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Thinking about Engineering Beyond 2020

2004

2005

Many calls for reform and 
numerous 21C learning skills lists

—better communication skills
—more “design”
—more systems thinking
—more people skills
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Lifelong learning

Matthew Effect in Education:
When students acquire meta-skills such as learning 

how to learn, read, write, they bring this skill to every 
course and reap its exponential benefits

“Teach a man to fish, and 
you feed him for a lifetime.” 



Develop “Understandings” of  “Big Ideas” & 
Focusing on Transfer of Knowledge

“What we are claiming, based on 
both common sense and the 
research in cognition, is that 

no skill can be integrated into a 
powerful repertoire unless the 

learner understands the big ideas 
related to using the skill wisely.”

—Wiggins and McTighe. 



I M P R O V I N G  O N E ’ S  
M E T A C O G N I T I V E  S K I L L S

VIA NEGATIVA
Avoid common mistakes

VIA POSITIVA
Become more effective



Via Negativa

J. Qadir, 
“What every student should know: Seven learning 

impediments and their remedies,” 
IEEE Potentials, vol. 34, no. 3, pp. 30–35, 2015. 



Via Positiva J. Qadir and M. A. Imran, 
“Learning 101: The untaught basics,” 

IEEE Potentials, vol. 37, no. 3, pp. 33–38, 2018. 

Effortful learning is 
better learning

To learn, you must forget, then 
interrupt forgetting

Disfluency/discomfort can be 
good for learning

Fixating on perfection: 
Why mistakes are required?

Testing/retrieval as a 
learning tool

Spaced learning and 
interleaving

Aiming for 
mastery

Fixating on fluency: 
Why fluency is not sufficient?

Fixating on discipline: The upside of variety
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Salient Technical Know-How

Modeling and 
Approximation Abstraction Computational 

Thinking/Skills

Machine Learning & 
Artificial Intelligence

Optimization 
Theory

Statistical/Data 
Literacy



The importance of Abstraction
Part 1:

Synthesize 
& Structure

Part 2:
Communicate 

Top-Down

TCP/IP model

A person playing a computer game uses 
a series of abstractions— 

the game is built using 
a programming language abstraction,

 which depends on an assembly language abstraction, which 
depends on a microprocessor abstraction, 

which depends on a finite-state machine abstraction, which 
depends on a memory abstraction, 

which depends on a logic gate abstraction, 
which depends on a digital abstraction, 

which depends on a law of physics abstraction,
 which aims to model nature. 

“preserving information that is 
relevant in a given context, and 
forgetting information that is 

irrelevant in that context” 
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Integrate 
Mental Models

dictates how we perceive reality based on 
our values, expectations, & experiences.

Policy Resistance

measures taken to improve 
a situation can directly make 

it worse due to policy 
resistance arising from 

people adapting

Symptom Treatment 
“There’s always 

an easy 
solution to 

every problem 
that is neat, 

and plausible, 
but wrong.”—
H. L. Mencken 

Unintended 
Consequences

Optimizing the parts
rather than the whole

Becoming a Systems Thinker



Multidisciplinary Holistic Learning

A latticework of models [from different fields] helps 
remove blind spots to better make sense of the 
complex world through multidisciplinary thinking.

Combine the arts and the sciences 
(e.g., for visualizing and generating ideas).

No one model alone is entirely perfect. 
If a hammer is all you have, 

everything appears like a nail



Breath Not At The Cost of Depth
(i shaped vs. I-shaped vs. T-shaped)

Bad engineers

Good engineers
Bad problem solvers Great engineers

Good problem solvers

Superficial 
narrow knowledge

Deep (but narrow) exper8se
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Entrepreneurship

4C Skills for the 21C. 
Critical thinking;  Communication; Collaboration; and Creativity.



Communication Skills

https://www.youtube.com/junaidq

“It is nearly impossible to overstate the benefits of being able to 
write well. The importance of the written word in storing, sharing, 
and communicating ideas at all levels of all organizations makes a 

poor facility with the mechanics of writing a severely career-
limiting fault.'', John E. West, The Only Trait of a Leader: A Field Guide to 

Success for New Engineers, Scientists, and Technologists, 2008

https://www.youtube.com/junaidq


Ability To Act Ethically and With Wisdom

“Every technology is both a 
burden and a blessing; not 
either-or, but this-and-that.”

Neil Postman

https://www.youtube.com/junaidq
IHSAN for Muslim Professionals - A Short Course

An ounce of information is worth a pound of data.
An ounce of knowledge is worth a pound of information.

An ounce of understanding is worth a pound of knowledge.
An ounce of wisdom is worth a pound of understanding.

[Tongue-in-cheek]

An ounce of wisdom is w
orth 

65,536 ounces of data.

https://www.youtube.com/junaidq


Washington Accord/ 
Pakistan Engineering Council (PEC)’s

Recommended Graduate Attributes

What the graduates are 
expected to know and able to 

perform or attain by the time of 
graduation (skills, knowledge 

and behavior/attitude)

12 Program Learning 
Outcomes (PLOs)



Concluding remarks

Junaid.qadir@itu.edu.pk

Gaining knowledge is a lifelong project.

With the diminishing half-lives of engineering knowledge, it 
is futile to cover everything during engineering education.

Learning is a lifelong engagement. Learning how to learn is 
and having broad knowledge in many fields is becoming 

increasingly important. 

Beyond 2020 skills are timeless skills and are “anti-fragile” 
(thus suitable for volatile, uncertain, complex, and 

ambiguous [VUCA] times).


