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Growing the Next Generation of
Problem Solvers
Innovation in Curriculum Design
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Associate Professor of Engineering
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Associate Professor of Engineering
Baldwin Wallace University

Assistant Professor of Mechanical Engineering
Olin College, 2012022

Postdoctoral Fellowship at Harvard University
Seltorganizing Systems, 20P®17

[
‘ PhD in Mechanical and Ocean Engineering, MIT 201¢
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( Olin College BALDWIN
of Engineering WALLACE
UNIVERSITY
A Founded in 2000 as a laboratory for A Founded in 1845 in Berea, Ohio
Engineering Education A Engineering department had first two
A Located in Needham, Massachusetts graduates in spring 2022
A Undergraduate only350 students A General engineering major
A Three majors: EngineeringlechE ECE A New and growing departmentess
A Selectiverequire calculus and physics selective
A Residential student body with large A Approximately 75% student athletes
geographic spread A Residential and commuter students,
BW A Genderbalanced student body primarily local, ~3000 undergraduates
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Despite Olin and BW being very different institutions, some common
observations inform curriculum development:
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A Differences in preparation are large, and they angéy amplified by COVID
disruptions

A College cost is high (in the US) andtheie propositiomeeds to bedemonstrated

AStudentS Y R (2 2dzYLlJ Ay (2 vy SToA NBAGOQHZI YOSAYV2OYT & AGUASE
A Especially at Olin, students veeconfident in their design skills, but did not feel

that quantitative analysis would help with design or fabrication
A Students @ not feel confident that they can choose or perform helpful analysis

A Students struggle to adapt modeling concepts to new scenarios

BW
B

BALDWIN UNIVERSITY OF

LIMERICK

OLLSCOIL LUIMNIGH

WALLACE
UNIVERSITY

HCI Transforming Higher Education




R LR L

Developing students |n
Quantitative Foundation Courses
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| want students to bevroactiveandtake ownershipof their learning.
| want students to develop theidentity as a scientifichinker. o”»
| want students to be good anmbnfidentat doinganalysis | e b e
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A be comfortablewith a quantitative analysis process
A know how to make use of analysis for engineering design

A bereadyto 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.
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1. Demonstrate relevance through context

A Include framing and setup in the problesolving process
A Foster connections to the outside world and between concepts (with concept mapping)

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

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

4. Promote peer learning through shared spaces and experiences

A Create opportunities for shared success and shared failure
A Students teaching students is good for everyone

BW
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Design Prmmples
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1. Demonstrate relevance through context

y “i".. _' »

:f« (v /’ = “JJ
’ { e

4 /] /”n\

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

3. Use physical artifacts to build intuition and validate calculatigns

4. Promote peer learning through shared spaces and experiences
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Example:
Use physical artifacts to build intuition and

validate calculations

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

Developing intuition around conceptual material creates ¢
solid base, and requires more than equations in a book = — -
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Question:How do you traverse a parametrically
RSTAYSR G0NARISE dzaAy3

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 {olass physical demonstration

GONARISZé o0dzi A0 R2Sa alyvYs
B\W community or evoke strong reactions as a
physical robot.

' A robot simulator has also been used for the
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During the first few years of the Baldwin  Curricular response:
Wallace Engineering program, it was PHY163 Freshman Physics Seminar*

observed:

A Team taught by Physics and Engineering

1. Students were entering with very large A First semester physics and engineering studen

differences in math preparation

A COVibrelated impacts that amplify
differences expected for years

2. Calculushased Physics | in the first

semester was a substantial challenge

BW

BALDWIN
MO *Need a better name

dThe course is focused atudent explorationwith an
emphasis orseltdirected learningand development of
technical and professional identée
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1. Demonstrate relevance through context
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2. ldentify 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
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_ Peer Learning and Shared
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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
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