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The project and team

Tahzinul Islam
• 1st year PhD, Mechanical Engineering (Heat & Mass Transfer)
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• 3rd year PhD, Software Engineering (Artificial Intelligence)

Prof. Alidad Amirfazli
• Course director for fluid dynamics
• Expertise in droplet physics (heat & mass transfer)
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• Expertise in Solar Energy, Radiation heat transfer and Engineering Education 

(MIT & ETH)
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The gap in mechanical engineering education
• The big 3 problems
1. Knowledge (cognitive)

• Retention a problem

• Even basic terminology such as ‘dynamic pressure’ are completely forgotten

• Technical skills in applying equations a problem, BUT plug-and-chuck is common

• Information overload (textbooks, slides, quizlet, assignments, quizzes, other activities and so on)

• Risk of plug & chuck (short term memory)

2. Skills (psychomotor)
• Almost ALWAYS taught in labs

• Usually funding will deteriorate the quality of psychomotor training

• Personal anecdote: 1 prototype during my entire (not even capstone) during my final year in UPM

• York University spends much more funding on student projects and encourages using the makerspace to prototype designs for all 
courses

3. Technology (affective)
• Attitude towards technology (sustainability, cradle to grave designs, etc.)

• Real-world technologists who use the technology being learned in class (why do we care?)

• Meaningful memories (teacher in solid mechanics or fluid dynamics who made a specific joke, or specific things happened during 
class, anecdote of cheaters during fluids and question), traditionally done via office hours (but with 100+ students?)
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Serious Game literature
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Massively 
Multiplayer 

Online Role-
playing game

MMO-RPG • A formula that works!

• Massive quests, items, crafting and Non-playable 
characters (NPCs)

• 3 broad game mechanics in MMO-RPGs (Skills, 
Items, Quests)
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MMO-RPG

• Idea is simple, put a bunch of 
players in a virtual space (room 
for example) and fill this space 
with meaningful NPCs and SIQ

• SIQ = Skills, Items and Quests

• Virtual hangout spaces:
• Think of traditional Zoom meetings
• Translation of Zoom in 2D to a 

more immersive 3D format 
(modern computing enables this!)

• Facebook’s Metaverse will 
capitalize on this in the coming 
decades

Virtual space (room)

!

?

Players

Craftable
items
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Paper 1
Paper 2 Paper 3
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Game in view:
RuneScape (a successful MMO, 1999-present)
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• Thousands of in-game 
books on the story, lore 
and quests

• Players read through, 
internalize and live in this 
fantastical world painted 
by in-game items and 
books
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1. Skills

2. Items & 
crafting

3. Quests

The magic formula for immersive, FUN, virtual worlds 
= Skills + Items + Quests
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PC gaming: Steam store
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Multi-User Dungeons (MUDs)
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Timeline

• We are here!

• Pilot testing

2017 – Bachelors’ 
FYP on 

psychomotor 
training in VR

2021 – Conference 
paper in ASEE on 

using popular game 
mechanics in 

Serious Games

Summer 2022 –
gather.town 2D 

RPG demo a 
success

Fall 2022 – proof of 
concept of MMO-

RPG in 3D

Winter 2023 –
translation to other 

courses and UX 
testing/data 

collection

Summer 2023 –
Publish in JEE or 

CAEE

2024-2026 –
MechaPunk startup
& funding (grants & 

investments)

Uncharted 
territory
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Evaluation

• 30 Mechanical / Aerospace Engineering students who had taken 
Engineering Design;

• TWO tests (shown below):

➢ Real Chain Hoist

➢ Form A

➢ Virtual Chain Hoist

➢ Form B

TEST 1 TEST 2
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10 minute game demo 

for Quest 1

GAME DEMO SLIDE
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The tool we are 
using: 

Unreal Engine 5
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Discussion points
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What this concept review game does

• At a high level, we are using MMO-RPG as a mode of information 
delivery

• Knowledge trees reinforce cognitive abilities, Tech trees for 
psychomotor, and Story trees for affective

• Why not textbooks for instilling this skill tree?
• Lecture, conventional textbook, assignments, quizzes, groupwork, problem set, 

etc.
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The ‘defense’ and ‘oral examination’ mindset and 
overall implications in outcome-based learning
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The framework so far (work in progress)

3 Zones (3 monthly review sessions)
6 open modules / 6 weeks / 6 topics

• 6 oral exam questions per module
• 2-3 clues* per question (easy, medium, hard difficulty).

* Lots of room for improvement in this level of detail (future 
testing)
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Electrical Engineering

Mind Map of Mechanical Engineering 
(exercise) -> delegate to virtual spaces
• Think of these topic bubbles as ‘physical spaces’

Solid 
Mechanics

Materials

Instrumentation, 
Control & Robotics

Fluid 
Mechanics

Thermodynamics

Heat & Mass 
Transfer

Dynamics

Chemical Engineering

Statics

Civil Engineering
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Knowledge tree (lore system)

Fluid

Dynamics

Mechanics

Dynamics
Statics

1. 
Fundament

als & 
Internal 

Flow

2. Analysis 
techniques

3. 
Prototyping 

methods

CFD

DA

4. 
Turbomachinery 

Integral 
methods

Differential 
methods

Experiment
aln methods

Velocity

5. Aerospace
6. 

Miscellaneous

External 
flow 

(drag & 
lift)

Compressible 
flow (sonic, 
subsonic, 

etc…)

Turbines

Pumps 
(rotodyn
amic or 

PD)

Shear

Viscosity

Types of 
flows

Statics

Solids
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Tech tree

• Craftable items

• Demonstrate conventional game (item 1 + item 2 = item 3)

• Item 3 should be highly desirable and provide some type of 
upgrade to the player (game mechanics, cosmetic, collectible 
items)

• Players will be encouraged to gather items by doing quest-
specific tasks and will be rewarded with items accordingly
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Story tree
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Conclusion

• How to design MMO-RPGs to deliver university-level STEM information

• Broadly investigating information delivery in such virtual learning spaces

• Current $15,000 CAD project underway for pilot testing with plans to 
scale to other courses, engineering disciplines and STEM disciplines
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