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Partnerships and collaboration drive innovative 
graduate training in materials informatics
Angela M. Slates1,2†, Shana L. McAlexander3†, Jennifer Nolan4, Juan de Pablo4,5,  
Junhong Chen4,6*, Harley T. Johnson2,7*, L. Catherine Brinson3*

Holistic and intentional training prepares next-generation materials informatics leaders and workforce for expe-
dited materials discovery and design.

Materials informatics (MI), which integrates 
artificial intelligence/machine learning (AI/
ML) and computational methodologies with 
materials science for rapid materials dis-
covery, understanding, and design, has 
emerged as a pivotal approach to transforming 
materials innovation. As industries increas-
ingly recognize the potential of MI to revolu-
tionize materials discovery and development 
cycles, an urgent need has arisen to equip the 
workforce with essential competencies in this 
highly interdisciplinary field. The US National 
Science Foundation (NSF) funds several re-
lated graduate training initiatives through the 
NSF Research Traineeship (NRT) program. 
This work aligns with NSF’s Big Idea: Harness-
ing the Data Revolution and the Materials 
Genome Initiative.

CURRENT STATE OF MI AND KEY 
PROFESSIONAL COMPETENCIES
Several current trends underscore the time-
liness of the MI approach: Growing data-
bases of labeled materials data, significant 
advances in high-performance computing 
and infrastructure, rapid development of AI/
ML algorithms, escalating demand for faster, 
efficient, and sustainable materials solutions 
in sectors such as energy, electronics, sus-
tainability, and healthcare, and the transition 
towards Industry 4.0, characterized by smart, 
high-throughput manufacturing and data-
centric operations.

Recent review articles have highlighted 
emerging areas in MI including AI for cata-
lysts, photovoltaic materials, batteries, nano-
medicine, and environmental and electronic 
materials along with advances in generative 
models, high-throughput screening, and au-
tonomous labs to support materials discovery 
(1–4). We have identified critical competen-
cies for successful development of the future 
materials workforce—including technical 
skills in data analytics, experience in custom 
AI/ML applications in materials science, and 
domain-specific knowledge in materials sci-
ence. Combined with professional skills in 
team science/convergence/interdisciplinary 
collaboration, communication, career devel-
opment, and ethics, we advocate for a com-
prehensive curriculum and activity design 
at the graduate level to train next-generation 
leaders in MI.

PROGRAM INSIGHTS
Development of convergent graduate pro-
grams with interdisciplinary and collabora-
tive cores is crucial to the MI vision. NSF NRT 
programs, like Data-Enabled Discovery and 
Design of Energy Materials at Texas A&M 
University, paved the way for this next genera-
tion of collaborative effort (5). The following 
offers insights gained from our experiences 
in implementing three ongoing NSF NRT 
programs dedicated to the MI vision. Shared 
characteristics across these programs include 

rigorous foundational coursework in both 
materials science and AI/ML methods, inter-
disciplinary collaborations at the intersection 
of AI/ML and materials science, multidisci-
plinary cross-training, and a focus on pro-
fessional development. Given the highly 
convergent nature of MI, a key strength for 
all programs lies in the participation and 
commitment from industry and national lab 
partners, solidifying a symbiotic relation-
ship crucial for both the training and appli-
cation phases.

Peer teaching and learning
The Data and Informatics Graduate Intern-
traineeship: Materials at the Atomic Scale 
(DIGI-MAT) program was conceptualized 
in response to the growing demand for 
graduates with expertise in both data science 
and materials science. As a result of this in-
creasing demand and recognizing the absence 
of formal programs preparing students at 
the intersection of data informatics and mate-
rials science, the University of Illinois Urbana-
Champaign (UIUC), Grainger College of 
Engineering (GCOE), and the National Center 
for Supercomputing Applications (NCSA) 
initiated a novel approach with DIGI-MAT, 
leading to the first of the three NRT programs.

Launched in 2019, DIGI-MAT was intro-
duced as a 5-year multidisciplinary PhD cer-
tificate program, recruiting, and cross-training a 
diverse group of 32 doctoral students across 
8 disciplines, including engineering, computer 
science, physics, chemistry, and statistics, 
while sustaining the program goal of serving 
40% women and underrepresented minori-
ties. As a component of the DIGI-MAT cur-
riculum, “iFridays,” launched as a 1-credit 
hour, weekly seminar, aimed to address various 
fast-moving topics related to the DIGI-MAT 
curriculum and the trainees’ professional 
growth. Inviting speakers from industry, 
national labs, and academia, the seminar 
covered relevant subjects focused on career 
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development, thesis and campus support, and 
future job/internship opportunities.

Building on this success in leveraging 
graduate student knowledge and rapid skill 
acquisition, an expanded peer-to-peer (P2P) 
learning experience was conceived which con-
siders the trainees’ desire for teaching experi-
ence, improved communication skills and 
stronger intergroup connections: “iShare” was 
launched as a professional development sem-
inar specifically devoted to trainees and fo-
cused on P2P knowledge sharing.

iShare emerged as a summer replacement for 
iFridays, creating an opportunity for trainees to 
teach each key topic of choice, important for 
their growth as MI experts. The sessions de-
livered specialized training in areas such as 
software tools, lab instrumentation and profes-
sional development, which evoked increased 
engagement, autonomy, and connection among 
trainees. This higher engagement and satisfac-
tion with the iShare model demonstrates what 
recent research also suggests. While traditional 
graduate education models position supervi-
sors and faculty members as primary sources 
of guidance for student development and 
success, peers and near-peers offer a distinct 
form of ongoing support. The immediacy and 
shared experiences among peers create trust 
and a willingness to learn from each other. 
The significance of these relationships, while 
different from those with academic super-
visors, can be equally consequential in the 
overall development and support of graduate 
students (6).

Interdisciplinary teams
The Harnessing AI for Design and Under-
standing Materials (aiM) program at Duke 
University focuses on cross-training a di-
verse group of doctoral students across 10 
departments including engineering/physi-
cal sciences and math/statistics/computer 
science. Since 2020, the program has sup-
ported 32 trainees with women and under-
represented minorities making up 53% of 
the trainee population. All students in the 
program are expected to embark on PhD 
projects with MI components. This re-
quires training in fundamentals of both 
materials science and ML and involves 
collaboration on interdisciplinary teams 
resulting in joint publications. Trainees begin 
the program with an orientation and boot 
camp involving a series of modules that 
cover disciplinary topics (e.g., materials 
thermodynamics and statistics) along with 
soft skills (e.g., science communications and 
collaboration).

During a team science experience, devel-
oped for the Joint-NRT symposium, students 
rapidly prepare research project proposals 
across disciplines and institutions. Within 
30 minutes, student teams brainstorm project 
ideas and articulate a research approach. 
This activity gives students a sense of some 
of the components required for the culmi-
nating year-long team science capstone proj-
ect course.

For the capstone, students with strong 
computational backgrounds team with stu-
dents with strong physical science back-
grounds. A faculty team across departments 
is committed to supporting and advising the 
projects. Teams create project charters that 
include roles and responsibilities, objectives/
project scope, communication and dissemi-
nation plan, proposed timeline, anticipated 
challenges, and proposed methods. Projects 
are intended to become a chapter in each 
team member’s dissertation and disseminated 
through conference presentations and manu-
script publications. Among the 14 program 
projects to date: A team of chemistry and 
biostatistics doctoral students analyzed data-
bases to improve biomedical polymers dis-
covery using ML (7). Another team comprised 
of civil engineering and materials science 
doctoral students trained an ML model to 
predict the mechanical profile of porous 
materials (8).

Partnerships
The AI-enabled Molecular Engineering of 
Materials and Systems (AIMEMS) for Sus-
tainability NRT program at the University of 
Chicago (UChicago) trains graduate students 
to become leaders who have not only out-
standing research strengths in AI/ML for 
molecular engineering toward sustainability 
but also transferable professional skills to meet 
their diverse career goals and responsibly 
solve global challenges in a rapidly evolving 
environment. Since 2021, the AIMEMS pro-
gram has recruited three trainee cohorts, in-
cluding 16 students at various levels of their 
graduate training, spanning molecular engi-
neering, computer science, physical science, 
and social science. Women and underrepre-
sented minorities make up 44% of the trainee 
population. Structured technical and pro-
fessional skills training are core components 
of the AIMEMS program. Four newly created 
courses in advanced materials characteriza-
tion, AI/ML for molecular engineering, scale-
up manufacturing of advanced materials and 
supercomputing are co-taught by UChicago 
faculty and Argonne National Laboratory 

(Argonne) scientists, exposing trainees to 
Argonne’s world class expertise and facilities.

A key feature of the AIMEMS program 
is the co-mentoring of each trainee by a 
UChicago faculty member, a scientist from 
Argonne, and an industry professional. This 
team of advisers offers guidance on trainee 
research projects, professional development, 
internships, and career opportunities. Mentors 
contribute to trainee development through 
monthly seminars on professional skills rang-
ing from STEM career development; diver-
sity, equity, and inclusion; teamwork and 
leadership; entrepreneurship and innovation; 
and communication. Trainees develop com-
munication, collaboration, teaching, and 
leadership skills by designing and leading 
symposia and boot camps in which mentors 
give research talks, participate in panel dis-
cussions, and engage in interactive grand 
challenge activities.

The co-mentorship model has facilitated 
transformative experiences for trainees. Dur-
ing a summer internship at Argonne, a molec-
ular engineering trainee successfully ran a 
flow battery to test membranes and has since 
begun setting up this testing in house at 
UChicago. A physics trainee co-authored a 
journal paper on per- and polyfluoroalkyl 
substances (PFAS) research in collaboration 
with program co-mentors (9). International 
partnerships in France, Kenya, and the United 
Kingdom develop trainees’ skills in collabor-
ative global research.

In addition to their research and courses, 
AIMEMS trainees are dedicated to increasing 
interest and awareness of MI and STEM fields 
in-general through K-12 outreach. For ex-
ample, a student trainee team designed and 
delivered a full-day outreach event for students 
from a local predominantly low-income, un-
derrepresented minority high school. A second 
outreach event with a local middle school took 
place in Spring 2024, and follow-up events 
with both schools together are in the plan-
ning stages.

Interinstitutional 
program collaboration
What sets these three NRT programs apart 
and provides guidance for future MI educa-
tional success is meaningful inter-program 
collaborations. Knowledge sharing and joint 
activities bolster the interdisciplinary effort 
and maximize the impact of funding re-
sources. The leadership teams meet regularly 
to share ideas and troubleshoot mutual chal-
lenges, and members of each NRT leader-
ship team officially serve on each other’s 
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external advisory boards. Two common ongo-
ing challenges regularly discussed are: effective 
methods for recruiting diverse populations of 
students and better engagement of computer 
scientists into MI. Especially notable is that the 
programs have brought trainees and leader-
ship teams together for four core activities 
to date: Chicago Joint-NRT symposium; 
Hackathon planning and participation; iShare 
Joint NRT peer teaching seminar series; and 
professional skills seminars.

At the Harnessing Data for Materials 
Symposium, a joint event held in Chicago in 
Summer 2022, program participants and 
partners convened to share knowledge and 
develop new research collaborations at the 
intersection of ML and materials science. 
Trainees found the rapid proposal develop-
ment process intense, challenging, and a 
highlight of the event, with one participating 
student coining the phrase “collaborate or die!” 
The benefit of this collaboration is that 
trainees practiced team science and visual-
ized how their efforts align with the goals of 
a larger community. Another joint sympo-
sium is planned for late Summer 2024.

Following the momentum of the joint 
symposium, trainees from the three NRT 
programs met to forge interdisciplinary con-
nections to prepare for the 2023 SSMCDAT 
Hackathon at Lehigh University. After several 
iterations of ideas and collaborators, a team 
of three emerged and submitted a successful 
proposal on the use of ML methods to by-
pass density functional theory calculations. 
Trainees valued the interdisciplinary experi-
ence, the collaboration and intense problem-
solving using MI during the Hackathon.

The collaboration efforts continued into 
summer 2023, as the three NRT programs 
organized an 8-week iShare peer-to-peer 
teaching series based on the UIUC model. All 
NRT trainees from all three programs were 
invited to attend and/or present a topic of 
their choosing. Trainees taught each other 
technical skills, demonstrated tools and meth-
ods in MI, and offered insights into planning 
events. The series enabled students to learn 

from one another, practice their teaching 
and communication skills, and consider po-
tential collaborations.

Individual institutional partnerships con-
tributed to graduate student development 
across the NRTs throughout 2023 via on-
line professional skills seminars offered by 
UChicago and Duke. Students came together 
virtually to gain knowledge and skills in teach-
ing, technical areas, and career development 
from a wide array of academic, industry and 
national lab experts. The connections build 
upon and strengthen our NRT community at 
the intersection of ML and materials.

RECOMMENDATIONS
As we move forward with development of ex-
tensible methods to educate the future MI 
workforce, the priority remains to sustain and 
amplify collaborative energy, ensuring that 
academia, industry, and national laborato-
ries remain interwoven in this journey. By 
sharing best practices from our respective 
programs, we hope to provide a blueprint 
for other institutions to create similar pro-
grams to cross train and collaborate to cre-
ate the MI workforce.

While these NRT programs necessarily 
focus on graduate level training, we encour-
age use of our work as inspiration to prepare 
students at all levels for interdisciplinary col-
laboration at the intersection of AI/ML and 
materials. Key steps include 1) providing core 
training in foundational areas of both AI/ML 
and materials, 2) breaking down department-
based silos to encourage productive teaming, 
and 3) prioritizing partnerships with aca-
demia, industry, and national laboratories. 
We also found that significant team-based 
student projects leverage the core founda-
tional skills and promote multidisciplinary 
learning and research that drives both dis-
covery and student success (10). Partnerships 
promote building an integrated, interdisci-
plinary workforce that can effectively tackle 
global materials challenges and drive innova-
tion. We urge academic institutions to evaluate 

and address departmental silos while provid-
ing students with the interdisciplinary men-
tality, skills, and knowledge necessary for 
success in the 21st-century MI workforce.
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