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Abstract

The rapid advancement of artificial intelligence (AI) has created a growing demand for highly skilled 
professionals capable of applying machine learning, deep learning, and large-scale AI systems in real-
world environments. However, concerns remain regarding the extent to which university AI curricula 
align with evolving industry requirements. This study investigates the alignment between academic AI 
programs and job market demands by analyzing course structures across multiple graduate programs 
and comparing them with industry-required skill sets derived from job postings. The findings reveal an 
uneven distribution of AI-related courses, with strong emphasis on foundational methods such as 
machine learning and deep learning, while emerging applied skills such as cloud deployment, generative 
AI, and system integration remain underrepresented. In particular, key industry technologies including 
PyTorch, TensorFlow, large language models (LLMs), retrieval-augmented generation (RAG), Docker, 
and Kubernetes are not consistently integrated across curricula. The results indicate a persistent gap 
between academic preparation and industry expectations, suggesting the need for more adaptive, 
practice-oriented, and industry-aligned curriculum design.

Keywords: artificial intelligence education, curriculum, skill gap, higher education, industry demand, AI 
competencies

Introduction 

The rapid evolution of artificial intelligence (AI) has reshaped workforce demands and placed increasing 
pressure on higher education to produce graduates equipped with relevant technical and practical skills.  
Current research suggests that traditional academic programs often lag behind industry needs, largely 
because curriculum revision cycles are slow and institutional constraints limit rapid adaptation to new 
technologies and practices (Schleiss et al., 2026; Vettori & Warm, 2025).

While specialized Master of Science in Artificial Intelligence (MSAI)  and similar programs are designed 
to bridge this gap, they still struggle to stay perfectly aligned with employer demands. Existing literature on 
AI curriculum design emphasizes the need for closer alignment between what universities teach and what 
industries require, recommending more interdisciplinary collaboration and the integration of practical,  
hands-on learning experiences (Chu & Ashraf, 2025; Zhong et al., 2025).
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This study investigates the alignment between academic AI programs and job market demands by 
analyzing course structures across multiple graduate programs and comparing them with industry-
required skill sets derived from job postings. The findings aim to provide insights to inform future 
academic curriculum improvements that can better prepare students for professional roles in the rapidly 
changing AI landscape.

Literature Review

The rapid rise of artificial intelligence across industries has created an urgent demand for a specialized AI 
workforce.  However,  a  persistent  disconnect  remains  between  academic  curricula  and  the  practical 
competencies required by the modern labor market.  Yaprak  (2025) found that while many AI-centric 
programs  prioritize  theoretical  frameworks,  such  as  governance  and  ethics,  industry  stakeholders 
increasingly favor candidates  with operational  proficiency in machine learning implementation,  cloud 
integration, and system deployment. This disconnect suggests that higher education often overlooks the 
technical  fluency  necessary  for  immediate  professional  application.  Furthermore,  the  lack  of 
interdisciplinary AI literacy leaves graduates ill-equipped to navigate the complex overlap of business, 
healthcare, and technology (Southworth et al., 2023; Vettori & Warm, 2025).

This educational misalignment has tangible consequences for workforce readiness. When curricula fail to 
mirror  industry  realities,  graduates  may  understand  the  "why"  of  AI  without  mastering  the  "how," 
particularly  regarding  the  integration  of  AI  solutions  into  existing  organizational  workflows.  Such 
deficiencies do more than limit individual career prospects; they stifle institutional innovation and slow 
the adoption of large-scale, data-driven applications (Chu & Ashraf, 2025; Zhong et al., 2025). The scale 
of this issue is reflected in recent public-sector data, in which 60% of IT professionals identified a lack of 
internal AI expertise as the primary obstacle to digital transformation (Salesforce, 2024).

Mitigating these skill gaps requires educational programs to align closely with evolving industry demands 
and to continuously adapt their curricula in response to labor market trends. Research shows that many 
existing programs lack sufficient practical exposure and access to industry-standard tools, highlighting the 
need for applied, hands-on learning experiences (Cheruiyot, 2025). Effective AI education should 
integrate foundational theory with real-world problem-solving, including exposure to deployment 
challenges and modern AI tools  (Akgun & Hosseini, 2025; Bardach & Murrah, 2026). Additionally, 
interdisciplinary approaches that  incorporate  ethical,  societal,  and regulatory considerations are 
essential  for preparing students to work across diverse domains (Amini et al., 2025; Silva, 2025). By 
combining these elements, educational programs can equip graduates with both technical expertise and 
the adaptability required to succeed in the rapidly evolving AI-driven workplaces (OECD, 2025).

Therefore, aligning academic program curricula with industry expectations is critical for building a 
workforce capable of supporting innovation in AI-intensive sectors such as finance, healthcare, 
manufacturing, and public services. It ensures that graduates are work-ready and also reduces talent 
shortages that hinder organizational adoption of AI technologies (Chu & Ashraf, 2025; Schleiss et al., 
2026; Vettori & Warm, 2025).

Methodology

This study employs a qualitative content analysis to examine the alignment between academic AI 
curricula and industry requirements. The research draws on two primary data sources: university program 
curricula and job market demand.
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Step 1: Curriculum and Job Description Collection and Categorization
 
To identify relevant academic curricula, a targeted search was conducted for "Master of Science in 
Artificial Intelligence" (MSAI) programs listed via U.S. News & World Report. The selection was 
restricted to accredited institutions offering graduate- level degrees specifically focused on artificial 
intelligence. Detailed course descriptions were subsequently extracted from official university catalogs and 
departmental websites to ensure data accuracy.
The final sample comprised 42 graduate programs, categorized by degree type: 28 Master of Science 
in Artificial Intelligence (MSAI), 10 Master of Applied Science in Artificial Intelligence (MASAI), 
and 4 Master of Science in Artificial Intelligence for Business (MSAIB).

The classification of these courses followed established taxonomies in the field, which typically organize 
AI education into foundational AI knowledge, machine learning methods, and application-
specific domains (Mukhamediev et al., 2022; Weichert & Eldardiry, 2026; Yang et al., 2023). 
Based on this framework, courses  were  organized  into  several  categories  to  facilitate  analysis. 
The  AI  Core category  included foundational courses introducing artificial  intelligence 
and knowledge representation.  The  AI Methods category  encompassed  technical  courses 
focused  on  machine learning  and  deep  learning,  while  AI Specializations covered domain-specific 
areas such as NLP and computer vision. Additional categories captured broader supporting 
domains: Ethics addressed responsible AI, fairness, and societal impact; Data covered courses in data 
processing, engineering, and analytics; and Algorithms focused on computational theory, optimization, 
and algorithm design.

In parallel with the academic analysis, industry demand was assessed by collecting 58 "AI Engineer" job 
postings from LinkedIn and Indeed.  This dataset  provided a cross-sectoral  view of the labor 
market, including 6 government roles, 3 non-profit positions, 5 government-contractor roles, and 34 
commercial-sector positions.

Step 2: AI-Assisted Data Structuring
 
GPT- 5.3 was used to process course and job descriptions and extract structured information from 
unstructured text. The extraction process normalized terminology, removed duplicates, preserved the 
order of records, and captured explicitly stated or strongly implied information.
For course descriptions, the extracted fields included key topics, skills developed, tools and 
methods, focus areas, and application domains. For job postings, the extracted fields included sector, 
organization, job title, location, clearance and citizenship requirements, experience and education 
levels, technologies and skills, core responsibilities, and salary range. This structured extraction 
enabled consistent comparison across datasets.

To ensure the accuracy of the AI-assisted extraction, all structured outputs were manually verified against 
their respective source texts. Specifically, for every course description and job posting, the lead researcher 
cross-referenced  each  extracted  field  with  the  original  unstructured  text  to  identify  and  correct 
any extraction errors or omissions. Any discrepancies detected during this process were corrected 
prior to analysis.

Step 3: Skill Extraction and Alignment Analysis

The skill analysis was conducted in Python, using the Pandas library as the primary tool for data 
manipulation and analysis. The analytical framework focused on identifying the prevalence of specific 
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competencies in both datasets to determine whether academic program outcomes align with or diverge 
from market demand. 

The process begins by extracting commonly known AI skill sets from both job postings and course 
descriptions. Each job and course entry is parsed to identify relevant technical skills, which are stored in a 
structured format as sets to ensure uniqueness and eliminate duplicates within individual records.

Once extraction is completed, all job-related competencies are aggregated into a single consolidated list, 
and the same procedure is applied to course-related competencies. These aggregated lists represent the 
overall occurrence of each skill across the job market and curriculum datasets. To quantify the 
distribution of skills, a frequency-based counting method is applied using a counting function, which 
calculates how many times each skill appears in jobs and courses, respectively.

After calculating the frequency distributions, a combined set of all skills from both datasets is created by 
merging unique skills from jobs and courses. This ensures that every skill appearing in either dataset 
is included in the analysis. For each skill in this combined set, three main values are computed: the 
number of job postings containing the skill, the number of courses that include it, and a coverage 
ratio. The coverage ratio measures how well courses cover job demand and is calculated by dividing the 
number of course occurrences by the number of job occurrences for each skill, where applicable.

Results

The analysis of the collected university curricula reveals an uneven distribution of courses across key AI 
knowledge areas. AI Methods is the dominant category, with 48 courses, followed by 32 AI Core, 21 AI 
Specialization, and 16 Ethics-related courses. This distribution suggests that academic programs place 
strong emphasis on technical implementation skills, particularly machine learning and deep learning, 
which form the foundation of modern AI systems. AI Core courses, while fewer than AI Methods, are 
consistently offered across institutions and ensure coverage of fundamental concepts. In contrast, the 
relatively small number of AI Specialization courses suggests that domain-specific areas such as NLP and 
computer vision are less uniformly emphasized and vary more across institutions.

The thematic orientation of these programs is also significantly influenced by their host academic units. 
Programs housed in computer science or engineering colleges tend to emphasize AI Methods, while those 
programs housed in science colleges place greater focus on data-related topics. In contrast, programs 
offered in business schools place greater emphasis on applied AI courses, which are typically categorized 
under AI Specializations.

Ethics remains the least represented domain. Although some universities include dedicated courses on AI 
ethics, fairness, and societal impact, the topics are not yet consistently integrated at the same level as 
technical subjects. Many programs also include research opportunities or capstone projects that bridge 
theory and practice through real-world application. Ultimately, these results highlight a curriculum 
landscape that is robust in technical foundations but requires further development in interdisciplinary 
ethics and domain-specific specializations to achieve a more holistic educational model.

Table 1 details a representative subset of the degree programs examined in this study: one 
MSAIB program, two MASAI programs, and four MSAI programs. This selection illustrates the 
divergent pedagogical strategies employed across the spectrum of business-centric, applied, and 
foundational AI 
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education. The table highlights the institutional variation in how theoretical rigor is balanced against 
practical application and domain specialization.
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Table 1. Example of Distribution of AI Curriculum Courses Across Core Knowledge Areas

University 
Name

Program AI Core AI Methods AI Specializations Ethics Data Algorithms Research 
Opportunity

Boston 
University

MSAI Artificial 
Intelligence

Principles of Machine 
Learning

Introduction to Natural 
Language Processing

Yes

DePaul 
University

MSAI Artificial 
Intelligence I, 

Artificial 
Intelligence II

Applied Deep 
Learning

Machine Learning I 
Machine Learning II

Natural Language 
Processing 

Image and Video 
Computing

Yes

Iowa State MSAI Principles of 
AI

Machine Learning Design and 
Analysis of 
Algorithms

Yes

Pennsylvania 
State

MSAI Foundations 
of Artificial 
Intelligence

Deep Learning Machine Vision 

Natural Language 
Processing

Ethics of Artificial 
Intelligence

Yes

University of 
San Diego

M.A.S. AI Machine Learning 

Neural Networks and 
Deep Learning 

Machine Learning 
Operations

Applied Computer 
Vision for AI

Natural Language 
Processing and GenAI

Applied AI Ethics Capstone

Utah Valley M.A.S. AI Foundations 
of Applied 
Artificial 
Intelligence

Machine Learning Artificial Intelligence 
in Business

Strategic 
Implementation of AI 
Systems.

Ethical Legal and 
Social Implications 
of Artificial 
Intelligence

Data Driven 
Decision Making

Capstone

University of 
Arizona

MS AIB Introduction to Deep 
Learning

Generative AI for 
Business

Policy and Ethics 
of AI for Business

Big Data 
Technologies

Data Mining and 
Machine 
Learning

N/A
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The combined quantitative and visual analyses suggest varying levels of alignment between academic AI 
curricula and current industry demand. While programs provide solid foundations in core technical skills, 
emerging  areas  such  as  cloud  infrastructure,  deployment  frameworks,  and  end-to-end  generative 
AI workflows appear to be developing within curricula at a pace that may differ from industry adoption. 
This pattern is illustrated in Figure 1, where blue represents skills driven by job demand and orange 
reflects those covered in program curricula.

Figure 1. Top 15 Skills: Jobs vs. Courses

Python remains the primary pillar of academic instruction, appearing in 151 related courses. While its 
presence in job postings (26 listings) is lower in number, this disparity confirms Python’s status as the 
universal baseline for technical education. Infrastructure and  cloud computing technologies, including 
AWS, Azure, Google Cloud Platform (GCP), Kubernetes, and Docker, show consistent employer demand 
alongside growing academic coverage. Deep learning frameworks, including PyTorch and TensorFlow, 
also have a strong presence in course offerings, underscoring their importance in modern machine learning 
education.

Emerging AI-related competencies, including LLMs, RAG, NLP, LangChain, and Hugging Face, appear 
more frequently in job postings than in academic courses, indicating that industry needs are evolving faster 
than curriculum development in these areas. Machine learning operations (MLOps) and data platform 
technologies,  including  Databricks  and  MLflow,  also  show  clear  industry  interest  despite  minimal 
appearance in academic curricula. This suggests that these specialized skills are often developed through 
professional training, certifications, or project-based experience rather than standalone coursework (OECD, 
2025; World Economic Forum, 2023).

Additional evidence from the scatter plot in Figure 2 further highlights these discrepancies.  The plot 
illustrates the relationship between employer demand and curricular coverage, with the horizontal axis 
representing curriculum supply and the vertical axis representing job demand. The dashed diagonal line 
indicates near 1:1 alignment between industry needs and curricular coverage. Competencies positioned 
above the line appear more frequently in job postings than in course descriptions, whereas competencies  
below the line are covered more extensively in curricula than they appear in job postings. The visual 
encoding further clarifies these patterns: bubble size indicates job volume, while color represents the 
coverage ratio.
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In the upper-left quadrant, skills in RAG, AWS, Azure, LLM, and Kubernetes show high job demand.  
However, the number of courses covering these topics is limited, indicating that these rapidly evolving 
areas are still in the early stages of integration into academic curricula. 

In contrast, the lower-right quadrant is occupied by deep learning, which appears in a large number of 
courses (around 23). Similarly, topics such as computer vision and NLP also show a strong academic 
presence. Together with machine learning, they represent the core building blocks of AI education. 

Near  the  center  of  the  plot,  PyTorch was  mentioned in  13 course  descriptions  and 14 job postings,  
representing  a  match  between curricula  coverage  and  industry  demand.  Python  was  a  strong outlier 
(appearing in 151 courses and 26 job mentions) and was excluded from this visualization to better reveal 
broader patterns.

Discussion

One of the issues identified in this study is the disconnect between industry job requirements and the 
competencies emphasized by the academic programs. While degree programs provide a rigorous 
foundation in programming, machine learning principles, and core AI theory, they often fall short in 
delivering the production-oriented skills and emerging toolsets that industry tends to prioritize (LinkedIn 
News, 2026; World Economic Forum, 2023).

Figure 2. Market Demand vs. Curriculum Supply (Excluding Python Outlier)
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Rather than signaling a failure in curriculum design, this misalignment points to a fundamental structural 
challenge. The field of artificial intelligence evolves rapidly, with new technologies, frameworks, and 
best practices emerging continuously (Mukhamediev et al., 2022; Vettori & Warm, 2025). In contrast, 
university curricula typically follow longer update cycles that involve formal review and approval 
processes, accreditation considerations, and resource constraints. As a result, there is an inherent lag 
between the emergence of industry demands and their integration into academic programs. Consequently, 
even well-designed curricula may struggle to keep pace with the dynamic needs of the AI job market.

To address this challenge, universities should strengthen collaboration and communication with industry 
stakeholders. Regular consultation with employers, industry advisory boards, and technical experts can 
provide timely insights into evolving skill requirements. Incorporating feedback loops into curriculum 
design, along with expanding partnerships for internships, co-op programs, and industry-sponsored 
projects, can help bridge the gap between theory and practice (Cheruiyot, 2025). Additionally, 
integrating modular and flexible course components could improve responsiveness to industry changes. 
Workshops, labs, and project-based learning focused on current tools would allow programs to adapt 
more quickly without requiring full curriculum overhauls (Chu & Ashraf, 2025).

Suggestions for Curriculum Improvement

Industry Certifications and External Skill Development

While the degree programs provide a solid foundation in artificial intelligence and related areas, students 
seeking more specialized or industry-specific skills may benefit from pursuing additional professional 
certifications, such as AWS Certified Cloud Practitioner or Google Cloud Digital Leader, which offer 
accessible introductions to cloud computing and AI infrastructure. However, research also suggests that 
relying solely on external certifications is insufficient, and universities should embed similar practical 
competencies directly into formal curricula to ensure equitable access to applied skills (Amini et al., 
2025; Vettori & Warm, 2025).
Curriculum Alignment with Industry Demands

At the program level, curriculum design should place greater emphasis on aligning course content with 
current industry demands. Although foundational theories remain essential, a better balance between 
theoretical depth and practical application is needed (Weichert & Eldardiry, 2026). Studies highlight that 
many AI programs remain overly theory-driven, while industry increasingly requires competencies in 
deployment pipelines, generative AI systems, and full-stack machine learning workflows (Akgun & 
Hosseini, 2025; Bardach & Murrah, 2026). Incorporating emerging technologies, tools, and frameworks 
commonly used in industry would help ensure that graduates are better prepared for evolving workforce 
expectations. 
Data-Driven Curriculum Development

A data-driven curriculum design approach can also improve alignment between education and job market 
needs. Chu & Ashraf (2025) emphasize that AI curriculum development should be continuously 
informed by skills analytics and job market data rather than by static course structures. Similarly, 
Schleiss et al. (2026) argue that interdisciplinary curriculum frameworks that combine engineering, data 
science, and applied AI are essential for preparing future practitioners to handle complex real-world 
systems.
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Experiential Learning and Hands-on Training

Universities should strengthen the integration of industry collaboration and experiential learning to better 
prepare students for the evolving demands of the workforce. Both OECD (2025) and Salesforce (2024) 
report persistent AI skill shortages, particularly in applied domains such as cloud computing, machine 
learning engineering, and AI system deployment. To address this gap, universities should expand 
partnerships with industry stakeholders through internships, co-op programs, and industry-sponsored 
capstone projects. These approaches are widely supported as effective mechanisms for bridging the 
academic-industry divide (Cheruiyot, 2025; Southworth et al., 2023).
Furthermore, the curriculum should prioritize laboratory-intensive and project-based learning to ensure 
that technical skills are forged through practice. Practical experience is not merely a supplement to 
theory; it is the primary mechanism through which students navigate the complexities of coding, model 
training, and the fine-tuning of large language models. By engaging with frameworks like PyTorch and 
exploring generative modeling workflows, students confront the same technical hurdles they will 
eventually face in a professional capacity. Embedding these hands-on challenges throughout the degree 
program cultivates the problem-solving skills and technical competence that employers prioritize, 
ensuring that graduates are prepared to compete in an increasingly sophisticated job market.

Curriculum Structuring and Academic Planning

Finally, given the relatively short duration of most master’s programs, students often face limitations in 
exploring all areas of interest. Clearly structured curricula with well-defined progression and 
specialization tracks can help students make more informed course selections. Providing transparent 
learning pathways enables students to maximize their educational outcomes within a limited timeframe 
while aligning their studies with specific career goals.

Conclusion

This study examined the alignment between master-level AI curricula and industry skill demands, 
focusing on course distribution and the coverage of key technical competencies. The findings indicate 
that while academic programs provide strong foundational training in AI methods and core theoretical 
concepts, there is a notable gap in applied and industry-relevant skills. In particular, emerging 
technologies such as cloud-based AI deployment, generative AI systems, and end-to-end machine 
learning pipelines are not consistently represented across curricula.

These results suggest that the current AI education structure, while academically robust, does not fully 
reflect the rapidly evolving requirements of the AI job market. Addressing this gap requires stronger 
integration of practical learning experiences, closer collaboration with industry stakeholders, and a more 
flexible curriculum design that can adapt to emerging technologies. Enhancing experiential learning 
opportunities, such as labs, capstone projects, and industry partnerships, can further improve students’ 
readiness for real-world AI applications.

Limitations

While this study provides a comprehensive overview of AI curricula, its findings should be considered in 
light of a few methodological constraints. First of all, the extraction of skills and competencies, for 
instance, relied on keywords derived from official course descriptions. Because these summaries are 
often concise, they may not fully reflect the true depth of instruction, the complexity of hands-on 
activities, or 
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the supplementary materials integrated into the classroom experience (Schleiss et al., 2026). Secondly, 
the analysis focused primarily on core course data to establish a baseline for curriculum coverage. 
Although many programs offer a broad spectrum of electives, due to the programs' limited total credit 
hours, students have a limited selection of electives to choose from before completing their program of 
study. Further analysis of these elective courses is needed to investigate how well they meet industry 
demand. Lastly, the data collection is limited to “AI engineering” job postings sourced exclusively from 
LinkedIn and Indeed, which may not fully reflect industry demand.

Despite these limitations, this study provides a useful high-level assessment of curriculum alignment 
and highlights key areas where academic programs can evolve to better prepare students for the rapidly 
changing AI job market.
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