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INTRODUCTION 
Although not a new phenomenon, interest in artificial intelligence 
(AI)-based tools has exploded recently. This rapid technological 
development expands the use of machines beyond prediction and 
summarization to generating content that closely resembles human 
work. As a result, applications of AI are expanding rapidly and becom-
ing integrated into various sectors of society (Stevens et al., 2021). 

AI is especially relevant in ocean-related sectors due to the com-
plex and challenging nature of research in the marine environment, 
which requires development of specialized equipment to access. 
AI tools are uniquely relevant for developing autonomous data col-
lection methods, integrating data from diverse sources, automating 
processing of large datasets (e.g.,  from near-real-time sensors) or 
complex data (e.g., image/pattern recognition), and enabling predic-
tive modeling to forecast ocean and climate phenomena. AI can also 
be applied to the ocean governance and policy structures that reflect 
marine system complexity. It can also help to assess risks in maritime 
activities, provide decision-support tools, enhance ocean monitoring, 
optimize resource use, and improve the efficiency of processes and 
operations in the marine environment (Stevens et al., 2021). 

Given the increasing prevalence of AI in ocean sectors and the 
sustainable blue economy, AI literacy is essential for ocean pro-
fessionals across career stages, job types, and a range of techni-
cal competencies. While some ocean professionals engage directly 
in AI development, use of the increasingly user-friendly tools and 
applications is expanding into less technical roles involved in the 
knowledge-to-action pipeline. This increasingly digital landscape in 
ocean professions and the expanding blue economy, along with the 
demand for responsible AI, highlights the critical need for all marine 
professionals to broadly understand AI. This knowledge is essential 
for effectively using, trusting, interpreting, and sometimes develop-
ing AI tools (Stevens et al., 2021; Artificial Intelligence Literacy Act of 
2023, H.R.6791).

AI literacy is vital in order to foster curiosity, build confidence, 
and encourage critical thinking to evaluate the uses and impacts of 
AI technologies. It can also help ensure that AI tools are implemented 
in an inclusive and ethical manner and can illuminate responsible, 
sustainable, novel, and beneficial applications of AI (Wolters et  al., 
2024). Additionally, AI literacy is a key strategy for mitigating the 
effects of AI-driven job displacement (Chen et al., 2022). 

Existing AI literacy literature focuses on K–12 students and formal 
education settings (online supplementary Appendix S1). Although 
interest is growing in expanding AI literacy to professional con-
texts, higher education, and adult learners, more targeted efforts are 
needed to effectively engage these groups, including ocean profes-
sionals with varying technical skills (Wolters et  al., 2024). Practical 
examples of AI trainings for ocean professionals exist but tend to 
emphasize methodological and technical competence. Here we pro-
pose an AI literacy framework for ocean professionals that includes a 
holistic definition of AI literacy and briefly explores how to realize the 
goal of a broadly AI-literate ocean workforce (Figure 1).	

WHAT IS AI LITERACY? 
Building on the framework described in Schüller (2022), we define 
AI literacy in ocean professions as the values, competencies, and 
knowledge, across ethical, social, technical, cultural, philosophical, 
and economic dimensions, needed to navigate in an AI-influenced 
field. As the efforts to increase holistic AI literacy are in their early 
stages, there does not yet exist an established consensus curriculum 
for AI knowledge. However, there is agreement that it can include 
foundational AI concepts, ethical considerations, real-world exam-
ples and practical applications, impact of AI on society, critical think-
ing and evaluation of AI, and current and emerging AI technologies 
and techniques (Long and Magerko, 2020; Ng et al., 2021).

HOW DO WE BUILD, INCENTIVIZE, 
AND ENABLE AI LITERACY? 
AI literacy requires access to digital tools and motivation to engage 
with them. Demonstrating the relevance and utility of AI can moti-
vate individuals to explore these tools and concepts. Developing 
AI literacy among ocean professionals necessitates embedding 
professional development opportunities within organizational pro-
cesses and supporting self-directed learning. Educational resources 
should be accessible, user-friendly, and tailored to specific audi-
ences, and teaching methods should accommodate various learning 
styles (Dominguez Figaredo and Stoyanovich, 2023). For individuals 
already in the workforce, professional development, informal learn-
ing, and adult education opportunities are needed (Schüller, 2022; 
Figaredo and Stoyanovich, 2023). For example, the NOAA Center 
for Artificial Intelligence Learning Journal Library (https://github.com/
noaa-ncai/learning-journey/) is a community-generated resource 
offering open-science tools and educational materials to expand 
AI knowledge at all levels of understanding.

Achieving AI literacy involves engaging a diverse range of indi-
viduals, including students, educators, employees, employers, lead-
ers, funders, and decision-makers from various sectors, including 
academia, government, nonprofits, and business. Researchers can 
collaborate with educators to convey AI advancements and ethi-
cal considerations effectively. Employers can promote AI literacy by 
offering resources such as time, funding, and professional develop-
ment opportunities. Educators and training specialists play a key role 
in developing and delivering AI education programs. Additionally, 
decision-​makers can advocate for policies that promote AI literacy, 
potentially through mandates or funding for educational initiatives 
(Pinski and Benland, 2024).

A CALL FOR AI LITERACY IN OCEAN PROFESSIONS 
Given the widespread and growing presence of AI in ocean sectors, 
ocean professionals, regardless of technical role, sector, or career 
stage, can benefit from AI literacy. This literacy encompasses ethi-
cal, social, technical, cultural, philosophical, economic, and scientific ​
dimensions. Tailoring AI literacy to specific sectors and professions 
is crucial to refining frameworks, assessment tools, and educational 
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programs for ocean professionals (Wolters et  al., 2024). Future 
research could focus on a stakeholder-first approach to better under-
stand the contexts in which AI is used in marine careers and to assess 
existing AI literacy initiatives across various sectors, regions, and 
backgrounds (Dominguez Figaredo and Stoyanovich, 2023). 

While AI can drive rapid, transformative solutions, its potential relies 
on individuals engaging meaningfully and ethically in its development 
and use. Thus, AI literacy is vital for ethical and informed participation 
with AI, which is crucial for a responsible and sustainable future.

SUPPLEMENTARY MATERIALS
Supplementary Appendix S1 is available online at https://doi.org/10.5670/
oceanog.2025.109.

REFERENCES 
Chen, N., Z. Li, and B. Tang. 2022. Can digital skill protect against job displace-

ment risk caused by artificial intelligence? Empirical evidence from 701 detailed 
occupations. PLoS ONE 17:e02772802022, https://doi.org/10.1371/journal.
pone.0277280.

Domínguez Figaredo, D., and J. Stoyanovich. 2023. Responsible AI literacy: 
A stakeholder-first approach. Big Data & Society 10(2):20539517231219958, 
https://doi.org/10.1177/20539517231219958.

Long, D., and B. Magerko. 2020. What is AI literacy? Competencies and design 
considerations. Pp. 1–16 in Proceedings of the 2020 CHI Conference on Human 
Factors in Computing Systems. Association for Computing Machinery, New York, 
NY, https://doi.org/10.1145/3313831.3376727.

Ng, D.T.K., J.K.L. Leung, S.K.W. Chu, and M.S. Qiao. 2021. Conceptualizing 
AI literacy: An exploratory review. Computers and Education: Artificial 
Intelligence 2:100041, https://doi.org/10.1016/j.caeai.2021.100041.

Pinski, M., and A. Benlian. 2024. AI literacy for users – A comprehensive review 
and future research directions of learning methods, components, and effects. 
Computers in Human Behavior: Artificial Humans 2(1):100062, https://doi.org/​
10.1016/j.chbah.2024.100062.

Schüller, K. 2022. Data and AI literacy for everyone. Statistical Journal of the 
IAOS 38(2):477–490, https://doi.org/10.3233/SJI-220941.

Stevens, B., C. Jolly, and J. Jolliffe. 2021. A New Era of Digitalisation for Ocean 
Sustainability? Prospects, Benefits, Challenges. OECD Science, Technology and 
Industry Policy Papers, No. 111, OECD Publishing, Paris, 55 pp., https://doi.org/​
10.1787/a4734a65-en.

Wolters, A., A.F. Arz Von Straussenburg, and D.M. Riehle. 2024. AI Literacy in 
Adult Education - A Literature Review. Pp. 6,888–6,897 in Proceedings of the 
57th Hawaii International Conference on System Sciences, https://hdl.handle.
net/​10125/107211.

ACKNOWLEDGMENTS
We are grateful to the many informal conversations with colleagues that helped 
to shape this work. EVS was supported by a partnership among CalCOFI partici-
pants, including Scripps Institution of Oceanography, NOAA Southwest Fisheries 
Science Center, California Department of Fish and Wildlife, and California Sea 
Grant. EVS and MJR contributed to all phases of the manuscript and collaboratively 
wrote all versions of the paper.

AUTHORS
Erin Satterthwaite (esatterthwaite@ucsd.edu), CalCOFI and California Sea Grant, 
Scripps Institution of Oceanography, University of California San Diego, La Jolla, 
CA, USA. Matthew Robbins, Bren School of Environmental Science and 
Management, University of California Santa Barbara, and Robbins Research, 
Santa Barbara, CA, USA.

ARTICLE DOI. https://doi.org/10.5670/oceanog.2025.109

FIGURE 1. A multifaceted approach, 
as outlined here, can foster respon-
sible AI literacy within ocean and 
ocean-related professions. 
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