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Abstract  
Bioengineers have long served as a vital bridge between healthcare and technology, adapting 
innovations from interdisciplinary fields to advance patient care and medical solutions. One such 
emerging innovation is generative AI (GenAI) (e.g., large language models (LLMs)) [1] , a 
technology with significant potential to impact the biotechnology industry [2]. As artificial 
intelligence (AI) continues to reshape research and development in this field, it is imperative for 
biomedical engineering programs to equip students with AI competencies that align with 
evolving industry demands [3], [4]. 
 
To address this need, this work aims to survey leading biotechnology companies to identify the 
most essential AI tools, techniques, and skills currently employed or actively being taught to 
their employees, to gain insights on whether they can be integrated into the biomedical 
engineering curriculum. By gathering insights directly from industry professionals, the study 
seeks to bridge the gap between academic instruction and practical applications in key areas 
such as machine learning, data analysis, and AI-driven automation. The survey is designed to 
focus on AI tools currently used in biotechnology research while exploring the specific skills 
valued in future biomedical engineers. 
 
Additionally, this work explores the potential for leveraging biodigital twin systems, developed 
and provided by industry, as a means to close the gap between academic training and industry 
practices. Biodigital twins, which provide virtual representations of biological entities, can serve 
as a valuable resource for students [5]. By making the data from these systems accessible, 
students can train and apply AI or GenAI applications to analyze, simulate, and interpret 
biological processes, offering hands-on, simulation-based learning experiences aligned with 
real-world workflows [6]. 
 
The outcomes of this study will inform curriculum design, ensuring that graduates are 
well-prepared to navigate the rapidly evolving biotech landscape. By aligning educational 
programs with industry needs and exploring innovative tools like biodigital twins, this research 
contributes to shaping a forward-thinking approach to biomedical engineering education, 
preparing students for the next generation of AI-driven healthcare solutions and fostering 
innovation at the intersection of technology and medicine 
 
Motivation 
 
The integration of AI into biotechnology is driving significant changes in research and 
development. However, academic programs often lag in equipping students with practical AI 
skills, creating a mismatch between graduate competencies and employer expectations. As the 
demand for AI expertise continues to grow, it is imperative to revise curricula to prepare 
biomedical engineering students for AI-driven industry roles. This work seeks to address the 
following challenges: 
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1- Industry-Academia Gap: A disconnect exists between theoretical instruction and practical 
applications of AI and biodigital twin systems in the biotechnology field, limiting students' 
exposure to cutting-edge tools used in industry workflows. 
 
2- Competency Deficits: Graduates often lack experience with advanced AI tools, techniques, 
and biodigital twin systems, which are becoming essential for real-world problem-solving in 
areas such as simulation, data analysis, and predictive modeling. 
 
3- Emerging Trends: The rise of generative AI tools and the increasing exploration of biodigital 
twins introduce new opportunities for innovation, as well as ethical considerations, emphasizing 
the need for targeted education that incorporates these advancements into the curriculum. 
 
Methodology 
A survey was developed to gather insights from biotechnology professionals regarding the AI 
and generative AI (GenAI) tools and techniques they currently use or train their employees to 
utilize. The objective is to identify the most critical AI skills and tools required in the industry and 
assess whether there are gaps in the current biomedical engineering curriculum that need to be 
addressed. The survey design avoids directly soliciting advice from participants; instead, it 
focuses on understanding industry practices to infer actionable insights for curriculum 
improvement. 
 
The survey consists of the following key components: 
 
Demographic Information: 

-​ Participants are asked about their roles (e.g., research scientist, data scientist, product 
manager) and the size and focus areas of their organizations (e.g., drug development, 
diagnostics, medical devices). This information helps contextualize responses and 
ensures a diverse representation of perspectives. 

 
Current Use of AI and GenAI Tools: 

-​ Questions are designed to identify the AI and GenAI tools being actively used in 
biotechnology workflows, such as machine learning frameworks, generative design 
platforms, and data analysis tools. 

-​ Participants are also asked about the types of tasks or problems these tools address, 
including automation, synthetic data generation, biomedical imaging, and drug discovery. 

 
Employee Training and Skill Development: 

-​ The survey explores whether companies provide training for their employees on AI tools 
and, if so, the specific skills or techniques emphasized during this training. 

-​ Questions probe for insights into the level of proficiency expected from new hires versus 
what is developed through internal training in the workplace. Skills expected from recent 
graduates can be prioritized in curriculum design. 

 
Importance of AI Skills: 



 

-​ Participants rate the relevance of various foundational AI skills (e.g., programming, data 
analysis) and advanced GenAI skills (e.g., prompt engineering, fine-tuning models) to 
their organization's operations. 

-​ This helps identify which skills are considered critical, important, or supplementary. 
 
Barriers and Challenges: 

-​ Open-ended questions allow respondents to highlight any challenges they face in 
adopting AI tools or training employees. This includes identifying bottlenecks in 
implementation, skill gaps, or the need for ethical considerations and regulatory 
compliance. 

Biodigital Twin Adoption and Potential:​
Participants are asked about their familiarity with biodigital twins and whether their organization 
is actively exploring or implementing such models. Questions are designed to understand: 

-​ Current or Planned Applications of Biodigital Twins:​
How biodigital twins, enhanced by AI and GenAI technologies, are used or planned to be 
used in workflows such as virtual organ simulation, drug-device interaction testing, and 
personalized medicine. For example, the use of machine learning models for real-time 
physiological simulation or GenAI tools for generating synthetic biological datasets to 
improve twin accuracy. 

-​ Feasibility as a Training Tool:​
The potential of biodigital twins, integrated with AI and GenAI capabilities, to serve as a 
platform for training bioengineering students. This includes exploring how tools like 
AI-driven simulation frameworks and generative design algorithms can enhance the 
educational value of these models. 

-​ Benefits and Challenges for Education:​
The perceived advantages of developing AI-enhanced biodigital twin models for 
education, such as providing students with hands-on experience in simulation-based 
learning. Additionally, identifying challenges such as the cost of implementing AI and 
GenAI in twin models, intellectual property concerns, and the technical complexity of 
integrating these technologies into educational programs. 

-​ Data Sharing for Training:​
Participants are asked about their willingness to share data to support the creation of 
biodigital twin models for educational purposes. Questions focus on: 

●​ Types of Data:​
Which types of data they would feel comfortable sharing, such as anonymized 
patient data, preclinical testing data, synthetic datasets, or AI-generated model 
parameters. More specifically, several biomedical engineering companies have 
developed biodigital twin modules designed for training and education purposes 
[7] [8] [9]. 

●​ Data Protection Measures:​
The kinds of safeguards or agreements (e.g., data anonymization, non-disclosure 
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agreements) that would make them more inclined to share data for educational 
applications. 

●​ Collaborative Potential:​
Whether they would consider sharing AI or GenAI-enhanced data (e.g., simulated 
physiological datasets or generative models) with academic institutions and 
under what conditions this collaboration might occur.  

Data Collection and Analysis 

The survey is being distributed to professionals across a range of biotechnology companies, 
including startups, mid-sized organizations, and large corporations, to capture diverse industry 
perspectives. Specifically, the data is being collected from ~15 international and national 
companies with local branches with whom we have previous interactions and partnerships or 
active collaborations in student education and networking events. These companies are also 
part of our Industrial Advisory Board (IAB) and serve as advisors in our academic programs. 
Responses are collected through an online confidential survey platform to facilitate broad 
participation and standardize data collection. 

Quantitative responses will be analyzed using statistical methods to identify trends in tool 
usage, skill priorities, and training practices. Qualitative responses from open-ended questions 
will be thematically coded to uncover patterns and insights regarding industry expectations and 
challenges. 
 
The findings will be used to map existing educational offerings against the identified industry 
requirements. This comparison may highlight gaps in the current biomedical engineering 
curriculum, providing a basis for recommending specific updates to better align academic 
training with industry needs. 
 
By focusing on real-world applications and industry practices, this methodology ensures that the 
study captures actionable insights to inform the development of a forward-thinking, AI-integrated 
biomedical engineering curriculum. 
 
Conclusion 
This study aims to inform the gap between academic training and industry requirements in 
biomedical engineering by identifying critical AI and GenAI tools and skills used in the 
biotechnology sector. By surveying industry professionals about their current use of AI 
technologies and employee training practices, we seek to uncover actionable insights that can 
guide curriculum enhancements. 
 
The anticipated findings will provide a clearer understanding of the specific AI competencies 
valued by employers, from foundational programming and data analysis to advanced GenAI 
applications such as synthetic data generation and prompt engineering. Additionally, the study 



 

will highlight areas where new graduates may lack sufficient preparation, enabling educators to 
address these gaps through targeted curriculum updates. 
 
Aligning biomedical engineering education with industry advancements is essential to preparing 
students for the rapidly evolving biotech landscape. This research will contribute to the 
development of a workforce equipped with the AI skills necessary to excel in AI-driven 
healthcare and biotechnology. By fostering stronger connections between academia and 
industry, this work represents a critical step toward creating a more relevant and impactful 
biomedical engineering education. 
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