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[bookmark: recommendation]Recommendation
Based on the data included in this report, it is difficult to determine the labor market gap between the demand for Artificial Intelligence occupations and the supply of qualified graduates. 

There is ample evidence of the demand for Artificial Intelligence occupations. In the Bay region there are 1,395 annual openings for Data Scientists, which is the closest occupational title that aligns with Artificial Intelligence occupations, and has labor market data available from EDD. When searching for on-line job postings data, there are 45,675 job postings annually (most recent 12 month period) in the Bay region using the “Lightcast Sector” for Artificial Intelligence which crosses occupations and industries. Lightcast created this “Artificial Intelligence Sector” definition in collaboration with subject matter experts.

What is more challenging is identifying the number of qualified graduates annually receiving Bachelor’s degree awards in Artificial Intelligence, from four-year colleges and universities in the Bay region and California. A review of Integrated Postsecondary Education Data System (IPEDS) data through academic year 2021-22 shows only Master’s degree awards issued under CIP 11.0102 – Artificial Intelligence. It is likely that Artificial Intelligence Bachelor’s degree awards would be found under CIP 11.0701 – Computer Science, but further research would be needed to identify the specific number of awards from these programs and therefore to be able to accurately determine the labor market gap between the supply of qualified graduates annually and the demand for Artificial Intelligence occupations. 
[bookmark: introduction]Introduction
This report profiles Artificial Intelligence Occupations in the 12 county Bay region and in the Silicon Valley sub-region for a potential Bachelor’s degree program at Foothill College.
According to available labor market information, there is no single occupation for “artificial intelligence.” However, the closest occupation is “Data Scientists” who apply data mining, data modeling, natural language processing, and machine learning to extract and analyze information from large structured and unstructured datasets. Labor market data for this occupation is provided in Tables 1 and 2 of this report. 
Because the entry-level educational requirement for Data Scientists is a Bachelor’s degree, this occupation is appropriate for a labor market analysis for Foothill College’s potential application for a Bachelor’s degree program. Also included in this report are data for online job postings using the “Lightcast sector” for Artificial Intelligence. Lightcast sectors are distinct parts of the labor market which cross occupations and industries. Lightcast created its Artificial Intelligence sector definition in collaboration with subject matter experts.
This report also provides preliminary data on four-year colleges and universities who offer Bachelor’s degree programs related to Artificial Intelligence. 
· Data Scientists (15-2051): Develop and implement a set of techniques or analytics applications to transform raw data into meaningful information using data-oriented programming languages and visualization software. Apply data mining, data modeling, natural language processing, and machine learning to extract and analyze information from large structured and unstructured datasets. Visualize, interpret, and report data findings. May create dynamic data reports.
  Entry-Level Educational Requirement: Bachelor’s degree
  Training Requirement: None
  Percentage of Community College Award Holders or Some Postsecondary Coursework: 10%
[bookmark: occupational-demand]Occupational Demand
Table 1. Employment Outlook for Artificial Intelligence Occupations in Bay Region
	Occupation
	2022 Jobs
	2027 Jobs
	5-yr Change
	5-yr % Change
	5-yr Total Openings
	Annual Openings
	25% Hourly Wage
	Median Hourly Wage

	Data Scientists
	13,669
	16,242
	2,573
	19%
	6,973
	1,395
	$60
	$79

	Total
	13,669
	16,242
	2,573
	19%
	6,973
	1,395
	$60
	$79

	Source: Lightcast 2022.3

	Bay Region includes: Alameda, Contra Costa, Marin, Monterey, Napa, San Benito, San Francisco, San Mateo, Santa Clara, Santa Cruz, Solano and Sonoma Counties


Table 2. Employment Outlook for Artificial Intelligence Occupations in Silicon Valley Sub-region
	Occupation
	2022 Jobs
	2027 Jobs
	5-yr Change
	5-yr % Change
	5-yr Total Openings
	Annual Openings
	25% Hourly Earning
	Median Hourly Wage

	Data Scientists
	4,738
	5,596
	858
	18%
	2,363
	473
	$68
	$83

	Total
	4,738
	5,596
	858
	18%
	2,363
	473
	$68
	$83

	Source: Lightcast 2022.3

	Silicon Valley Sub-Region includes: Santa Clara County


[bookmark: X0e2a58c6fe91180d33595cd8d0d48d436377436]Job Postings in Bay Region and Silicon Valley Sub-Region
Table 3. Number of Job Postings by Occupation for latest 12 months (May 2023 - April 2024)
	Occupation
	Bay Region
	Silicon Valley

	Data Scientists
	14,828
	6,539

	Source: Lightcast



Table 4a. Top Job Titles for Artificial Intelligence Occupations based on Job Postings for latest 12 months (May 2023 - April 2024) - Bay Region
	Title
	Bay
	Title
	Bay

	Machine Learning Engineers
	1,400
	Staff Software Engineers
	288

	Data Scientists
	1,156
	Applied Scientists
	268

	Software Engineers
	   815
	Google Cloud Architects
	267

	Data Engineers
	   668
	Algorithm Engineers
	262

	Machine Learning Software Engineers
	   534
	Infrastructure Software Engineers
	255

	Research Scientists
	   414
	Principal Software Engineers
	239

	Product Managers
	   389
	Backend Software Engineers
	231

	Autonomous Vehicle Operators
	   289
	Principal Product Managers
	229

	Source: Lightcast
Note: The “Lightcast Sector” for Artificial Intelligence was used to search for the most common job titles related to artificial intelligence. Lightcast sectors are distinct parts of the labor market which cross occupations and industries. Lightcast created this Artificial Intelligence Sector definition in collaboration with subject matter experts.


Table 4b. Top Job Titles for Artificial Intelligence Occupations based on Job Postings for latest 12 months (May 2023 - April 2024) - Silicon Valley Sub-Region
	Title
	Silicon Valley
	Title
	Silicon Valley

	Machine Learning Engineers
	834
	Product Managers                           
	177

	Data Scientists
	450
	Applied Scientists
	169

	Software Engineers
	409
	Deep Learning Engineers
	162

	Machine Learning Software Engineers
	356
	Software Development Engineers
	135

	Data Engineers
	280
	Infrastructure Software Engineers
	147

	Google Cloud Architects
	212
	Staff Software Engineers 
	135

	Autonomous Vehicle Operators 
	196
	Principal Software Engineers 
	129

	Research Scientists
	192
	Backend Software Engineers 
	107

	Algorithm Engineers 
	182
	Principal Product Managers
	106

	Source: Lightcast
Note: The “Lightcast Sector” for Artificial Intelligence was used to search for the most common job titles related to artificial intelligence. Lightcast sectors are distinct parts of the labor market which cross occupations and industries. Lightcast created this Artificial Intelligence Sector definition in collaboration with subject matter experts.


[bookmark: industry-concentration]Industry Concentration
Table 5. Top Industries hiring Artificial Intelligence Workers in Bay Region based on Job Postings for latest 12 months (May 2023 - April 2024) - Bay Region
	Industry - 6 Digit NAICS (No. American Industry Classification) Codes
	Postings 

	Web Search Portals and All Other Information Services
	2,983

	Software Publishers
	2,944

	Semiconductor and Related Device Manufacturing
	2,593

	Custom Computer Programming Services
	2,334

	Computer Infrastructure Providers, Data Processing, Web Hosting,      and Related Services
	1,999

	Electronic Computer Manufacturing
	1,679

	Employment Placement Agencies
	1,416

	Other Computer Related Services
	1,106

	Computer Systems Design Services
	1,062

	Colleges, Universities and Professional Schools
	1,051


Table 6. Top Employers Posting Artificial Intelligence Occupations in Bay Region and Silicon Valley Sub-Region based on Job Postings for latest 12 months (May 2023 - April 2024)  
	Employer
	Bay
	Employer
	Bay

	Meta 
	1,662
	Walmart
	609

	Nvidia 
	1,624
	Zoox
	552

	Apple
	1,432
	Capital One
	535

	Google
	1,213
	Tesla
	523

	TikTok 
	800
	Synopsys
	521

	Amazon
	782
	University of California
	500


[bookmark: educational-supply]
Wages for AI Occupations based on Job Postings Data
From the job postings data during the past 12 months, there were 27,509 advertised salary observations, which represents 60% of the 45,675 job postings for Artificial Intelligence as reported by Lightcast. The median hourly wage for those postings advertised an hourly wage is $85 per hour.

Generative AI Requires New Talent and Training
The 2020 LinkedIn U.S. Emerging Jobs Report identified the top 15 jobs over the previous five years and emphasized that “artificial intelligence and data science roles continue to proliferate across nearly every industry.” Artificial intelligence specialist (No. 1) showed 74% annual growth, data scientist (No. 3) and data engineer (No. 8) followed with 37% and 33% annual growth respectively.

According to a KPMG survey[footnoteRef:1] of employers, two-thirds of U.S. executives (66%) said that the implementation of generative AI would require both hiring new talent, as well as training existing talent. In fact, 71% of executives believe that the IT/Tech function will need to hire as well as train employees for a smooth implementation of generative AI. During implementation, executives believe knowledge about AI, ML, NLP, text-to-speech and speech-to-text would be deemed the most anticipated skillset. [1:  “Generative AI has an increasing effect on the workforce and productivity – KPMG survey,” June 2023
] 


Generative AI and Job Creation
Three fourths of U.S. executives (76%) who responded to the KPMG survey believe that IT and software related jobs will witness a positive impact with a widescale adoption of generative AI. As a result, the top three positively affected jobs in the IT/Tech function will be: IT and software related jobs, creative jobs and customer service jobs. In the non-IT functions, IT and software related jobs, creative jobs and financial jobs complete the top three.

Key Findings from the KPMG Survey:
· 72% said that generative AI could play an important role in increasing productivity in the workplace.
· 66% said that generative AI would change in the way people work in the future.
· 62% said that generative AI could end up encouraging innovation in the workplace and help in creating more products and services.
· With the implementation of generative AI, 47% are expecting decreased job security, and 41% are concerned with reduced opportunities for overall development.

Sample Artificial Intelligence and Machine Learning Job Descriptions
	Job Title
	Job Description

	AI Ops
	AI operations for IT operations technician/engineers uses AI and ML to automate and improve IT operations. They use data analytics to collect and aggregate data from multiple IT infrastructure components, application demands, and performance-monitoring tools and service ticketing systems, they use the data to identify and resolve problems quickly and efficiently.

	ML Ops
	ML operations technician/engineer is responsible for the end-to-end life cycle of ML models from development to deployment to monitoring. They work with data scientists, software engineers and other stakeholders to ensure that ML models are deployed in production and used effectively. They design and implement ML pipelines, automate ML workflows and monitor ML models. 

	Prompt Engineer
	This role is less tech-heavy and more focused on writing prompts for chatbots. It requires strong communication skills and a good understanding of AI systems and Natural Language Processing (NLP).

	Data Engineer
	This role involves building pipelines that automatically collect, clean, and format data for analysis on a large scale. Skills required include SQL programming, and experience with data management frameworks like Apache Spark or Hadoop.

	NLP Engineer
	this role involves building tools and systems for parsing and processing text and language. Skills needed include a solid understanding of NLP, and proficiency in Python.

	AI Architect
	In this role, you would design, develop, and oversee the implementation of AI models. Even though this role involves some technical aspects, it also involves a significant amount of strategy and planning, including understanding the needs of the business, planning how to implement AI solutions to meet those needs, and overseeing the companies technical advancement in the AI field.

	Machine Learning Engineer
	This role involves teaching computers to make predictions based on data. Skills required include Python programming, the ability to use machine learning libraries like TensorFlow and Pandas, as well as strong data analysis and management skills.



Educational Supply
[bookmark: gap-analysis]Foothill College has selected TOP 0702.10 - Software Applications programs for this potential Artificial Intelligence Bachelor’s degree program. However, since no community college in California is currently approved to offer a Bachelor’s degree program in Artificial Intelligence under any TOP code, no community college awards data for TOP 0702.10 - Software Applications is provided in this report.
Four year colleges and universities in California who offer a Bachelor’s degree in Artificial Intelligence
There are three (3) four-year colleges in California with Bachelor’s degree programs in fields of study that potentially could overlap with Foothill College’s proposed Bachelor’s degree program in Artificial Intelligence: 
· The University of Southern California (USC) offers a Bachelor of Science degree program in Artificial Intelligence for Business, which is offered jointly by the Marshall School of Business and the Viterbi School of Engineering. 
· Stanford University offers a Bachelor’s degree in Computer Science - Artificial Intelligence Track.
· Golden Gate University offers a Bachelor of Science in Applied Machine Learning. 
Six (6) four-year colleges in California offer either a concentration or a certificate in Artificial Intelligence that potentially could overlap with Foothill College’s proposed Bachelor’s degree program in Artificial Intelligence: 
· Cal Poly, School of Engineering offers an Artificial Intelligence and Machine Learning Concentration.
· Stanford University offers a Bachelor’s degree in Symbolic Systems with a Concentration in Artificial Intelligence.
· San Francisco State University offers a Certificate in Data Science and Machine Learning for Biotechnology.
· The University of California at Berkeley offers an on-line certificate in Machine Learning and Artificial Intelligence. 
· The University of California at Davis offers a Bachelor’s degree in Statistics: Machine Learning Track.
· The University of California in Irvine offers a six-week online certification program in AI fundamentals through the Paul Merage School of Business.
Several four-year colleges in California offer bootcamps on Artificial Intelligence that potentially could overlap with Foothill College’s proposed Bachelor’s degree program in Artificial Intelligence: 
· The California Institute of Technology (Caltech) offers an online Artificial Intelligence and Machine Learning bootcamp that takes 24 weeks to complete.
· San Diego State University offers an online self-paced Artificial Intelligence/Machine Learning bootcamp.
· California State University in San Marcos offers a self-paced online Artificial Intelligence/Machine Learning bootcamp.
· The University of California in Santa Barbara offers an online Artificial Intelligence and Machine Learning bootcamp.
In addition, universities like San Francisco State University, UC Berkeley and UCLA offer undergraduate coursework, concentrations, or minors related to Artificial Intelligence/Machine Learning as part of their Computer Science, Statistics, or Engineering bachelor's degree programs.
Gap Analysis
Based on the data included in this report, it is difficult to determine how large the labor market gap is between the demand for Artificial Intelligence occupations and the supply of qualified graduates. 

There is ample evidence of the demand for Artificial Intelligence occupations. In the Bay region there are 1,395 annual openings for Data Scientists, which is the closest occupational title that aligns with Artificial Intelligence occupations, and has labor market data available from EDD. When searching for on-line job postings data, there are 45,675 job postings annually (most recent 12 month period) in the Bay region using the “Lightcast Sector” for Artificial Intelligence which crosses occupations and industries. Lightcast created this “Artificial Intelligence Sector” definition in collaboration with subject matter experts.

What is more challenging is identifying the number of qualified graduates annually receiving Bachelor’s degree awards in Artificial Intelligence, from four-year colleges and universities in the Bay region and California. A review of Integrated Postsecondary Education Data System (IPEDS) data through academic year 2021-22 shows only Master’s degree awards issued in California under CIP 11.0102 – Artificial Intelligence. 

It is likely that Artificial Intelligence Bachelor’s degree awards would be found under CIP 11.0701 – Computer Science, but further research would be needed to identify the specific number of awards from these programs. For example, Stanford University offers a Bachelor’s degree in Computer Science - Artificial Intelligence Track. Stanford awards 279 Computer Science Bachelor’s degrees on average annually (last 3 years ending 2021-23), however it is unknown how many of those Computer Science degrees are in the Artificial Intelligence Track without further research.

[bookmark: skills-certifications-and-education]Skills, Certifications and Education
Table 9. Top Skills for Artificial Intelligence Occupations in Bay Region based on Job Postings for latest 12 months (May 2023 - April 2024) - Bay Region
	Skill
	Postings
	Skill
	Postings

	Machine Learning
	24,003
	Problem Solving
	8,696

	Communication
	20,588
	Operations
	8,580

	Artificial Intelligence
	20,157
	Innovation
	8,196

	Python (Programming Language)
	18,621
	Data Science
	8,072

	Computer Science
	17,959
	SQL (Programming Language)
	7,655

	Research
	12,769
	C++ (Programming Language)
	7,644

	Leadership
	9,984
	Scalability
	7,548

	Software Engineering
	9,903
	Data Analysis
	7,419

	Algorithms
	8,777
	Software Development
	6,842

	Management
	8,770
	Writing
	6,139

	Source: Lightcast
Note: The “Lightcast Sector” for Artificial Intelligence was used to search for the top skills posted by employers related to artificial intelligence. Lightcast sectors are distinct parts of the labor market which cross occupations and industries. Lightcast created this Artificial Intelligence Sector definition in collaboration with subject matter experts.


Table 10. Certifications for Artificial Intelligence Occupations in Bay Region based on Job Postings for latest       12 months (May 2023 - April 2024) - Bay Region
	Certification
	Posting

	Master of Business Administration (MBA)
	1,593

	Security Clearance
	519

	Enterprise Desktop Administrator (Microsoft Certified IT Professional)
	430

	Project Management Professional Certification
	320

	Certified Information Systems Security Professional
	246

	Top Secret-Sensitive Compartmented Information (TS/SCI Clearance)
	223


Table 11. Education Requirements for Artificial Intelligence Occupations in Bay Region based on Job Postings     for latest 12 months (May 2023 - April 2024) - Bay Region
	Education Level
	Job Postings
	% of Total

	High school or GED
	663
	1%

	Associate degree
	739
	1%

	Bachelor's degree 
	23,731
	45%

	Master’s degree
	17,492
	33%

	Ph.D. or professional degree
	10,604
	20%

	Source: Lightcast

	Note: 30% of records have been excluded because they do not include a degree level. As a result, the chart above may not be representative of the full sample.
Note: The “Lightcast Sector” for Artificial Intelligence was used to search for the education requirements posted by employers related to artificial intelligence. Lightcast sectors are distinct parts of the labor market which cross occupations and industries. Lightcast created this Artificial Intelligence Sector definition in collaboration with subject matter experts.


[bookmark: methodology]Methodology
Occupations for this report were identified by use of job descriptions and skills listed in O*Net. Labor demand data is sourced from Lightcast occupation and job postings data. Educational supply and student outcomes data is retrieved from multiple sources, including CCCCO Data Mart and CTE Launchboard.
[bookmark: sources]Sources
O*Net Online
Lightcast
CTE LaunchBoard www.calpassplus.org
Launchboard
Statewide CTE Outcomes Survey
Employment Development Department Unemployment Insurance Dataset
Living Insight Center for Community Economic Development
Chancellor’s Office MIS system
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For more information, please contact:
· John Carrese, Research Manager, Bay Region Center of Excellence for Labor Market Research, jcarrese@ccsf.edu 
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