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Presenter Notes
Presentation Notes
We will welcome the attendees, introduce the title, the authors, and the institution.



• Need for innovation in 
graduate STEM education

• Personalized Learning Model
• Developing the Body of 

Knowledge
• Concept Mapping of Learning 

Objectives
• Modularization of Core Courses

• The New Curriculum
• Implications and Takeaways
• Next steps

Overview

https://pittnews.com/article/159247/top-stories/swanson-engineers-a-path-for-fall-semester/#modal-photo

Presenter Notes
Presentation Notes
Today’s presentation focuses on the future of graduate STEM education and how we can evolve our teaching methods to better serve our students in an increasingly dynamic world. We will use this flow for discussing our project and work today :Need for Innovation in Graduate STEM Education: We’ll begin by introducing the growing demand for innovative approaches that address the limitations of traditional graduate STEM education models and the urgency to align with the evolving needs of the field.Personalized Learning Model: From there, we’ll explore how personalized learning models can offer more tailored educational experiences, allowing students to learn at their own pace and focus on areas most relevant to their career goals.To build our personalized learning model, we needed to develop a Body of Knowledge by concept mapping of learning objectives and using these learning objectives and our advisory committees experiences to inform the modularization of core Chemical Engineering courses.Modularization of Core Courses: We’ll discuss the potential of modularizing core courses, enabling flexibility and adaptability in the curriculum while still ensuring mastery of fundamental topics.The New Curriculum: With those elements in place, we’ll outline what a reimagined curriculum could look like, integrating these concepts into a more holistic and effective educational structure.Implications and Takeaways: We’ll then explore the broader implications of these changes on students, educators, and institutions, and highlight key takeaways.Next Steps: Finally, we’ll conclude by laying out the next steps for moving forward with these ideas and turning them into actionable plans for change.



• Current graduate STEM education does not fully address the 
diverse needs of graduate students, especially at a time when 
cultivating diverse talent is crucial.

• Primarily designed to produce research results and publications
• Essential skills like communication, teamwork in diverse settings, mentoring, 

networking, and leadership are needed in the workforce

• To remain relevant in the evolving landscape of science, 
engineering, and society, graduate STEM education requires 
significant cultural transformation.

Need for Innovation in Graduate 
Education and STEM Training

National Academies of Sciences, Engineering, and Medicine. 2018. Graduate STEM Education for the 
21st Century. Washington, DC: The National Academies Press. https://doi.org/10.17226/25038.

Presenter Notes
Presentation Notes
The current graduate educational structure supports the success of a limited number of students- those who happen to have access to the prior requisite knowledge, understanding of how academia works, and alignment with academia as a career goal. This inflexible arrangement creates artificial barriers at many points in graduate training - admissions, coursework, research, degree completion, and post-graduate career selection. We need more STEM engagement and greater diversity in STEM. Yet, graduate programs require students to make their own meaning and find utility from our training programs despite the inflexible, narrow structures instead of incorporating flexibility in programs to support success for students from diverse backgrounds, experiences, and careers while maintaining learning and rigor in our field.Many programs view focus on research as the primary outcome. This leads to the honing of a small subset of skills to the detriment of other essential skills that are necessary for success in a wide variety of occupations. While individual programs or groups may provide additional professional development to support student learning these "soft skills," this leaves many students without guidance, support, and even the time to pursue learning gains in these areas. This one-size-fits-all approach reinforces a direct match between graduate school's and academia's incentives. This leaves out opportunities for learning and growth in areas that are essential not only in academia, but in other career paths, like industry, entrepreneurship, government, etc. Additionally, by disregarding these skills and by continuing to perpetuate a more rigid curriculum and requirements, we are not adequately preparing our graduates for success in the modern, ever-changing STEM work environment. Overall, the current graduate educational structure supports the success of a limited number of students- those who happen to have access to the prior requisite knowledge, understanding of how academia works, and alignment with academia as a career goal. This inflexible arrangement creates artificial barriers at many points in graduate training - admissions, coursework, research, degree completion, and post-graduate career selection. We need more STEM engagement and greater diversity in STEM. Yet, graduate programs require students to make their own meaning and find utility from our training programs despite the inflexible, narrow structures instead of incorporating flexibility in programs to support success for students from diverse backgrounds, experiences, and careers while maintaining learning and rigor in our field.These are not just our observations and experiences. Each of these findings have been stated in this National Academies and other reports. These reports strongly recommend that STEM graduate education needs to undergo a "significant cultural change" in order to stay current for addressing a changing set of student and future career needs.



• Our research project explores the impact of 
Personalized Learning Models (PLM) on the 
development and training of CHE graduate students.

• Customized Learning Paths
• Individual Development Paths
• Modular Coursework
• Student-Centered Approach
• Continuous Assessment and Feedback 

Need for Innovation in Graduate 
Education and STEM Training

Presenter Notes
Presentation Notes
Our research project investigates how a Personalized Learning Model (PLM) can enhance the development and training of Chemical Engineering graduate students. Let’s look at the key components that define our approach:Customized Learning Paths: We design tailored learning journeys that align with students' academic goals, career goals, and research interests, allowing them to focus on areas most relevant to their future careers.Individual Development Plans: Each student creates and updates a personalized roadmap that outlines their skill development, research milestones, and career objectives, ensuring their education is directly aligned with their aspirations.Modular Coursework: By breaking down traditional courses into smaller, flexible modules, students can select and prioritize content that best supports their individual learning needs, allowing for greater adaptability.Student-Centered Approach: This model puts students in the driver’s seat, giving them more control over their learning pace, topics of focus, and the overall direction of their education.Continuous Assessment and Feedback: Regular, real-time feedback loops provide students with actionable insights, allowing them to continuously improve and adjust their learning strategies as they progress.By integrating these elements, our model should create a more dynamic, flexible, and effective learning environment that adapts to the unique needs of each graduate student.Today's talk will focus primarily on how we modularized core coursework based on the building and use of our Chemical Engineering Body of Knowledge. We have worked on all of these components, and we are focusing on only one of them today.



• Goal 1:  
• Create a personalized learning model (PLM) for 

graduate STEM education that is inclusive and 
incorporates professional training

• Goal 2:  
• Generate the knowledge and examine the 

potential to extend the PLM from one STEM 
context to another

Overall Research Goals

Presenter Notes
Presentation Notes
Our research project is driven by two primary goals that aim to reshape the landscape of graduate STEM education by starting in one Chemical Engineering Department. Goal 1: Our first goal is to create a personalized learning model (PLM) for graduate STEM education. This model is designed to be inclusive, ensuring it meets the diverse needs of all students, while also incorporating professional training that prepares them for the demands of their future careers.Goal 2: Our second goal is to generate knowledge about the effectiveness of this model and explore the potential for extending the PLM from one STEM field to another. By understanding how it can be adapted across disciplines, we aim to create a more versatile educational framework.Today, our focus will be on sharing a part of our efforts towards Goal 1—developing a personalized learning model that not only enhances the academic experience but also provides professional skills training in a way that is tailored to each student’s unique journey. We’ll dive into how this model is designed and the innovative approaches we’re taking to make it both inclusive and impactful.





• IDPs are a student-centered tool for academic and career 
development planning. (Instructional Goals)

• Increased choice in courses and professional development 
stream activities respects diverse interests and career paths. 
(Task Environment)

• Scaffolding of instruction supports students who have 
different starting points in their academic preparation, 
background, and experience. 

• Graduate student feedback is collected and utilized to 
support the program in the assessment, reflection, and 
evaluation.

Diversity, Inclusivity, and our PLM



Body of Knowledge 

Presenter Notes
Presentation Notes
In order to ensure the newly designed curriculum would meet the needs of students who will move on to both academic and industry jobs, we needed to take a critical look at the past curriculum from these perspectives. Therefore, we collected subject matter experts in the field of Chemical Engineering who work in various roles to create the body of knowledge.



Role on the NSF IGE grant

Type of organization

Job focus

Disciplinary background

Terminal degree

Demographic Data – Subject Matter Experts

Presenter Notes
Presentation Notes
Our subject matter experts come from diverse backgrounds, which is essential for our Body of Knowledge to be broad enough to support students as they transition to a variety of careers post-graduation. Our SMEs were recruited from the grant’s Junior Advisory Board, the Technical Advisory Board, Faculty members, the Educational Advisory Board, and alumni of the program. The subject matter experts were approximately half from academia and industry, with a few individuals from government and non-government organizations.  Most had a chemical engineering background, with a few with chemistry or other engineering backgrounds. The subject matter experts also hold a variety of roles in their jobs, including research and development, operations, administration, and client service. Lastly, approximately have earned Ph.D.’s, with approximately a quarter each either earned a Master’s degree or a Bachelor’s Degree.



Body of Knowledge Process  
• Collected and refined learning objectives (LOs) for five 

graduate chemical engineering courses covering six topics: 
• Thermodynamics, Kinetics and Reactor Design, Transport 

Phenomena, Mathematical Methods, Ethics, and Safety

• These updated LOs were inputted into GroupWisdom . 

• Our subject matter experts (SMEs) read through the 
LOs and individually added LOs in the brainstorming phase.

Presenter Notes
Presentation Notes
To begin creating our graduate Chemical engineering Body of Knowledge, we started by collecting and refining the learning objectives (LOs) for five graduate chemical engineering courses covering six topics: Thermodynamics, Kinetics and Reactor Design, Transport Phenomena, Mathematical Methods, Ethics, and Safety.These updated LOs were inputted into GroupWisdom™️, a concept mapping program. Our subject matter experts (SMEs) read through all of the LOs and individually added LOs in the brainstorming phase.



Presenter Notes
Presentation Notes
This is a screenshot of the GroupWisdomTM software during the Brainstorning Phase. On the right, the SMEs can read through the list of Learning Objectives, which have a Tag that shared which topic the learning objectives pertain to. On the left, SMEs can type and submit additional learning objectives.



Body of Knowledge Process  
• Collected and refined learning objectives (LOs) for five 

graduate chemical engineering courses covering six topics: 
• Thermodynamics, Kinetics and Reactor Design, Transport 

Phenomena, Mathematical Methods, Ethics, and Safety

• These updated LOs were inputted into GroupWisdom . 

• Our subject matter experts (SMEs) read through the 
LOs and individually added LOs in the brainstorming phase.

Most added LOs were non-curricular skills or specialized 
topics.

Presenter Notes
Presentation Notes
123 new learning objectives were added during the brainstorming phase. Nearly all of the added learning objectives were non-curricular skills or specialized topics. We wanted to create the Body of Knowledge to collect chemical engineering knowledge objectives needed for courses. We set aside these learning objectives temporarily for the remaining concept mapping activities. We are currently working to streamline these additional learning objectives for additional concept mapping and sorting so that they can be effectively incorporated into the curriculum.



Body of Knowledge Process  
• The SMEs individually grouped the curricular LOs for 

these six topics into different categories: undergraduate, 
graduate, specialized, and unknown.

Presenter Notes
Presentation Notes
The Subject Matter Experts were then asked to group the 96 Chemical Engineering learning objectives than spanned our 6 topics into different categories: undergraduate, graduate, specialized, and unknown. The undergraduate category should include learning objectives that should be covered in undergraduate courses, indicating topics that may be best reviewed in a first or earlier 1 credit-hour block. The graduate category should include learning objectives that should be a core part of graduate courses, indicating topics that may be best taught in a second or third 1 credit-hour block. The specialized category should include learning objectives that may be relevant for some research interests and industry areas, but are not necessarily expected for all graduate chemical engineering graduate degree candidates. And lastly, if the Subject Matter Expert was unfamiliar with any learning objectives or unsure where they should be placed, then those were placed in the unknown group.



Presenter Notes
Presentation Notes
This is a screenshot of the GroupWisdomTM software during the Sorting Phase. On the left, the SMEs can click on each of the Learning Objectives and drag them into columns on the right for sorting into the categories.



Body of Knowledge Process  
• The SMEs individually grouped the curricular LOs for 

these six topics into three levels: undergraduate, 
graduate, specialized, and unknown.

• The SMEs then individually rated the importance of each 
LO based on their own experiences within their 
career/jobs.

Presenter Notes
Presentation Notes
In the last phase, the subject matter experts individually rated the importance of each learning objective based on their own experiences within their career/jobs using GroupWisdom™️.



Presenter Notes
Presentation Notes
This is a screenshot of the GroupWisdomTM software during the Rating Phase. SMEs can click on the importance rating from 1 to 5 on a Likert scale for each of the Learning Objectives.



Body of Knowledge Process  
• The SMEs individually grouped the curricular LOs for 

these six topics into three levels: undergraduate, 
graduate, specialized, and unknown.

• The SMEs then individually rated the importance of each 
LO based on their own experiences within their 
career/jobs.

 The researchers then analyzed grouping similarities 
between all SMEs.

Presenter Notes
Presentation Notes
The researchers then analyzed grouping similarities and averaged the ratings between all subject matter experts to help provide guidance on critically important learning objectives for the Body of Knowledge.



Analysis 

Kane, M. & W. Trochim, Concept Mapping for Planning and Evaluation, page 91

Similarity Matrix

Frequency of how many 
times LOs were sorted 
together

Presenter Notes
Presentation Notes
GroupWisdomTM uses a similarity matrix to measure the frequency of similar categorization choices of the learning objectives by our subject matter experts. It essentially measures how many times learning objectives were sorted together, in the same categories, across the subject matter experts who completed the GroupWisdomTM concept mapping.



Analysis 
Multidimensional scaling

Outcomes frequently sorted closer 
together are plotted together, and 
outcomes frequently sorted 
differently are plotted further from 
each other.

Result is an X, Y map of the points

Stress value (akin to reliability) is low 
indicating that the similarity matrix is 
well represented in two dimensions. 

Presenter Notes
Presentation Notes
This frequency was further analyzed using Multidimensional scaling (MDS) with Principal Coordinates Analysis. Multidimensional scaling (MDS) with Principal Coordinates Analysis is a method used for visualizing the similarity or dissimilarity of data points. This approach involves converting a matrix of dissimilarities (in our case, dissimilarity of categorization) between each learning objective into a coordinate system that can be visualized on a plot.Each dot/circle on the plot to the right represents one learning objective. Dots that are close together in the xy coordinate system were categorized most similarly. Dots that are far apart in the xy coordinate system were categorized the least similarly (i.e. in different bins). The stress value is a goodness-of-fit measure that quantifies the difference between the distances in the reduced-dimensional space (as visualized by MDS) and the actual distances in the original data. The Stress Value tells you how much distortion is introduced when reducing the dimensionality. For our data, the stress value was 0.2609. Traditionally, a stress value between 0.1 to 0.2 would be considered a “fair” fit of the data.Our data included 96 points (or learning objectives). With so many points, having a Stress Value between 0.2 and 0.3 is an acceptable fit for larger datasets.



Analysis 
Hierarchical Cluster Analysis

Groups outcomes on the point map 
into clusters that aggregate to reflect 
similar concepts

Takes the XY coordinate matrix and 
produces a tree structure of all 
cluster solutions from one giant 
cluster to multiple clusters that don’t 
overlap.

Kane, M. & W. Trochim, Concept Mapping for Planning and Evaluation, 
page 100

Presenter Notes
Presentation Notes
This data was further analyzed using Hierarchical Cluster Analysis. A Hierarchical Cluster Analysis is a method used to group data points(learning objectives) into clusters based on their similarity. Hierarchical Cluster Analysis is particularly useful when you want to understand the relationships within your data. We used this analysis to look at the relationships between learning objectives to see how they could be grouped based on the concept mapping by our subject matter experts.We used Ward's Method to create our clusters. Ward’s Method aims to minimize the total within-cluster variance. When deciding which clusters to merge, Ward's method chooses the pair of clusters that will result in the smallest increase in the total variance within all clusters. It works well with our data set of a xy map of points and the distances between points. Initially, many clusters are created, and at each stage of merging, the algorithm minimizes the sum of squares of the distances between all learning outcomes in any two hypothetical clusters that could potentially join up.



Final 
Cluster 
Solution

Analysis 

Presenter Notes
Presentation Notes
The Hierarchical Cluster Analysis started with 15 clusters, and then we looked at each of the merge steps until we were left with 6 clusters of learning objectives: dark red an “Undergraduate” cluster,dark green an “Undergraduate Thermodynamics” clusterorange a “Unsure” clustergrey “Graduate” clusterbrown “Math/Stats and Specialization” clusterlime/light green “Safety” cluster



How do we get from the cluster solution 
to learning objectives for undergraduate, 

graduate, and specialized modules?

Presenter Notes
Presentation Notes
How do we get from the cluster solution to learning objectives for undergraduate, graduate, and specialized modules?



Organized Clusters by 
Module Level (e.g., 

Undergrad)

Conducted a Second 
Organization 

According to Course 
(e.g., Transport)

Sorted Learning 
Objectives Within 

Each Level According 
to Their Averaged 
Rated Importance

Presenter Notes
Presentation Notes
We used the organized clusters to place each learning objective into levels such as undergraduate, graduate, specialized, and unsure.Then, these learning objectives were sorted based on their topic/course.Last, the importance ratings for each learning objective was used to color code and list the learning objectives from most important to least important.



72

Thermo:  Calculate changes in thermodynamic 
properties using the first and second laws of 
thermodynamics in conjunction with equations of state 
or departure functions

71
Thermo:  Calculate chemical compositions in reaction 
equilibria involving multiple independent reactions in 
nonideal systems 

64
Thermo:  Create computer codes in Python or a similar 
language to solve problems such as computing changes 
in thermodynamic properties, phase equilibria, etc.

68
Thermo:  Calculate thermodynamic properties of ideal 
gas polyatomic molecules using statistical mechanics

33

Thermo: Read quantitatively and interpret two-and 
three-species phase diagrams in mixtures involves 
solids, liquids, gases, compounds/alloys, and critical 
phenomena

29
Thermo: Calculate electrolyte equilibrium, e.g. acid base 
equilibrium, partioning of ions between phases, charge 
distribution near surfaces

58
Thermo:  Solve the Schrodinger equation and calculate 
the eigenfunctions for the following model systems: 
particle-in-a-box, harmonic oscillator, and rigid rotor

31

Thermo: Analyze basics of interfacial thermodynamics 
(e.g. adsorption equilibrium, Gibbs dividing surface, 
interfacial excess, Gibbs Thompson equation) and self 
assembly (e.g. micellar equilibrium)

69
Thermo:  Calculate pure fluid and mixture phase 
equilibria

61
Thermo:  Describe how intermolecular potentials give 
rise to non-ideal fluid and solid behavior

16

Thermo: Establish precise logical structure of classical, 
nonmolecular Gibbsian thermo and its key appln to pure 
& mixture property relations and equilibrium & stability; 
link to molecular origins of thermochemical & substance 
properties (stat mech).

67
Thermo:  Compare and contrast the origins and 
limitations of various equations of state

63
Thermo:  Define the purpose of a partition function and 
give examples of how it is used

60
Thermo:  Describe how statistical mechanics can be used 
to compute thermophysical properties of macroscopic 
systems

70
Thermo:  Calculate phase equilibria using activity 
coefficient models

59
Thermo:  Identify partition functions for different 
ensembles

32
Thermo: Calculate basics of electrochemical equilibrium, 
e.g. Nernst equation

62
Thermo:  Derive the Gibbsian functions and the Gibbs-
Duhem equation using Legendre transforms

65
Thermo:  Compute property changes on mixing using 
partial molar properties

66
Thermo:  Compute fluid properties from two and three 
parameter corresponding states

Undergraduate Graduate Specialized Not Sure

Proposed Modularization - Thermo 

Presenter Notes
Presentation Notes
Here is an example of the final sorting of Learning Objectives for Thermodynamics. You can see how each column includes a heading for the level categorization for the learning objectives that are listed below.The average importance rating for each learning objective is indicated by color, which is defined in the key at the bottom of the slide.  Note that all the “Undergraduate” learning objectives were rated as above the midpoint of 3 (or 3.14 on a scale of 1-5), and this was not the case for the other categories. We observed �



Proposed Modularization - Safety 

Presenter Notes
Presentation Notes
Here is an example of the final sorting of Learning Objectives for Safety. You can see that there are only categorization columns for \Undergraduate and Not Sure. The average importance rating for each learning objective is indicated by color, which is defined in the key at the bottom of the slide.  Note that nearly all Safety learning objectives and all the “Undergraduate” learning objectives were rated as above the midpoint of 3 (or 3.14 on a scale of 1-5). �



Implications and Takeaways

• Most LO’s, especially the “important” ones, were sorted as 
Undergraduate Level

• In our BOK, the graduate core curriculum indicated that the mastery of 
undergraduate learning is essential for CHE graduate students. 

Eun B. (2017). The zone of proximal development as an overarching concept: 
A framework for synthesizing Vygotsky’s theories. Educational Philosophy and 
Theory, 51(1), 18-30. https://doi.org/10.1080/00131857.2017.1421941

Presenter Notes
Presentation Notes
What we can we takeaway from our building a graduate Chemical Engineering Body of Knowledge?Our subject matter experts sorted many of the learning objectives we collected from the graduate courses in the “Undergraduate” category. Additionally, nearly all undergraduate-sorted learning objectives were rated as important.We believe this categorization demonstrates Vygotsky’s Zone of Proximal Development. Vygotsky’s Zone of Proximal Development is a fundamental concept in educational psychology that describes the gap between what a learner can do independently and what they can achieve with guidance or assistance. In our case, many of the graduate level concepts are introduced in undergraduate classes. Students with undergraduate Chemical engineering degrees have developed some familiarity and mastery towards these learning objectives, yet there is potential for future growth and learning of these learning objectives with additional support and guidance.  Therefore, students with undergraduate chemical engineering degrees have the potential for more complex learning and mastery, their Zone of Proximal Development, with assistance in graduate courses. Therefore, learning objectives that were categorized as “Undergraduate” should be explore under guidance in graduate courses, until students have demonstrated their independent mastery.



Implications and Takeaways

• BOK brainstorming generated many non-CHE learning 
objectives.

• Approximately half were specialized knowledge sets (Life Cycle Analysis, 
programming, Process Control, Renewable Energy)

• The other half make up “soft” skillsets: communication, project 
management, interpersonal skills, and business/finance

• Many can be addressed in the Professional Development 
streams, and others will need to be reinforced in core and 
elective courses.

Presenter Notes
Presentation Notes
The brainstorming by our subject matter experts generated many non-CHE learning objectives.Approximately half were specialized knowledge sets, for example on Life Cycle Analysis, programming, Process Control, and Renewable Energy.The other half of the learning objectives make up “soft” skillsets, like communication, project management, interpersonal skills, and business/finance.Many of the learning objectives can be addressed in the Professional Development streams, and others will need to be reinforced in core and elective courses. We are currently working with out subject-matter experts on ranking the importance of these learning objectives.



Implications and Takeaways

•Consider both pedagogy (active learning and 
project-based learning) and curriculum at same 
time when modularizing.

Presenter Notes
Presentation Notes
Another takeaway so far, is that the depth of mastery suggests that more advanced teaching methods, such as active learning and project-based learning, should be implemented alongside the BOK-informed curriculum when modularizing the courses. This approach will both support and more effectively assess independent mastery.



Implications and Takeaways

• Intentional design of all core courses and 
professional streams are needed to support the 
learning graduate students need to develop 
mastery in the BOK.

Presenter Notes
Presentation Notes
Therefore, the intentional design of all core courses and professional streams are needed to support the learning graduate students need to develop mastery in the BOK.



• Analyze Student data for Modularized Thermo Class 
(Spring 2025)

• Refine Modularization Process
• Modularize Transport, Kinetics, and Math courses
• Continue implementation of Goal 2

Next 
Steps

Presenter Notes
Presentation Notes
Our next steps in the project include, analyzing student data for the modularized Thermo Class which will be held in the Spring of 2025, to further work on refining the modularization process for the Transport, Kinetics, and Math courses for Fall of 2025, and to continue implementation of Goal 2, by sharing our work and inviting collaborators who are interested in modernizing their STEM program’s curriculum using our model.



The Project Team
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Any opinions, findings, conclusions, or recommendations expressed in this material are those 

of the authors and do not necessarily reflect the views of the National Science Foundation. 

Susan Fullerton - 
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Presenter Notes
Presentation Notes
Here we will show a list of the entire project team. (Redacted for anonymity during the review)



Questions

Presenter Notes
Presentation Notes
We will invite participants to ask questions



Single credit modules provide personalization, while maintaining strong ChE fundamentals 

Core Courses/Curriculum Elective/Specialized Curriculum
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