knowledge needed to
understand ocean turbulence observations and instrumentation.
The fieldwork and data analysis components of COMCEPTS
were structured around three sub-projects based on the research
backgrounds of the instructors, and participants were assigned to
projects based on their interests. Over the last week of the course,
the participants were taught turbulence data processing meth-
ods following the best practices developed by the ATOMIX group
(Fer et al., 2024; Lueck et al., 2024). They used these skills to ana-
lyze data from the cruise and answer specific scientific questions

related to their chosen projects. Finally, the participants orga-
nized their main findings in the COMCEPTS 2025 Cruise Report
following the format generally used for research cruise reports.

PRACTICAL TRAINING

The field component of COMCEPTS involved a series of cruises
from September 8 to September 14, 2025, aboard R/V Robert
Gordon Sproul. The week of fieldwork was split into a one-day
cruise with all participants, followed by three overnight cruises
with five participants each. Originally, the plan was to use a larger
vessel that could accommodate all the participants and instruc-
tors for a week-long cruise. However, as that vessel was not avail-
able, the plan had to be restructured at the last minute around a
smaller boat that could accommodate five participants and four

instructors overnight. Overnight cruises were ideal for our science
aims as they allowed continuous sampling over at least 24 hours to
resolve full tidal cycles.

For each overnight cruise, the participants on the ship were
assigned to different shifts so that they rotated through the activ-
ities required for sampling with two towed profiling instruments
(Figure 2). The first instrument is the epsilometer system (epsi;
Le Boyer et al., 2021), which includes a Sea-Bird CTD (for tem-
perature, salinity, and depth measurements) and a turbulence-
measuring vehicle designed by the Multiscale Ocean Dynamics
(MOD) group at SIO. While this specific profiling microstructure
instrument is not available outside of the MOD lab, it has similar-
ities to many off-the-shelf microstructure platforms that the par-
ticipants may encounter throughout their careers. A second bio-
chemical profiling system was composed of an RBR CTD, an RBR
coda optical dissolved oxygen (ODO) sensor, and an RBR Tridente
sensor with three optical channels for chlorophyll a, optical back-
scatter, and colored dissolved organic matter (CDOM) measure-
ments. Funding for ship time was provided by the University of
California Ship Funds program, and the costs associated with non-
ship instrumentation (e.g., engineering time, spares, and consum-
ables) were generously covered by the MOD lab.

With this suite of measurements, the participants learned how
to obtain: (1) direct estimates of turbulence from microstructure
observations; (2) measurements used to estimate fluid instability—
temperature and salinity data combined with shipboard veloc-
ities to compute Richardson number; and (3) measurements of
tracers that can be affected by turbulent mixing—CDOM, which
tracked the wastewater plume from the Point Loma Wastewater
Plume Outfall.

During each of the overnight legs, at least one instructor stayed
on land to lead the remaining participants in supporting the at-sea
sampling plan in real time. The shore-based participants produced
satellite sea surface temperature and sea surface height maps of
the region and made other plots using auxiliary data from nearby
moorings, all with the goal of contextualizing the observations
made by the group at sea.
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EVALUATION

To track improvements in the their grasp of ocean turbulence
theory and measurements, participants completed the same sur-
vey at the start and the end of the course. See the COMCEPTS
Participant Survey and results in the online supplementary mate-

rials. The anonymous survey was a combination of knowledge
checks and questions about participants’ perceived understanding
and confidence in working with turbulence data. The survey at the
start of the course received 16 responses (full participation from all
participants as well as auditors), while the survey at the end of the
course received 10 responses (67% of the class).

OUTCOMES

STUDENT PARTICIPANT SCIENCE

The fieldwork component of the course invited participants to
apply the concepts from the first week of lectures to an investiga-
tion of turbulent processes across the San Diego continental shelf.
Sampling was concentrated near the Point Loma Ocean Outfall
(PLOO) mooring (Figure 3a), which continuously monitors dis-
charge from the Point Loma Wastewater Treatment Plant. The sci-
ence questions were organized into three projects: (1) the evolution
of mixing by tidally generated internal waves across the continen-
tal shelf (Internal Tide Module), (2) the role of atmospheric forc-
ing in establishing mixing in the upper ocean (Air-Sea Module),
and (3) the influence of these processes on the dispersal of a waste-
water outfall plume (Plume Dynamics Module). All three of these
projects focused on distinct questions at the forefront of the larger
ocean mixing community and could be investigated using comple-
mentary datasets collected in the same area oft Point Loma.

The three science projects were set up with the goal of draw-
ing on individual instructors’ specific experiences and on letting
students work on something relevant to their own research inter-
ests. While all participants collected data relevant to all three proj-
ects, their small group data analysis work was focused on one of
the three particular topics. This allowed for more personalized
instruction and group work.

Some of the preliminary observations and results of participant
data analysis showed co-located turbulence with steeping internal
tidal bores (Internal Tide Module), deepening mixed layers con-
current with strong diurnal onshore breezes (Air-Sea Module),
and a wastewater plume mixing offshore along and across isopyc-
nals (Plume Module). For a deeper dive into the specific question
asked and science results that came out of each module, we invite
the reader to refer to the online Supplementary Science Report.

IMPROVEMENTS IN SCIENTIFIC UNDERSTANDING

At the start of the course, there was large variation in participants’
levels of comfort with using turbulence terminology and exposure
to turbulence theory. A large proportion of the class had little to
no experience collecting turbulence data (37.5%), and the major-
ity had little understanding of the assumptions made in process-
ing measurements (56.3%). Their confidence in understanding
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was improved after the course with average scores increasing
approximately twofold from 2.5 to 4.1 in understanding of ter-
minology and from 1.6 to 3.5 in understanding turbulence the-
ory (both were rated out of 5, with 1 being “low confidence” and
5 “high confidence”).

Responses to the open-ended science questions also showed a
more detailed understanding of the field (Figure 1). One case study
concerns the participants’ ability to differentiate the concepts of
turbulence and mixing, whose terminologies are often used inter-
changeably by people not familiar with the field. At the beginning,
62.5% of participants were not confident in their ability to distin-
guish the two concepts. At the end of the course, all respondents
were able to correctly distinguish mixing as an irreversible change
in ocean properties and turbulence as a characteristic of a fluid flow.
Responses that indicated this comprehension included, for example,
“Mixing is irreversible changes to scalar gradients, ENHANCED
by turbulence,” and “Turbulence is the chaotic motion of a fluid.
Mixing is the exchange of quantities between two fluids”

BENEFITS OF AT-SEA EXPERIENCE

The second and third weeks of the course were designed to be
heavily student centered, fostering an environment of active learn-
ing (Collins and O’Brien, 2011) with participants directly engag-
ing in fieldwork and obtaining knowledge by contributing to data
collection and analysis (Figure 4). The main outcomes were that
participants (1) learned what instruments are used to measure tur-
bulence in the real ocean; (2) practiced operating and deploying
instruments in the field; (3) used remote sensing, mooring data,
and shipboard data to support the research cruise sampling plan;
and (4) learned how to use and analyze the collected data to answer
a science question related to turbulence.

In the feedback survey, when asked how much the fieldwork
helped them understand how different ocean quantities are mea-
sured through shipboard profiling (on a scale of 1-5, with 5 being
“it helped a lot”), 80% of respondents answered 5/5, with the
other 20% rating it a 4/5. In addition, when asked about what they
enjoyed most about the course overall, 60% of respondents high-
lighted the cruise. When asked about how to improve the course,
several participants mentioned they would have liked more time at
sea. These results point to the effectiveness of practical experience
when it comes to turbulence education.

DISCUSSION

IMPORTANCE OF EXPERIENTIAL LEARNING IN
SCIENTIFIC UNDERSTANDING

As turbulence and mixing measurements become more widely
available, oceanography students across disciplines will need to
understand the assumptions and limitations underlying their
interpretations. COMCEPTS was designed to provide this founda-
tion by connecting turbulence theory with the collection and anal-
ysis of in situ data. After the course, participants reported greater
confidence in using turbulence terminology, interpreting derived
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FIGURE 3. Dynamics investigated in each field project. (a) Map shows approximate location of research cruises (inset)
and transects for each project module, with bathymetry (m) shaded. (b) Schematic highlights the main processes stud-
ied. (c) Wind speed (m s™) and turbulent kinetic energy dissipation rates (W kg™ are plotted for the surface boundary
layer (black, dotted line) over the course of a day. The boundary layer deepens as onshore winds strengthen. (d) Zonal
ocean velocity (m s™") and turbulent kinetic energy dissipation rates (W kg™ are shown over a zonal transect across the
continental shelf. The steepening isopycnals (contours) indicate the formation of an internal bore. (€) CDOM (colored
dissolved organic matter in ppb) recorded over the course of a day shows spreading of the treated wastewater plume
(purple contour). PLOO = Point Loma Ocean Outfall mooring.
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FIGURE 4. A graduate student instructor demonstrates epsilometer setup for course participants while at sea.

quantities, and working with turbulence data, and they attributed
these changes to understanding how the measurements connected
to underlying theory.

Experiential learning through fieldwork can promote student
engagement and the development of professional competencies
(Munge et al., 2018). Such experiences may also strengthen stu-
dents’ confidence in their abilities to apply disciplinary knowledge
in practice, which can be particularly important for students from
groups historically underrepresented in the field (Nufiez et al,
2020). By combining turbulence theory with fieldwork and data
analysis in a supportive peer environment, COMCEPTS helped
participants feel more capable of engaging with this highly special-
ized area of oceanography in their future research. Additionally,
for 30% of participants, COMCEPTS provided their first at-sea
research experience. This opportunity to do work on a ship for
the first time had a positive impact on their confidence in using
turbulence-specific instrumentation as well as participating in
ship-based data collection in general.

Experiential learning approaches are increasingly used in STEM
education to connect formal instruction with practical appli-
cations (Remington et al., 2023). The sequence of theory, field-
work, and data analysis was central to COMCEPTS, but rather
than using fieldwork merely to demonstrate concepts introduced
during the first week of lectures, we also used the collected data as
an opportunity for reflection and deeper understanding. By having
the students do all the work of collecting, processing, and inter-
preting their own measurements, and by guiding them through
the process of connecting their final figures back to the theoreti-
cal assumptions and sampling decisions underlying the resulting
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turbulence estimates, we exposed them to the full scientific pro-
cess from conceptual framing and measurement design to quan-
titative inference and critical interpretation. This iterative process
is important in all scientific endeavors, but perhaps particularly so
in a field like ocean turbulence where data of scientific interest are
derived rather than directly measured.

BENEFITS OF PEER MENTORING
Peer teaching by senior graduate students gave COMCEPTS
participants an opportunity to learn challenging material from
instructors who had recently mastered it themselves. By removing
the typical differences in power and authority between instructors
and students, peer learning has been shown in other education set-
tings to create a supportive environment where students are com-
fortable learning through experimentation and without judgment
(Boud et al., 1999; Topping, 2005). Participants also came into the
workshop with training in specialized topics not always reflected
in the backgrounds of the instructors. This diversity of participant
backgrounds enhanced the classroom discussions and provided
an opportunity for both instructors and participants to learn from
one another. In addition to the instruction by graduate students,
lectures and lunchtime seminars by experts in the field explored
big questions and current challenges in ocean turbulence research.
The feedback from several participants highlighted the benefits of
these different learning formats and of the opportunity to network
with both peers and experts.

Furthermore, while each field project conducted on the research
cruise was initially designed by the instructors based on their own
scientific interests and knowledge of the region, the participants



played a large role in shaping the projects based on their interests.
Given the nature of fieldwork, the research goals for each proj-
ect were constantly adapted based on what could be realistically
achieved at sea and in the timeline of the course. The participants
were involved in these discussions and led the analysis and inter-
pretation of the collected measurements.

For the instructors, COMCEPTS was its own form of experi-
ential learning. The workshop offered the opportunity to develop
course material from scratch, work collaboratively to iterate on
and improve the pedagogy, and teach both in the classroom and in
the field. Designing a course and field expedition are not respon-
sibilities typically given to graduate students, and they benefited
greatly from the experience, also thanks to the mentorship of expe-
rienced scientists and engineers in the MOD lab.

COMCEPTS also created a more formal structure for all grad-
uate students involved, both instructors and participants, to share
their knowledge, build a community of peers with similar scientific
interests, and foster future collaborations. By making all course
material publicly accessible and developing a database of code that
the participants can access indefinitely, the course was designed
to remove some of the fundamental barriers the instructors had
themselves identified in observational oceanography. Hopefully,
such open access also facilitates the creation of other courses like
COMCEPTS in the future.

TAKEAWAYS

COMCEPTS demonstrates that graduate students can design and
lead a course that connects specialized scientific theory with the
practical skills required to apply it. The central objective of the
course was to organize everything around a complete scientific
workflow: introduce relevant theory; gain hands-on experience
collecting, analyzing, and interpreting data; and communicate the
results. Although these stages form the basis of scientific research,
students are often exposed to them separately—for example, learn-
ing theoretical concepts in class or analyzing a preexisting data-
set without seeing how sampling decisions and measurement
limitations shape the final result. The “start-to-finish” approach
taken here can be adapted to other areas of oceanography and
to other fields in which students need to understand how mea-
surements, analysis choices, and theoretical assumptions shape
scientific conclusions.

Peer-to-peer mentorship was equally central to the course
design. Senior graduate students are ideally positioned to share
recently lived experience, while participants contributed knowl-
edge from their own disciplinary backgrounds. This structure cre-
ated opportunities for reciprocal learning and reduced the distance
between instructors and participants. Future courses could adopt
a similar model by involving graduate students or other near-peer
instructors in curriculum development, small-group instruction,
and practical training, while retaining access to more senior sci-
entists, engineers, or technicians for specialized expertise and
logistical support.

Another takeaway is that course design should also prioritize
access. The hybrid format of COMCEPTS allowed participants to
attend lectures remotely as funding for travel, housing, and time
away from home institutions remained substantial barriers to par-
ticipation. Future iterations should seek stable funding for out-
of-town participant travel and living expenses, and should make
lecture materials, analysis notebooks, example datasets, and field
protocols openly available where possible. These resources can
extend the impact of a short course and lower the barrier for other
groups seeking to adapt this approach.

Finally, logistical choices should follow learning goals rather
than define them. COMCEPTS used a combination of a one-
day cruise and smaller overnight cruises because of vessel avail-
ability, but other formats may be more appropriate, depending on
local resources, participant needs, and the scientific topic of focus.
However, we acknowledge that absent the ship time covered by the
University of California Ship Funds program, this course would
have needed a substantial source of outside funding.

We note that there are several examples of oceanography sum-
mer courses for graduate students, such as the Friday Harbor
Laboratories Workshops at the University of Washington and

A NOTE FROM Pis WHO SUPPORTED
THIS INITIATIVE

The rare opportunities for graduate students to be leaders in
teaching, project design, mentoring, and fieldwork are most
valuable. One of the responsibilities of a Pl in academia’s
apprenticeship system is to provide students with experiences
that will eventually help them to lead their own projects. As
the student authors of this paper developed the COMCEPTS
curriculum and cruise plan, we offered guidance based on our
collective years of fieldwork and teaching experience. We were
delighted to be able to support these students in getting those
opportunities now as an important steppingstone toward their
futures as scientists.

From our perspective, a project like this also comes with some
challenges. The valuable and forward-looking University of
California Ship Funds program provided the ship time (a signif-
icant equivalent monetary value) for the onboard teaching and
data collection described here. However, that program does not
provide any specific instrumentation or the technical support
needed to carry out such specialized measurements as were
undertaken here. Our Multiscale Ocean Dynamics Laboratory
was able to leverage funding and engineering time from some
other projects to support the student effort. Moving forward, it
will be essential to secure external support (from federal edu-
cational grant programs, industry, or philanthropy) in order to
continue creating educational experiences like this in our field
and hopefully many others.

— Jennifer A. MacKinnon, Matthew H. Alford,
Nicole Couto, and Arnaud LeBoyer
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the Geophysical Fluid Dynamics Program at Woods Hole

Oceanographic Institution. Many of these programs are either
expensive or highly competitive to attend. To our knowledge,
COMCEPTS is the only example of a free oceanography sum-
mer school designed and taught by graduate students and provid-
ing the full benefit of a peer-mentorship experience for its partic-
ipants. To make an effort like this sustainable at any institution, a
stable source of funding would be required. We also acknowledge
that the formalities around setting up an official course, such as the
need for an instructor on record which, at most institutions, typi-
cally cannot be a graduate student, listing course credits, and so on,
can be a logistical hurdle. We circumvented these issues by orga-
nizing this course independently but would welcome a community
discussion on how to lower logistical barriers for students across
institutions who want to gain teaching experience.

In summary, many of the logistical and other decisions made for
COMCEPTS, such as course format, instrumentation used, num-
ber of science modules, and days at sea, were determined based on
our particular circumstances. The details could be adapted to fit
the needs of any other program, institution, or scientific field, but
the core of what made COMCEPTS successful was the emphasis
on peer mentoring (being designed and led by graduate students)
and experiential learning (access to some form of fieldwork and
data analysis experience).

Asboth participants’ and organizing committee members’ opin-
ions of the COMCEPTS experience were positive, it is our hope is
that this course will continue to be taught by graduate students
at SIO approximately every two years, and that it will benefit the
oceanographic community in the long term.

SUPPLEMENTARY MATERIALS
The supplementary materials are available online at https://doi.org/10.5670/
oceanog.2026.e305.

REFERENCES

Barbera, S.A., S.D. Berkshire, C.B. Boronat, and M.H. Kennedy. 2020. Review of under-
graduate student retention and graduation since 2010: Patterns, predictions, and
recommendations for 2020. Journal of College Student Retention: Research,
Theory & Practice 22(2):227-250, https://doi.org/10.1177/1521025117738233.

Boud, D., R. Cohen, and J. Sampson. 1999. Peer learning and assessment.
Assessment & Evaluation in Higher Education 24(4):413—426, https://doi.org/
10.1080/0260293990240405.

Collins, JW. lll, and N.P. O’Brien, eds. 2011. The Greenwood Dictionary of Education,
2nd ed. Greenwood.

Fer, I, M. Dengler, P. Holtermann, A. Le Boyer, and R. Lueck. 2024. ATOMIX bench-
mark datasets for dissipation rate measurements using shear probes. Scientific
Data 11(1):518, https://doi.org/10.1038/s41597-024-03323-y.

Gardner, S.K. 2008. Fitting the mold of graduate school: A qualitative study of
socialization in doctoral education. Innovative Higher Education 33(2):125-138,
https://doi.org/10.1007/s10755-008-9068-x.

Kaneko, H., T. Tanaka, M. Wakita, K. Sasaki, T. Okunishi, Y. Miyazawa, R. Zhang,

S. Tatamisashi, Y. Sato, T. Hashimukai, and others. 2025. Topographically driven vig-
orous vertical mixing supports mesoscale biological production in the Tsugaru Gyre.
Nature Communications 16(1):3656, https://doi.org/101038/s41467-025-56917-4.

Kolb, D.A. 2015. Experiential Learning: Experience as the Source of Learning and
Development. Pearson Education.

Le Boyer, A., M.H. Alford, N. Couto, M. Goldin, S. Lastuka, S. Goheen, S. Nguyen,

A.J. Lucas, and T.D. Hennon. 2021. Modular, flexible, low-cost microstruc-
ture measurements: The epsilometer. Journal of Atmospheric and Oceanic
Technology 38(3):657—-668, https://doi.org/10.1175/JTECH-D-20-0116.1.

OAEﬂnajmp/y | Early Online Release

Lévy, M., L. Resplandy, J.B. Palter, D. Couespel, and Z. Lachkar. 2022. The crucial con-
tribution of mixing to present and future ocean oxygen distribution. Pp. 329-344
in Ocean Mixing: Drivers, Mechanisms and Impacts. M. Meredith and A. Naveira
Garabato, eds, Elsevier, https://doi.org/10.1016/B978-0-12-821512-8.00020-7.

Lueck, R., I. Fer, C. Bluteau, M. Dengler, P. Holtermann, R. Inoue, A. LeBoyer,

S.-A. Nicholson, K. Schulz, and C. Stevens. 2024. Best practices recommen-
dations for estimating dissipation rates from shear probes. Frontiers in Marine
Science 11:1334327, https://doi.org/10.3389/fmars.2024.1334327.

Melet, AV, R. Hallberg, and D.P. Marshall. 2022. The role of ocean mixing in the cli-
mate system. Pp. 5-34 in Ocean Mixing: Drivers, Mechanisms and Impacts.

M. Meredith and A. Naveira Garabato, eds, Elsevier, https://doi.org/10.1016/
B978-0-12-821512-8.00009-8.

Meredith, M., and A. Naveira Garabato, eds. 2021. Ocean Mixing: Drivers, Mechanisms
and Impacts. Elsevier, https://doi.org/10.1016/C2019-0-03674-6.

Munge, B., G. Thomas, and D. Heck. 2018. Outdoor fieldwork in higher edu-
cation: Learning from multidisciplinary experience. Journal of Experiential
Education 41(1):39-53, https://doi.org/10.1177/1053825917742165.

Naveira Garabato, A., and M. Meredith. 2022. Ocean mixing: Oceanography
at a watershed. Pp. 1-4 in Ocean Mixing: Drivers, Mechanisms and Impacts.

M. Meredith and A. Naveira Garabato, eds, Elsevier, https://doi.org/10.1016/
B978-0-12-821512-8.00008-6.

Nufiez, A.-M., J. Rivera, and T. Hallmark. 2020. Applying an intersectionality lens to
expand equity in the geosciences. Journal of Geoscience Education 68(2):97-114,
https://doi.org/10.1080/10899995.2019.1675131.

Pico, T. 2023. Performing geology: Risk and conquest in the origin stories of a field
science. Catalyst: Feminism, Theory, Technoscience 9(2), https://doi.org/10.28968/
cfttv9i2.38296.

Pope, S.B. 2000. Turbulent Flows, 1st ed. Cambridge University Press, https://doi.org/
10.1017/CBO9780511840531.

Remington, T.F., P. Chou, and B. Topa. 2023. Experiential learning through STEM:
Recent initiatives in the United States. International Journal of Training and
Development 27(3—4):327-359, https://doi.org/10.1111/ijtd.12302.

Tennekes, H., and J.L. Lumley. 1972. A First Course in Turbulence. The MIT Press,
https://doi.org/10.7551/mitpress/3014.001.0001.

Thorpe, S.A. 2007. An Introduction to Ocean Turbulence, 1st ed., Cambridge
University Press, https://doi.org/10.1017/CBO9780511801198.

Topping, K.J. 2005. Trends in peer learning. Educational Psychology 25(6):631-645,
https://doi.org/10.1080/01443410500345172.

Tsutsumi, E., T. Matsuno, S. Itoh, J. Zhang, T. Senjyu, A. Sakai, K. Lee, D. Yanagimoto,
I. Yasuda, H. Ogawa, and others. 2020. Vertical fluxes of nutrients enhanced by
strong turbulence and phytoplankton bloom around the ocean ridge in the Luzon
Strait. Scientific Reports 10(1):17879, https://doi.org/10.1038/s41598-020-74938-5.

Zheng, B., A.J. Lucas, U. Send, K. Davis, and P.J. Franks. 2026. Mixing at the
margins drives nitrate delivery during downwelling. Geophysical Research
Letters 53(9):e2025GL121435, https://doi.org/10.1029/2025GL121435.

ACKNOWLEDGMENTS

The organizing group wishes to thank the University of California Ship Funds pro-
gram; the captain and crew aboard R/V Robert Gordon Sproul; Scripps Institution of
Oceanography, University of California San Diego; and the San Diego Association for
Women in Science for their support. We also wish to thank all our guest speakers and
the engineers and technicians in the MOD lab for lending their expertise and time, as
well as members of MOD senior leadership, Jennifer A. MacKinnon, Matther H. Alford,
Nicole Couto, and Arnaud LeBoyer, for letting us borrow some pretty expensive
instruments. We are also grateful to the two anonymous reviewers for their com-
ments, which improved this manuscript. Finally, a big thank you to the student par-
ticipants of the first iteration of COMCEPTS who brought so much enthusiasm and
curiosity to the course.

AUTHORS

Andrea Rodriguez-Marin (anr009@ucsd.edu), Ankitha Kannad, Kerstin Bergentz,
Charlotte Bellerjeau, Caique Dias Luko, Helen Zhang, and Becca McConnell,
Scripps Institution of Oceanography, University of California San Diego, La Jolla,
CA, USA.

ARTICLE CITATION

Rodriguez-Marin, A., A. Kannad, K. Bergentz, C. Bellerjeau, C. Dias Luko, H. Zhang,
and B. McConnell. 2026. Ocean turbulence and mixing course: Student-led instruc-
tion and at-sea experimentation. Oceanography 39(3), https://doi.org/10.5670/
0ceanog.2026.e305.

COPYRIGHT & USAGE

This is an open access article made available under the terms of the Creative
Commons Attribution 4.0 International License, which permits use, sharing, adapta-
tion, distribution, and reproduction in any medium or format as long as users cite the
materials appropriately, provide a link to the Creative Commons license, and indicate
the changes that were made to the original content.



https://gfd.whoi.edu/
https://doi.org/10.5670/oceanog.2026.e305
https://doi.org/10.5670/oceanog.2026.e305
https://doi.org/10.1177/1521025117738233
https://doi.org/10.1080/0260293990240405
https://doi.org/10.1080/0260293990240405
https://doi.org/10.1038/s41597-024-03323-y
https://doi.org/10.1007/s10755-008-9068-x
https://doi.org/10.1038/s41467-025-56917-4
https://doi.org/10.1175/JTECH-D-20-0116.1
https://doi.org/10.1016/B978-0-12-821512-8.00020-7
https://doi.org/10.3389/fmars.2024.1334327
https://doi.org/10.1016/B978-0-12-821512-8.00009-8
https://doi.org/10.1016/B978-0-12-821512-8.00009-8
https://doi.org/10.1016/C2019-0-03674-6
https://doi.org/10.1177/1053825917742165
https://doi.org/10.1016/B978-0-12-821512-8.00008-6
https://doi.org/10.1016/B978-0-12-821512-8.00008-6
https://doi.org/10.1080/10899995.2019.1675131
https://doi.org/10.28968/cftt.v9i2.38296
https://doi.org/10.28968/cftt.v9i2.38296
https://doi.org/10.1017/CBO9780511840531
https://doi.org/10.1017/CBO9780511840531
https://doi.org/10.1111/ijtd.12302
https://doi.org/10.7551/mitpress/3014.001.0001
https://doi.org/10.1017/CBO9780511801198
https://doi.org/10.1080/01443410500345172
https://doi.org/10.1038/s41598-020-74938-5
https://doi.org/10.1029/2025GL121435
mailto:anr009@ucsd.edu
https://doi.org/10.5670/oceanog.2026.e305
https://doi.org/10.5670/oceanog.2026.e305
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	CONTENTS
	QUARTERDECK. Rule Changes Related to Publications Proposed by the US Office of Management and Budget
	COMMENTARY. Argo at a Crossroads: Achievements, Impacts, and the Imperative for Sustained Global Oce
	CAREER PROFILES
	_bookmark3
	_bookmark4
	_bookmark5
	_bookmark6
	_bookmark7
	_bookmark8
	_bookmark9
	_bookmark10
	_bookmark11
	_bookmark12
	_bookmark13
	_bookmark14
	_bookmark16
	_bookmark17
	_bookmark18
	_bookmark19
	_bookmark20
	_bookmark21
	_bookmark22
	_bookmark23
	_bookmark24
	_bookmark25
	_bookmark26

