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The Institutions
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ÅFounded in 2000 as a laboratory for 
Engineering Education

ÅLocated in Needham, Massachusetts
ÅUndergraduate only- 350 students
ÅThree majors: Engineering, MechE, ECE
ÅSelective- require calculus and physics
ÅResidential student body with large 

geographic spread
ÅGender-balanced student body

Å Founded in 1845 in Berea, Ohio
Å Engineering department had first two 

graduates in spring 2022
ÅGeneral engineering major
Å New and growing department- less 

selective
Å Approximately 75% student athletes
Å Residential and commuter students, 

primarily local, ~3000 undergraduates



Common Themes

Despite Olin and BW being very different institutions, some common 
observations inform curriculum development:

ÅDifferences in preparation are large, and they are only amplified by COVID 
disruptions

ÅCollege cost is high (in the US) and the value proposition needs to be demonstrated

ÅStudent tŜƴŘ ǘƻ ƧǳƳǇ ƛƴǘƻ ƴŜǿ ǎƛǘǳŀǘƛƻƴǎ ǿƛǘƘ ŀ ΨōǳƛƭŘ-ŦƛǊǎǘΩ ƳŜƴǘŀƭƛǘȅ

ÅEspecially at Olin, students were confident in their design skills, but did not feel 
that quantitative analysis would help with design or fabrication

ÅStudents do not feel confident that they can choose or perform helpful analysis

ÅStudents struggle to adapt modeling concepts to new scenarios
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Developing students in
Quantitative Foundation Courses
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I want students to be proactiveand take ownership of their learning.

I want students to develop their identity as a scientific thinker.

I want students to be good and confidentat doing analysis:

Åbe comfortablewith a quantitative analysis process

Åknow how to make use of analysis for engineering design

Åbe readyto applyanalysis to new problems
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Through collaborative design across 

disciplines, institutions,

and several course iterations, 

a set of 

design principles
are emerging.



Design Principles
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1. Demonstrate relevance through context
Å Include framing and setup in the problem-solving process
Å Foster connections to the outside world and between concepts (with concept mapping)

2. Identify key content to teach; facilitate lifelong learning for the rest
Å Projects build on core concepts, but encourage independence

3. Use physical artifacts to build intuition and validate calculations
Å Combine exploration, analysis and experimentation
Å Consider different levels and forms of analysis

4. Promote peer learning through shared spaces and experiences
Å Create opportunities for shared success and shared failure
Å Students teaching students is good for everyone



Design Principles
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1. Demonstrate relevance through context

2. Identify key content to teach; facilitate lifelong learning for the 
rest

3. Use physical artifacts to build intuition and validate calculations

4. Promote peer learning through shared spaces and experiences



Foster Intuition
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Example:
Use physical artifacts to build intuition and 
validate calculations

Combine exploration, analysis, and experimentation
Å Providing an opportunity for early success helps build identity 

and belonging

Developing intuition around conceptual material creates a 
solid base, and requires more than equations in a book



Example: QEA at Olin
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Question: How do you traverse a parametrically 
ŘŜŦƛƴŜŘ άōǊƛŘƎŜέ ǳǎƛƴƎ ŀ ƳƻōƛƭŜ ǊƻōƻǘΚ

Analysis and Experiment Approach:
1. Calculate linear and angular velocity for points on a 

parametric curve
2. Find left/right wheel velocities for a differential drive 

robot
3. Verify analysis through in-class physical demonstration

A robot simulator has also been used for the 
άōǊƛŘƎŜΣέ ōǳǘ ƛǘ ŘƻŜǎ ƴƻǘ ƎŜƴŜǊŀǘŜ ǘƘŜ ǎŀƳŜ 
community or evoke strong reactions as a 
physical robot.



Example: PHY163 at BW

During the first few years of the Baldwin 
Wallace Engineering program, it was 
observed:

1. Students were entering with very large 
differences in math preparation

ÅCOVID-related impacts that amplify 
differences expected for years

2. Calculus-based Physics I in the first 
semester was a substantial challenge
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Curricular response: 
PHY163 Freshman Physics Seminar*
Å Team taught by Physics and Engineering
Å First semester physics and engineering students
άThe course is focused on student exploration, with an 
emphasis on self-directed learningand development of 
technical and professional identityΦέ

*Need a better name



Design Principles
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1. Demonstrate relevance through context

2. Identify key content to teach; facilitate lifelong learning for the 
rest

3. Use physical artifacts to build intuition and validate calculations

4. Promote peer learning through shared spaces and experiences



Peer Learning and Shared 
Experiences
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Example: 
Promote peer learning through 
shared spaces and experiences

Create opportunities for shared success 
andshared failure

Students teaching students is good for 
everyone


