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The rapid advancement of artificial intelligence (Al) and cloud computing is transforming the way computer science is taught and practiced, creating new opportunities to provide students with authentic computational experiences early in their academic careers. This project explores the

integration of Al-enabled learning tools and Jetstream2 cloud computing resources into an introductory programming course to enhance students' programming skills, computational thinking
programming concepts with Al-assisted code generation, debugging, code explanation, data analysis, and problem-solving activities within a cloud-based computing environment.

, and understanding of emerging technologies. The instructional model combines traditional

Jetstream?2 provides students with access to scalable computational resources without requiring extensive local hardware or software configurations, thereby reducing technical barriers that can impede participation in introductory computing courses. Students use cloud-based virtual
machines and development environments to write, execute, test, and evaluate programming solutions while using Al as a learning partner rather than a replacement for computational thinking. Instruction emphasizes responsible Al use, including evaluating Al-generated code for

accuracy, identifying errors and hallucinations, addressing bias and ethical considerations, protecting data, and maintaining academic integrity.

The project also explores the use of Science Gateway resources to connect students to authentic computational tools, datasets, and research-oriented environments. Through hands-on activities and project-based learning, students progress from foundational programming concepts to

cloud-based computational projects incorporating Al and data analysis. Student outcomes will be examined through programming assessments, project performance, surveys of confidence

and engagement, and reflections on Al-supported learning. The anticipated outcome is an

accessible and scalable instructional model that broadens participation in computing while preparing students with the technical and Al literacy skills needed for an increasingly cloud- and Al-driven workforce. This work demonstrates how Science Gateway resources can be leveraged to

introduce beginning programmers to advanced computing environments while supporting student success and persistence in computer science.

B} INTRODUCTION B TARGET COURSE DESCRIPTION

The target course is an introductory programming course designed for beginning

Course Name INTRO TO PROGRAMMING
computer science students, including students with limited or no prior programming
_ _ _ _ Course Number CMP 224
experience. The course serves as a foundational course in the computing
: . : . C : . Department COMPUTER SCIENCE
curriculum, introducing computational thinking, problem-solving, programming
concepts, and emerging technologies that students will use in subsequent Enrellment 2 (el S SR
computer science courses. The project is motivated by the need to provide  Prerequisites NONE
students with authentic exposure to high-performance/cloud computing, artificial  Project Repo https://github.com/cswanier/FacultyHack

intelligence, and modern development environments early in their academic

careers. Integrating Jetstream2 and Science Gateway resources with Al-supported Course Description

programming gives students access to scalable computing resources while

reducing the technical barriers associated with configuring local environments. The CMP 224 introduces problem solving and computer programming using the

. N _ _ programming language Java. The course teaches how real-world problems can
project addresses the gap between traditional introductory programming pe solved computationally using the object-oriented metaphor that underlies
instruction, and the increasingly Al- and cloud-driven computing environments Java. Some of the concepts and techniques covered in the course include data

students will encounter in advanced coursework and the workforce. types, expressions, objects, methods, conditionals, iteration, program testing and
debugging, interactive programs, data abstraction, interfaces, inheritance,

however, s courss s mended for Computer Scisnce Mmaiors o those who pian
OUISE BHoals : : : however, this course is intended for Computer Science majors or those who plan
*Core Programming Concept: Students will master fundamental programming  on applying to the major. Non-majors are strongly encouraged to take one of our

concepts, including variables, data types, conditional statements, loops, functions, programming courses designed for non-majors. Use of a laptop computer on
data structures, and basic object-oriented programming, using Python. which you can install software is required.

‘Problem-Solving and Computational Thinking: Students will develop

computational thinking skills by decomposing real-world problems, designing . SCIENCE GATEWAY RESOURCES USED

algorithms, analyzing solutions, and using debugging and testing strategies to

develop effective programs. Science Gateway resources will be used to connect students to accessible,
‘Professional Best Practices: Students will apply professional programming research-oriented computational tools and environments that complement
practices, including writing readable and well-documented code, using version Jetstream?2. Jetstream?2 itself supports science gateways and provides web-
control and collaborative tools, testing and debugging programs, documenting based interfaces and preconfigured virtual machines that simplify access to
project processes, and developing reproducible computational workflows. advanced computing resources.

*Science Gateway / Jetstream2 / Al Integration: Students will use Jetstream2
cloud computing resources and Science Gateway tools, including virtual
machines and browser-based computational environments, to develop, execute,

apq evaluate JA_VA programs and Al-supported computational.projegts while Engineering Discovery Environment) and is operated by Indiana University in
critically evaluating Al-generated code for accuracy, security, bias, and collaboration with several partner institutions.

responsible use.
Grade Computation In this course, Jetstream2 is being used to provide students with consistent, on-

demand computing environments for coding, testing, debugging, and running Java

Jetstream2 is a cloud-based computing environment funded by the National Science
Foundation (NSF) and designed to support research and education across a wide
range of scientific disciplines. It is a part of the XSEDE (Extreme Science and

Software installation 10% programs and other software tools. This approach eliminates issues related to
HeaelinEss i hardware or software differences on personal computers and ensures that every
Lab Work 20% C@ PROGRAMMIA. student can access the same setup, regardless of their device.

i 10% . . . . . .
= ° By working with Jetstream2, students will also gain experience using cloud
Programming Projects 30% _—— infrastructure—an increasingly important skill in both academia and industry.
BT 30% Through this platform, students will learn how to interact with virtual machines,

manage computing environments, and explore how scalable systems can support

Mentor Feedback Incorporated software development and data processing tasks.

e Suggested that | used images for course redesign

e Suggested that | rewrite my project goals JE ffeam

e Suggested that | change the image for the Science Gateway Resources Used

B IMPACT ON STUDENTS

« Primary users: Beginning computer science students enrolled in the introductory programming course, particularly students with limited prior
programming experience or limited access to advanced computing resources.

« Skills gained: Students developed foundational JAVA programming, computational thinking, debugging, data analysis, cloud computing, and Al literacy
skills.

* Increased access: Students gained access to Jetstream2 cloud computing resources and Science Gateway environments that allowed them to work
with computing resources beyond the capabilities of their personal computers.

« Al confidence: Students learned to use generative Al as a programming and problem-solving partner while developing the ability to evaluate Al-
generated code for accuracy, bias, security, and ethical concerns.

* Real-world experience: Students moved beyond traditional local programming assignments and completed projects in a cloud-based environment similar
to those used in research, industry, and advanced computing.

B COURSE REDESIGN: BEFORE & AFTER

Pathway: From Traditional Programming Instruction to
Al-, Jetstream2-, and Cloud-Enhanced Learning

PREVIOUS COURSE PREVIOUS PROJECT REDESIGNED COURSE FUTURE OUTCOMES
0 APPROACH 9 APPROACH 9 AT MSING o INTEGRATION e AND PATHWAY

B FINAL PROJECT / DELIVERABLE

Building an Al-Enhanced Career Pathway Advisor in Java

( - FINAL PROJECT WORKFLOW - \

Al + Java + Jetstream2 + Science Gateway: Career Pathway Advisor Project
e BULD& [ 4\ PRODUCE THE Py DEPLOY& e PRESENT &

PREPARE

THE DATA PROCESS APPLICATION SHARE

‘ JETSTREAM2 ’ . ‘ DUE c

What students do What students do What students produce What students do What students do

« Review provided career dataset « Develop Java application « Interactive Career Pathway « Move project to Jetstream?2 « Present application demo

« Explore career categories, » Use variables, loops, conditionals, Advisor application cloud environment « Explain design, code, data,
skills, interests, and data methods, arrays, file /O * Asks user questions « Compile, run, and test Al use, and cloud workflow

« Organize and clean data * Implement scoring algorithm » Calculates career-interest scores the application « Submit final deliverables
for use in the program for career matches « Recommends top career paths * Debug and optimize « Reflect on learning and

« Save data in CSV file E Use' Alasiaip °g ramming « Displays results + simple « Document environment, process
v assistant (explain, debug, e t dd darci
for processing visualizations setup, and dependencies

improve, test) : Share code and data
« Test and refine the program HMERIesUIs hile (GitHub or archive)

e |

/ Outcome \ / Outcome f Outcome \ Outcome [ / Outcome
‘ O ’ Clean, structured data O A working Java program J O A functional application that J < O ’ Cloud-based, tested, ( O ’ Demonstrated learning,
ns
: — \

ready for the application that processes data and provides career recommendatio reproducible project professional communication,
generates results and insights ready to share and mastery of skills

—
A\
TECHNOLOGIES & RESOURCES USED KEY SKILLS DEVELOPED

(_{{ , Java éﬁ% @ SCIENCE GATEWAY ‘ » v Java Programming v/ Al Literacy & Evaluation O
= 2 RESOURCES CSsV .
— ° E=Y) v/ Problem Solving v/ Cloud Computing O

Programming AlTools Cloud Computing Datasets, tools, Data Files O
Language (Code help, explain, Environment and support (Careers, skills, v/ Data Handling v/ Communication & Documentation
debug, improve) interests, etc.)

FINAL RESULT: Students build, test, and deploy an Al-enhanced Java application in the cloud that provides

career recommendations, demonstrates technical skills, and prepares them for real-world computing.

Project Goals

Goal 1: Increase access to computing resources with Jetstream?2 virtual computing
environments

Goal 2: Integrate generative Al into programming instruction for code generation,
debugging, explanation, and problem solving.

Goal 3: Develop authentic computational projects using Jetream2 and Al that mirror
real-world computing applications.

Science Gateway Goal: Integrate Science Gateway resources, including Jetstream?2 cloud
computing infrastructure and Al-enabled tools, into an introductory programming
course to provide students with accessible, authentic, and scalable computing
experiences that strengthen computational thinking, programming skills, and Al literacy.

B EXPANSION IDEAS

*Develop undergraduate research opportunities that allow students to use
Jetstream2 and Al for authentic research and computational projects.

-Offer faculty development workshops to help instructors learn how to
incorporate Al, cloud computing, and Science Gateway resources into their
courses.

*Create summer and bridge programs that introduce high school and
incoming college students to cloud computing, programming, and Al.
*Establish institutional partnerships with other HBCUs, minority-serving
institutions, and research universities to share resources, curriculum, and best
practices.
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B LESSONS LEARNED

 What worked: A major strength of the project was the progressive
introduction of technology. Rather than asking students to begin immediately

with cloud computing or Al, the course first established foundational Java
programming skills and then introduced responsible Al use before
transitioning students to Jetstream?2.

 What | would change: One anticipated friction point is the initial technical
setup and access to Jetstreamz2, particularly account creation,
authentication, virtual machine configuration, and learning how to navigate a
cloud environment.

* What surprised me: What was most surprising was the potential for Al to
change students' attitudes toward programming.

PATHWAY: REDESIGNING INTRODUCTORY PROGRAMMING INSTRUCTION

Traditional Introductory Traditional Assignments Limited Access to Al-, Jetstream2-, and Prepared Students for an . . .
Programming Instruction and Projects Emerging Technologies Science Gateway-Ehhanced Al- and Cloud-Driven World e - In tegrating Al, Jetstr eam2, and Science Ga teway Resources for Real-World ComPUt’ng ° .
and Envifopments Frogrammi st uction WHAT WAS ADDED, REPLACED, OR RESTRUCTURED
2 ADDED: Al-assisted ADDED: Cloud computing ADDED: Science Gateway RESTRUCTURED: Projects ¢~ ADDED: Professional practices
i i ith Jetstream2 v Q‘ o & activiti : . .
&) jetstream2 programming > with Jetstrea > dedd Fésources > PN pon ) Documentation, testing,
T—— . . Code generation, Access to scalable virtual Explore real-world tools, From local assignments to v reproducibility, version control,
m s Y ™3] . explanation, debugging, computing environments datasets, and computational authentic, cloud-based, and evaluation of Al-generated
p @ 3| [P S and problem-solving and data resources workflows Al-enhanced projects code
b ' L‘ o i \ 7
Science WHERE HPC/AI/SCIENCE GATEWAY RESOURCES FIT

Gateways

INTRODUCE - APPLY & EXPLORE NG ' ) A-ENHANCED PROJECTS b (@ REAL-WORLD APPLICATION
CLOUD (Weeks 3-4) (WEEKS 4-8) (WEEKS 8-12) g INTEGRATION (WEEKS 12-15)

FOUNDATION > RESPONSIBLE =
FOCUS WHAT STUDENTS DID GAPS STUDENTS ARE PREPARED TO (Weeks 1-2) Al USE (Weeks 2-3)
+ Variables, data types Com ; i .
. pleted assignments » Limited access to scalable Confidently program in
> Eo:gs::ns:ructures and projects on personal computing resources INTEGRATED ELEMENTS Q cloud environments </> @ C/\b /fv' @
« Functi - A : ==D
+ Problem-solving SncarP c<'>mputers * Few o.pportumtles to ::z:‘::: jn:IOUd CompAting Use Al responsibly as a o B = M l I I & & g
- Alactithme » Used locally installed experience cloud-based : AlE learning and productivity " B : ; H
g ; rogramming software development ¢ Science Gateway resources tool Learn Basic JAVA Introduction to Al Access Jetstream2 Programming, Data Build Al-Enhanced Capstone Project &
s Deb.uggmg ) ) prog i « Al-supported programming Programming in Programming Virtual Environment & Visualization Computational Projects Professional Practices
’ 322: ':i::/gerli::rr:gr‘ﬁ projects 7 :;?;?;:::t::&:::es & Lr:;ler;cr)nr::i:seoff /::)If;l)erm and problem-solving .Eﬂ[l. \éVork wntlh real(;v;orld « Variables, data types » What Al can and cannot do « Create account & launch VM » Work with datasets « Integrate Al for coding help + End-to-end cloud-based project
environment) :olvging geR * Work with authentic Eta, 100is, and datasets » Control structures » Ethical and responsible use * Use Jupyter/VS Code « Data analysis with libraries * Use Al for analysis & insights » Documentation & version control
* No SEpasuRs to cloud i datasets and computational Q Succeed in advanced « Functions & methods » Prompting for code help + Manage files and projects | * Visualize results * Develop and test solutions « Testing and reproducibility
computing, HPC, or * No exposure to authentic tools W®' courses and research g s J . . " . : g : =
ENVIRONMENT R carch eryirenmeants research computing Problem-solving Evaluating Al outputs * Run and test programs More complex programs Evaluate and improve Present findings
Local computers with it e te o datasets + Connect foundational ahim Compete in an Al- and « Basic algorithms « Bias, accuracy, and safety » Introduction to Linux basics * Al-assisted debugging Al-generated code * Reflect and evaluate learning
i concepts to real-world c —dri :
locally installed software : : B cloud-driven workforce « Simple programs |
computing practices ! \ . |
THE PATHWAY IMPACT | e e s Al tool.;R.(EeSg UC;RO::; ilistant, LT ‘ Jetsh‘ealrzs ;L:::errgaxces Jetstre::;.?nl::rgrfozgemce Jetstreai\EZschi:E:eFGI;teways -
_ | L°°:;3f;’;‘°p’“e"‘ ChatGPT, Jetstream? Inference Je“"?ﬂ'gﬁ‘:g;“:ﬁf“‘"* Python/Java, libraries, data Science Gateway datasets Al tools, collaboration
Students gain They build skills PY They develop : The program strengthens B The broader community » Service) ) storage and tools platforms ¢
. . . access to resources in cloud Computing, # confidence with * student success, retention: * f.\ benefits from a pipeline . . /
..‘ they couldn't reach Al tools, and authentic . . H l :::mputling anclf see H H H and readiness for advanced & * a of skilled, Al- and e—— Build Basic Programming Confidence - —ee—— Transition to Cloud Environment ——ee——— Apply & Expand with Al and Gateways 4+ Integrate & Demonstrate Mastery ——e
. m—— emselves as future Jmmm———  coursework and careers. cloud-literate graduates.
before: e technology leaders. 2 HOW ASSESSMENT CHANGED -
: - R - . . . : AFTER: EXPANDED, Al- AND CLOUD-ENHANCED ASSESSMENT
This pathway transforms traditional programming instruction into an engaging, accessible, and future-focused learning experience.
. ¢ Al-Assisted Programming Cloud-Based . 3 Evaluation of Al- Professional Practices Broader Measures
6 gOcTR N code o o Activities Computational Projects PERCUrs LSsig Generated Code Demonstrated of Mastery
« = |+ Local programming assignments C/\ I! ,l_] . /
A U T H O RS & M E N T O RS v ™= I . simitcode fies » Students use Al for code cmm /) Projects completed Students reflect on their Students assess Dacure st O Assessed on program
- — s 5w generation, explanation, =D in Jetstream?2 and learning process, Al use, & accuracy, efficiency, m 4 L testing, ' \anati
» Limited to functionality debugging and solve WD science Gateway challenges, solutions, readability, security, debugging, code style, of solutions, process,
A A I S b h « Little to no Al or cloud integration problems; must evaluate environments with and what they would bias, and ethics of and reproducibilty. and responsible use of
. Nnas ope Al outputs. real datasets. improve. Al-generated code. Al and cloud resources.
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RESULT: Students develop programming proficiency, Al literacy, and cloud computing skills with professional practices needed Q “ﬁ\} @
Utah State University for success in advanced courses, research, and an Al- and cloud-driven workforce. . v
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