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Background & Motivation

Team-based learning

enhances engagement, Current methods lac

scalability and
personalization.

critical thinking, and
collaboration.




Research
Gaps




Key Contributions

 Hybrid algorithm combining community detection and genetic optimization.
* Web-based platform for teachers and students.

 Validated with synthetic networks (20, 50, 100 students).




System Overview

* Teachers: define activities, required skills, and
team sizes.

* Students: self-rate skills, select preferred
teammates.

* System processes data and outputs optimal
team assignments.




Teacher Interface

* Activity creation and skill specification.

Activities & Projects

loT smart home

This project provides hands on experience in developing a smart home. An experience in Python and Al is required

Due: 2/12/2025

Database System for Conference Management System

We need to develop a database usign MySQL to manage data of the ICCS conference. Skills needed include: SQL,

Python, Java, and familiarity with Relation Model.

Due: 3/24/2025

Create a Poster for the Science fair

Work in teams to create a poster for your science project. We need skills in writing, image editing, and illustratio

graphics.

Due: 4/21/2025

Create New Activity/Project

Activity Name

Database System for Conference Management System

Description
We need to develop a database usign MySQL to manage data of the ICCS

conference. Skills needed include: SQL, Python, Java, and
familiarity with Relation Model.

Due Date

[e3/25/2025 8]

Create & Generate QR Code




Teacher Interface

* Visualization of student networks.

Network Visualization

Skills:
Programming: 5/5

#  Algorithms: 3/5

Web Dev: 4/5
Database: 4/5
Engineering: 5/5
Connected to:

Liam O'Brien, Maya Patel, Olivia Brown




Teacher Interface

* Review of student ratings and preferences.

Database System for Conference Management System

We need to develop a database usign MySQL to manage data of the ICCS conference. Skills needed include: SQL, Python, Java, and familiarity with Relation Model.

Due: 3/24/2025

Alice Smith

Programming
Algorithms
Web Development

Database
Management

Engineering

Bob Johnson

Programming
Algorithms
Web Development

Database
Management

Engineering

Carol White

Programming
Algorithms
Web Development

Database
Management

Engineering

Group 1

David Lee

Programming
Algorithms
Web Development

Database
Management

Engineering

Skill Diversity Friendship Closeness

99% 76%

E Alice Smith E David Lee B Emma Wilson B Frank Miller

Group 2

B Bob Johnson B Grace Chen B Henry Park E Isabel Rodriguez

Group 3

B Carol White ﬂ Kelly Wu B Liam O'Brien E VMaya Patel

Group Size Balance

100%




Student Interface

Student Self-Assessment

* Likert-scale self-rating on .
requ1red SkillS. David Adam

Profile Picture

* Peer selection enhances (s o g ce
autonomy and satisfaction. [EICEIRE

Programming Fundamentals

* Submits responses via QR
code or link.

ata Structures & Algorithms

Web Development

Database Management

Software Engineering Practices

Select Preferred Peers

Available Peers

Select the peers you prefer to work with

\:\ a Alice Smith Programming: 4/5 Algorithms: 5/5 Web Dev: 3/5
‘:‘ B Bob Johnson Programming: 3/5 Algorithms: 4/5 Web Dev: 5/5

O B Carol White Programming: 5/5 Algorithms: 3/5 Web Dev: 4/5

\_\ B David Lee Programming: 4/5 Algorithms: 4/5 Web Dev: 3/5

Submit Profile




Backend System

* Builds weighted social graph from preferences.
* Handles computational complexity efficiently.

* Supports large-scale classrooms and MOOC:s.




Data Simulation

* Synthetic data: 20, 50, 100 students (5 instances each).
* Randomized skill vectors and social edge weights.

* Captures realistic classroom diversity.




Hybrid Algorithm Design

Chromosome = team assignment;
fitness = skill diversity, closeness,
size balance.

{
Initialization of »"  Fitness
Population

7

Phase 1: Community Detection (Louvain
method).

Function

Phase 2: Genetic

Optimization. Coverenges Selection

o
v
/

/ Reproduction




Hybrid Algorithm Design

Input: G = (V, E): Social network graph

e Phase 1: Community DeteCthn S: Skill vectors for each student
(I;()ll\/£1iIl IIlf:t}l()(l). k: Desired number of groups

Output: G k = {G 1, G_2, ..., G_k}: Partitioned student groups

* Phase 2: Genetic Optimization.
Initialisation:

L4 Chromosome = team aSSIgnment; Perform community detection on G to obtain initial group assignments G_k"(@)
. . . Encode initial assignments as chromosome c”~(0)
fitness = skill diversity, closeness,
size balance. e

1: Initialise population P with chromosome c”(@) and random chromosomes
2: for t = 1 to T (max generations) do

Evaluate fitness F(c) for all chromosomes in P

Select parent chromosomes using tournament selection

Perform crossover to generate offspring

Apply mutation to offspring with probability p_mut

Replace least-fit individuals in P with offspring

: end for

Final Step:

9: Return best chromosome c* representing the optimized groups G _k




Fitness Function Details

» Skill Diversity: entropy of team skills.
* Friendship Closeness: avg. social edge weights.

* Group Size Balance: penalizes unequal team sizes.




Results Overview

* Metrics: Skill diversity, friendship closeness, group size.
* Consistent performance across 20, 50, 100 nodes.

* System shows robustness and scalability.




Skill Diversity Results

* Uniform high skill
diversity across all
team instances.

* Maintained balance in 8
large networks (e.g., [
100 students).

* High entropy = broad
range of skills.

50, Instance

ize 100, Instance




Friendship Closeness

Size 20, Instance 1

* Measured by average
edge weights.

Friendship Closeness

Group ID

* Smaller networks =
more variance.

Friendship Closeness

* Larger networks =
uniform closeness.
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Group Size Balance

[ ] Near_p erfect team Size 20, Instance 1 Size 50, Instance 1 Size 100, Instance 1
sizes across all cases.

Group Size

* Effective in both small e .
(20) and large (100)
networks.

Group Size

2 3 2
Group ID Group ID Group ID

Size 20, Instance 3 Size 50, Instance 3 Size 100, Instance 3

* Reduces educator
workload.
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Strengths of the System

* Scalable and automated.
* Personalized: considers both skills and preferences.

* Supports visual analytics and teacher overrides.




Future Work

* Deploy with real student datasets.

* Integrate cognitive and learning preferences.




Conclusion

* Presents a novel, robust algorithm and system for team formation.
* Combines Al with social network analysis.

* Applicable across face-to-face, hybrid, and MOOC settings.




Thank You

* Questions Please

This work was supported in part by the Commonwealth Cyber Initiative, an investment in the advancement of Cyber R&[]
innovation, and workforce development. For more information about CCl, visit cyberinitiative.org




