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INTRODUCTION

e Science education should emphasize
disciplinary "Ways of Thinking’ (WoT).

e WoT : how students think, act, & engage
in their projects and make decisions’[1].

e \We compare students’ Wo'T in instructor-
assigned vs. student-generated

Engineering Design (ED) problems.
e Both projects ED process model: identify

problem, generate ideas, create and test
plans, record results, explain outcomes,

Iterate and retest [2].

RESEARCH QUESTION

How do student-groups’ Ways of Thinking
compare while engaging in two multi-week
ED tasks: an instructor-assigned task
(ED1) & student-generated task (ED2)?

CONTEXT OF STUDY

e Large-enroliment (1100+), 1st-semester,
calculus-based undergraduate
introductory physics course.

e Course has three principle-based units:
momentum, energy, and angular
momentum: Lectures, Labs & Recitations.

e This study is situated in the Lab.

Week |Labs based on ED Task
01-06 |Momentum Principle |[ED1

07 -09 |Energy Principle

10 - 14 |Angular Momentum |ED2

e At end of each multi-week ED task
students submit written lab report & record
group-discussions in response to prompts.

FINDINGS

* Longer discussions in ED2 than ED1. --- Could ‘Agency’ play a role?

 All groups worked on different ED2 challenges --- Agency & Independence.

* No sig. differences in design thinking b/w ED1 & 2. --- "All can Design.”

 Mathematical Constructs (MC) low on ED1 & 2 --- Need more guidance.

* More instances of integrating math & physics in ED2 than ED1.

* ‘Design Science Gap’: gadgeteer’ solution w/o using physics/math concepts.
o Reversal of ‘Design Science Gap’ in the student-generated tasks (ED2),

intriguingly, we saw a reversal of this trend. --- Merits further

iInvestigation.

INSTRUCTOR-ASSIGNED TASK
(ED1)

A partner shipping company is requesting
your team to develop an algorithm to
remotely control its Automated Guided
Vehicles (AGVs) in a timely and safe
manner. AGV parameters are: Mass (no
load): 145 kg; Dimensions: 75x60x30 cm;
Maximum load: 340 kg; Maximum
momentum: 220 kg m/s. The layout of the
warehouse area provides 25 x 25 m square
space for AGVs to operate. The size of each
workstation is about 2 x 2 sq m.
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DESIGN THINKING PHYSICS CONCEPTS MATHEMATICAL
(PC)

(DT)

INSTRUCTOR-ASSIGNED (ED1)

THEORETICAL FRAMEWORK [4]

Mathematical & STEM-based

Problem Solving
¥

Ways of Thinking
(WoT)

Critical = Systems = Design
Thinking Thinking Thinking

—

Adaptive & Innovative Thinking
Learning Innovation

DATA & ANALYSIS

® Transcripts of audio-recordings of discussions
within 14 student-groups in weeks 06 and 14.

® Qualitative, inductive coding. Emergent themes.
Two experienced TA coded to consensus.

STUDENT-GENERATED (ED2)

METACOGNITIVE

CONSTRUCTS (MC) REFLECTION (MR)
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STUDENT-GENERATED TASK
(ED2) — EXAMPLE

We are the toy catapult group, and we are

commissioned by Dunkin’s Toy Chest. We are
creating a safe and fun toy catapult for this toy

company to make a better and safe toy for
their product line. They have given us a few
specifications including that the toy catapult
must not launch a projectile above 6 feet so
that the toy catapult could be used indoors.
Also, they have given they will be using a
spring with a given spring constant. We need

to ensure that this toy is safe and fun and can

launch a soft small bean bag projectile of a
weight of 0.04 kg.
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CODE DESCRIPTION

ldentify Problem, Criteria &
Constraints, Brainstorm Multiple
DT Solutions, Iterate, Consider
assumptions & approximations,
communicate ideas.

ldentify related physics ideas,

PC
& surroundings; cause & effect,
scale, rate of change

Mathematical relationships,
equations, concepts, identify

concepts, and principles; systems

MC variables & constants, proportional

reasoning, units, equation
manipulations

Reflect of design and solutions,

MR science ideas being applied,

monitor progress toward solution

FUTURE WORK

* |nvestigate lack of mathematical
constructs in both ED challenges.

* ‘Design Science Gap' [3] in ED2 --
merits Further investigation.
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