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Unintended consequences for higher education: 

• Hyper-specialization of undergraduate degree 
programs 

• Armies of highly specialized graduates: deep subject 
specialists 

• Scarcity of effective generalists: trans-disciplinary 
solution integrators 



Three questions: 

• How did hyper-specialization arise? 

• What are the consequences for individual 
students, and for society as a whole? 

• What might be done about it? 



My story: 

Or, how an MIT engineer came to understand 
and cope with the unintended consequences of 
technological progress for university education 
over 50 years as an educator… 



1965-1969 

• BSc in Electrical Engineering 

• English, Economics, Psychology 

• Chose EE major at end of 2nd year 

• Combined BSc/Msc 

 

Vietnam War, the draft, and student 
deferments… 

 



‘69-’71 

• MSc, EE, Optical Communications 
• Prof. R. Kennedy’s blackboard: “catarac” 
• “Optical Compensation for Cataracts” 
• Biometrics and eye movement based visual 

diagnostics 
– Reading pattern analysis 
– Visual tracking 
– Visual field plotting 
– The dark side… 

• DARE on the side… 



‘72-’75 

• Cognitive Information Processing Group 

• Vision and Image Processing 

• Pattern Recognition 

• “Visual Field Plotting using Eye Movement 
Response” 

• Biomedical applications of emerging 
technology: intended consequences… 



1976-2010 

• Systems Design Engineering, one of 5 
engineering programs at Waterloo (Today 
there are 15!) 

• Transcending disciplines within engineering 

• Leonardo da Vinci and the urgency of doing 

• George Soulis and the discipline of design 



2003: some evidence 

• Millenium scholars at Waterloo fall 2003 

– 52 in total 

– 12 in Systems 

– 16 SHADs 

• Faculty of Engineering Alumni Achievement 
Awards: 

– 10% of Engineering grads were Systems 

– 25% of Award winners were Systems… 



Consequences 

 The reward for doing good work? 

 

More work! 

 



Flashback: SHAD 

• 1981, Derek Lane-Smith 

• Technology and entrepreneurship 

• 50 high school students in residence with 
university faculty and grad students for four 
weeks in July 

• “find the best, and make them better” 

• “Changing the change makers” 



SHAD??? 

• S:  STEM 

• H: Humanities 

• A: Arts 

• D: Design 

– Challenge 

– Community 

– Change 

– Across disciplines 

 





Cautionary note: 

STEM enthusiasts beware: 

 



Back to 2003: 

• Waterloo Unlimited 

• SHAD and then some 

• Compressed in time 

• Expanded in scope 

• Change a life in 5 days… 



a unique enrichment experience 

for high school students 

of exceptional potential 

 
www.unlimited.uwaterloo.ca 
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Cornerstones – Intrinsic Motivation 
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Cornerstones – Trans-disciplinarity 
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Cornerstones – Self-enrichment 
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Cornerstones – Community 



The “annotated lecture” Sample university-level classes 

What will you do? 



EWB water filtration Get hands-on in the workshops 

and labs 

What will you do? 



Ryan explaining centre of mass 

calculations (CIVE 127) 
Share your experiences with other 

participants 

What will you do? 



George Soulis on 

design & education Attend public talks with 

participant families and hosts 

What will you do? 
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Design project at Architecture Practise problem-solving and 

creativity 

What will you do? 



What will you do? 

Unwind with new friends 

Games on the green 

Hip-hop in the studio 

Math problems & pizza 

The Commons 
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Sample Schedule 

What will you do? 

From whole group lectures and small 

group workshops in the morning to 

no-sweat rec. sessions, pizza lunch 

with Math and public talks in the 

evening, the days are just packed! 
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“The creative person wants... to 

know about all kinds of things: 

ancient history, nineteenth 

century mathematics, current 

manufacturing techniques, flower 

arranging, and hog futures. 

Because he never knows when 

these ideas might come together 

to form a new idea.” 

 

   Carl Ally 



Feedback from our first pilot: 
 Nov 2004 

“Thank you for sending me to Unlimited. It 
changed my life!”   

 

(Grade 10 Bluevale High School student, after 
hugging his enrichment teacher on Monday 
morning after the program) 



What was the magic? 
 

• Skills sessions: 
– How to make a lecture work for you 

– Learning by heart 

– How to ask for a letter of reference 

– How to shake hands 

– How to present yourself on-line 

– How to write the killer one-pager 

– Enhance your creativity 

– Critical thinking 



Where are we? 

• With MIT, Systems Design, SHAD, and 
Unlimited as our context: 

• My first question: How did undergraduate 
university education become so specialized? 

 

How UG programs emerge: 

 

Lab    PhD  MSc  BASC  High School ?? 



Unintended consequences: 
 

• Premature choices: 

– Discouraged and disaffected students (many 
SHADS and Unlimiteds!) 

– Today’s jobs may not exist when you graduate 

– Tomorrow’s jobs can’t be imagined 

 

Engineering Admissions 1994-1998 and the 
dot.com bubble… 



Unintended consequences: 
 

“We have no trouble hiring deep subject 
specialists. We cannot find solution integrators.” 

    Catherine Booth, SDE and Msci Grad 

 

Armies of narrowly trained specialists 

Few generalists who can work effectively 
across disciplines 

 

 



The world is complex 

• Problems don’t confine themselves to narrow 
disciplines 

• Effective solutions have to transcend 
disciplines 

• We need solution integrators able to work 
effectively across disciplines in multi and inter-
disciplinary teams 



Turn back the clock 

• Not 1 hour, but 1000 years 

• 1100, University of Bologna, BA 

– Trivium: grammar, rhetoric, logic 

– Quadrivium: math, geometry, astronomy, music 

• 1860, University of London, BSc 

– Math, physics, physiology, botany 

• 1965, MIT, 22 majors 

• 2007, University of Toronto, 984 majors 

 



What’s the problem with early 
specialization? 

• You change a lot over 5 to 10 years 

• Society changes even more 

• My way of knowing is the one true way of 
knowing… 

• Yours is lesser… 

• Harder to make a generalist from a specialist 
than vice versa 



How might we design an Unlimited 
undergraduate experience? 

• Make 4 years as life changing as 4 weeks, or 4 
days? 

• Design from the student up, not the 
technology down… 

• Unlimited cornerstones 
– Transcend disciplines 

– Intrinsic motivation 

– Community 

– Self-enrichment 

 





Intrinsic motivation 

• Autonomy 

• Mastery 

• Purpose 



Knowledge Integration 

KI’s “Quadrivium”: 

– Skills for knowing and doing across disciplines 

– Breadth requirement: arts and sciences 
foundation 

– Exploration electives 

– Concentration electives 



https://uwaterloo.ca/knowledge-
integration/ 





Year 1 Year 2 Year 3 Year 4 

Intro to the Academy: 

Disciplines & Integrative 

Practices 

Nature of Scientific 

Knowledge  

The Museum Course: 

Research & Design 

Senior research 

project: Research & 

Planning 

Intro to the Academy: 

Design & Problem 

Solving 

The Social Nature of 

Knowledge  

The Museum Course: 

Practicum & Presentation 

Senior research 

project: Writing & 

Defense 

Critical Thinking The Museum Course: 

Preparation 

Cultures & Ethics  

Electives (8 courses) 

Public Speaking The Museum Course: 

Field Trip 

 

Electives (7 courses) 

Computer  Science  

Electives (8 courses) 

Maths (2 courses) 

Investigative Science 

(+lab) 

Electives (2 courses) 

 

 

Bachelor of Knowledge Integration: Typical Course Sequence 

The unique feature of the KI program is the integrative “how-to” courses taken 

each term. Students build a solid knowledge foundation, learn transferable skills 

and apply them to a particular knowledge focus through their electives.  





Amsterdam 2010 



Questions? 

 


