Responsive by Design:
Integrating Artificial Intelligence Across
the National Career Clusters® Framework

The evolution and rise of artificial intelligence (Al) is rapidly changing the world of work.
Technological advancements in Al continue to transform the roles and responsibilities of
many occupations; Career Technical Education (CTE) must keep pace with these changes
to reflect this new reality. While many uncertainties remain about the extent to which Al
will change the workforce, it is undeniable that all CTE learners must build a foundation for
using Al, particularly for their chosen careers and industry sectors. To prepare learners for
success in the world of work, state leaders must decide how to equip them with the
relevant skills to use Al safely and in an industry-aligned way.

The Connected Path: A Shared Vision for Opportunity and Empowerment through CTE
(CTE Connects) calls for expanded opportunities to build mastery of emerging technologies,
as identified by industry. Harnessing Al and other technologies requires gaining a deeper
understanding of industry-specific uses and identifying opportunities to strengthen those
skills in the classroom. The National Career Clusters® Framework is the foundational
organizing structure of CTE program design, and its modernized structure provides shared
language across states, communities, and institutions, connecting current occupations and
career fields to Sub-Clusters and programs of study. Using the Framework, states can better
understand Al use across industries and its impact on CTE classrooms.

This resource provides state leaders and educators with concrete examples of how Al is
leveraged by the industries connected to each Career Cluster, as well as implementation
strategies for states to consider when designing and delivering CTE programs. While this
brief highlights research fromm multiple sources, most research was conducted through the
CTE Futures project. To learn more about the team’s work on Al-resilient CTE pipelines,
refer to the CTE Futures resource page, which offers more extensive resources for most
Cluster Groupings.
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CTE for an Al-driven economy.


https://careertech.org/cte-connects/
https://careertech.org/career-clusters/about-the-national-career-clusters-framework/
https://www.ctefutures.com/resources

Use of Al Across the Career
Clusters Framework

The Al model of cointelligence, developed by CTE Futures,
demonstrates a pedagogic framework for programs that
incorporate “the intersection of Al mastery, technical skills,

and human transferable skills."" Al mastery is defined as a
“continuum of skills” that begins with Al literacy, moving “a

learner from basic awareness to the ability to strategically

select, critique, and adapt Al tools for their work.” In the

context of CTE, Al mastery is an important skill set that should

be integrated with other technical and academic skKills learners are
gaining and be further contextualized by Career Cluster. While some
Career Clusters have been more affected by Al than others, every Cluster
includes occupations in which Al is changing how people work and apply their
technical and transferable skills.

The following sections provide examples of how Al is shaping different occupations
across the Framework. The research used to inform this resource is national in scope, so
certain industry sectors may be more or less affected depending on state-level context.

Cluster Grouping: Building & Moving

Advanced Manufacturing

Engineering and Producing Tomorrow’s Solutions

Advanced Manufacturing Career Cluster

b Al-powered technologies enable manufacturing companies to identify potential
equipment failures before they occur, helping to reduce downtime and waste.

P Machine learning models leverage historical data to predict potential safety risks,
enabling proactive interventions and strategies to uphold occupational health
guidelines and protocols.

b Engineers use generative Al technologies to enable sophisticated design
optimization, allowing the engineers to create and evaluate multiple product design
iterations rapidly.?
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*==" Building Futures and Pioneering Sustainable Horizons

Construction Career Cluster

b Al-driven forecasting tools leverage historical project data to conduct sophisticated
analyses and recommend strategic interventions. Such processes enable more
accurate project timeline predictions and resource allocation, helping protect against
project delays and optimize schedules and budget management.

b Al technologies in robotics optimize construction design and development. These
tools generate multiple building models to systematically evaluate and select
architectural solutions predicted to be the most efficient and cost-effective.

P Beginning at training, Al-driven simulations create immersive, realistic scenarios that
allow workers to develop critical safety skills in controlled environments. These
advanced learning platforms enable workers to recognize and respond to potential
dangers more effectively, ultimately reducing workplace risks.

Supply Chain & Transportation

== Driving Efficiency and Streamlining Tomorrow’s Transport

Supply Chain & Transportation Career Cluster

b Air traffic controllers use Al-driven systems to dynamically
reroute aircraft to mitigate delays, fuel overconsumption, and
inefficiencies in air traffic control. They also use Al tools to
analyze real-time data on weather patterns, flight schedules,
and airspace congestion to optimize air traffic control.

b Occupations in ground and rail transportation use Al tools
to advance driverless technology by processing sensor data
to navigate roads, detect obstacles, and make real-time
decisions.

b Professionals in planning and logistics use Al algorithms to
analyze historical sales data, market trends, and external
factors to predict future demand.*
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Cluster Grouping: Cultivating Resources

Agriculture

Cultivating Sustainability and Nourishing the World

Agriculture Career Cluster

Farmers leverage Al applications to make precise decisions about planting and
harvesting times, resulting in yield improvements of 15%-20% across various regions.
With sufficient data fed into machine learning algorithms, Al applications can
analyze historical crop data and local climate patterns to recommend optimal crop
varieties.

In livestock management, Al tools such as computer vision and wearable sensors
track individual animals’ behavior, movement, and health metrics, enabling early
detection of issues such as lameness, disease, or poor nutrition.

Agricultural and water management systems use Al-powered sensors and machine
learning algorithms to optimize irrigation schedules and reduce water use by up to
30% while maintaining crop yields.®

Energy & Natural Resources

Powering Progress and Preserving Our Planet

Energy & Natural Resources Career Cluster

Maintenance teams use Al to identify patterns of wear or
stress in drilling equipment and pipelines by analyzing
sensor data, enabling them to act before failures occur,
reducing downtime and avoiding costly repairs.

Crid operators use real-time data analysis to respond
dynamically to fluctuations in power usage, reducing the
need for fossil-fuel-based backup power and supporting
cleaner, more efficient energy systemes.

Conservation teams use Al-powered systems to analyze
multispectral satellite data to identify early signs of
deforestation or disease outbreaks in vegetation, allowing teams
to respond more quickly and effectively.®
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Cluster Grouping: Caring for Communities

( “"Healthcare & Human Services

t{/ Supporting the Whole Health of Individuals, Families, and Communities

Healthcare & Human Services Career Cluster

b Healthcare professionals use Al systems to effectively detect
abnormalities across various diagnostic imaging modalities,
including CT scans, MRIs, and X-rays, and to identify critical
conditions such as strokes or fractures in real time.

b Professionals such as nurses are increasingly adopting
natural language processing technologies to automate
clinical documentation and reduce administrative workload.

b Clinicians use Al-powered mobile applications and wearable
devices for remote patient monitoring and support. These
monitoring technologies track critical indicators—including vital
signs, sleep patterns, activity levels, and speech patterns—in real-
world environments, resulting in more precise and personalized
patient care interventions.’

\K\, ~Education

\y Transforming Lives and Enriching Futures Through Lifelong Learning

Education Career Cluster

P Secondary and postsecondary institutions deploy Al-powered learning
management systems that analyze learner performance data to identify
knowledge gaps and automatically adjust curriculum delivery, enabling truly
personalized instruction at scale.

b Institutional leaders leverage Al-powered analytics to identify learning trends,
optimize resource allocation, and predict learner outcomes with remarkable
precision.

b For administrative efficiency, educational and communication platforms
incorporate Al to streamline assessment processes, organize educational
resources, and monitor learner performance metrics.®
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(= Public Service & Safety

= Shaping, Serving, and Protecting Our Communities

Public Service & Safety Career Cluster

b Emergency medical services integrate Al technologies to enhance emergency
response times and dispatch efficiency. For example, Al can analyze emergency
calls in real time by examining speech patterns, background noises, and breathing
irregularities.

P For crime scene investigations, Al-driven solutions improve the processing of
fingerprints, audio recordings, handwriting, and other evidence.

P Al simulation tools facilitate comprehensive training in legal ethics and
professional conduct by presenting trainees with intricate ethical dilemmas that
demand sophisticated decision-making. These approaches help bridge the gap
between theoretical knowledge and practical application.®

Cluster Grouping: Creating & Experiencing

@ Hospitality, Events, & Tourism

== Unlocking Adventures and Elevating Experiences

Hospitality, Events, & Tourism Career Cluster

b Guest service capabilities use intelligent chatbots and virtual
concierges that provide 24/7 support, handle routine
inquiries, and facilitate seamless booking modifications.
Such technologies support workers by serving as decision-
making aids.

b Hotel operators increase efficiency and service quality to
meet the evolving expectations of today’s travelers
through engines that analyze and personalize guest
preferences and booking histories to deliver tailored
recommendations and customized experiences.

b Event planners use Al-driven analytics platforms to collect
comprehensive data on attendee behavior, session engagement,
and content performance, enabling planners to measure success
metrics more accurately and make data-informed decisions for future
events.”©
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(= Arts, Entertainment, & Design

Inspiring Creativity, Innovation, and Artistry

Arts, Entertainment, & Design Career Cluster

b Graphic designers and artists use Al technologies to manipulate
images and adjust elements of composition within graphic
design.

b Professionals working in sound production use Al tools to
transform audio postproduction through automated dialogue
replacement, noise reduction algorithms that isolate and
enhance specific audio elements, and intelligent mixing
systems that balance sound levels across different playback
environments.

b Set designers use Al-powered software to create detailed

three-dimensional set visualizations before physical construction \\% '

begins, enabling precise spatial planning and early identification
of potential structural issues.”

Cluster Grouping: Investing in the Future

Financial Services

Empowering Financial Resilience

Financial Services Career Cluster

Banks and credit card companies employ Al algorithms to analyze transaction
histories and patterns and detect abnormalities that may indicate
fraudulent activity.

Banks use Al tools to analyze bank account activity, transaction history, and
spending habits, and to forecast future deposits and withdrawals. These insights
provide customers with a full picture of their financial health and help banks
deliver tailored financial guidance.?

Finance companies use Al-powered chatbots and virtual assistants to interact
with customers, answer questions, and provide personalized financial advice.”
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Cluster Grouping: Connecting & Supporting Success

Management & Entrepreneurship

Driving Business Success Across All Industries

Management & Entrepreneurship Career Cluster

> Managers and business owners use Al to streamline business processes and reduce the
time required to complete tasks, including administrative responsibilities, customer
support, and the production of comprehensive business reports.

P Al tools and platforms predict service or product demand and forecast
potential risks. Management personnel then further engage with Al
to develop long-term goals and to strategically plan decisions
based on outputs from Al platforms and tools.™

> Employee and customer satisfaction surveys are
administered and/or assessed using Al. Al tools can analyze
survey responses to pinpoint issues or themes, which
managers can then use to determine a course of action.”®

Marketing & Sales

Improving Communication and Connections

Marketing & Sales Career Cluster

b Al is used in marketing research, analytics, and ethics to observe
consumer behavior and patterns to deliver tailored messages
throughout the consumer experience. For example, marketers may
use Al to provide customers with a “suggested item” based on previous
purchases, music service listeners with daily mixes based on listening history, and
streaming services with recommmendations based on watch history.'®

P> Al chatbots and agents interact with customers by answering specific questions about
their needs or interests, and marketing companies use those responses to develop
personalized product or service recommendations.!”

P> Al analyzes what customers buy and when, helping marketers develop targeted
marketing messages and promotional offers. Typically, these messages and offers are
marketed to customers during periods when they are predicted to purchase more.”®
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Digital Technology

Modernizing Industries and Connecting Communities

Digital Technology Career Cluster

b Careers in information technology, data science, and related fields design, maintain,
and innovate Al tools and systems used in the workplace. These professionals work to
improve human collaboration and communication between humans and machines.

P IT support and service roles use Al tools to identify and correct network issues, such
as expediting ticket review times by tracking case progress and helping professionals
find solutions to common issues.

P Specialists in cybersecurity and computer networking use Al to analyze network
activity and user behavior to detect anomalies or threats to network security.”

Al Implementation Strategies

The examples in this resource demonstrate how professionals
use Al to make various job tasks more efficient and provide
insights into where Al is taking industry. While Al helps
expedite tasks, quickly detect patterns, and support systems-
level decision- making, industries still need human emotion
and judgment to review Al outputs and apply them ethically
and responsibly.

States should consider the following implementation strategies

when deciding how best to integrate Al into all CTE classrooms

and connected experiences. Not every state or district currently has
the infrastructure, resources, and/or staff to fully expose learners to and
engage them with the full range of Al tools and practices used in
workplace settings. However, states can still provide support and tools to help
learners understand how to use Al and develop transferable skills that will help
them thrive in the workforce.
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Develop statewide guidance on Al use in CTE

- Collaboratively develop guidelines that outline best practices for using Al in
CTE settings, gathering input from learners, families, instructors, employers,
and other partners.

« Communicate guardrails for the responsible and transparent use of Al in the
classroom to learners, families, educators, and others working with learners,
including guidance on protecting learners’' data and maintaining learning
integrity.

« With ongoing stakeholder input, determine for each Career Cluster the basic
Al skills learners need, the technical, career readiness, and other transferable
skills to apply when using Al in the workplace, and how learners will access
hands-on project learning opportunities.?°

N\

-

Prepare and support educators to develop Al literacy

« Support educators in teaching learners Al literacy that complements relevant
classroom instruction and modernizes learners’ experiences. Educators should
balance the use of Al with independent thinking and treat it as an addition to
learning and instruction rather than a replacement.

« Provide professional development supporting educators in helping learners
understand how to create and evaluate Al outputs. While Al can be a valuable
tool in streamlining tasks, learners still need to be cognizant of its limitations
and know how to exercise ethical judgment when applying it to assignments
or work.?

- Facilitate cross-disciplinary discussions among state education teams to
assess how Al is currently taught or used in classrooms and to identify
practices districts could adopt.
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Leverage industry partnerships to integrate and contextualize
Al learning

- Reconsider the roles and structures of advisory committees to
proactively engage with industry and enable continuous, timely
collaboration on the integration of Al into classrooms.

. Seek ongoing input from industry partners to validate Al-related skills.
Have them demonstrate, for learners and educators alike, how Al
technologies are used in their sectors and work settings at the state and
local levels to make work more efficient and effective. State-level
partnerships with industry associations and district-level partnerships
with workforce development boards can help connect educators with
industry, enabling them to build their Al knowledge and skill sets and
incorporate effective instructional strategies informed by industry input.
Partnerships also help educators more deeply connect learning to the
workplace and provide learners with opportunities to engage with Al
technology in their career fields directly.??

Consider cross-sector conversations about Al uses

- Have conversations with educators and industry professionals about how
learners can gain exposure to and experience with Al across industries that
share occupations and technical skills.

« Convene industries and workforce partners to strategize about how to
navigate uncertainties and consider how Al literacy can be treated as a cross-
cutting, transferable skill. In addition to schools, some industry representatives
may be unsure how Al is directly affecting occupations within their sector and
what training is needed to prepare for these changes. This is an opportunity
for CTE leaders to codesign and collaborate.?®
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