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Setting: Amsterdam University College

• Small liberal arts & sciences college

• ~100 “science” majors per year

• Limited lab course offerings

• No in-house laboratories

Goals:  

• Serve multi-disciplinary science students

• Experience research cycle
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Constraints in & of science labs
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“Doing science” involves constraints:

• Constraining other variables & environmental noise

• Constraints of tools (precision, accuracy, sampling rate, time)

• Constraints of mathematical models

Giving lab courses involves constraints:  

• Class-room space

• Limited (functioning) equipment

• Limited contact time
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My path to “open inquiry”

(doing science)
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Rocket project in classical mechanics

“Three dimensional project”:

• Theory

• Numerical simulation

• Experiment
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My path to “open inquiry”

Teacher’s effort
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• Not effective

• Open inquiry

is advantageous

Slide from Cornell Professor Holmes’ AAPT New Faculty Workshop presentation, 2017

Learning goals:  Hofstein & Lunetta, Rev. Educ. Res. 52(2), 201–217, 1982 and Sci Ed 88:28–54, 2004

Ineffectiveness:  Holmes, Olsen, Thomas & Wieman, Phys. Rev. Phys. Educ. Res. 13, 010129, 2017

Open inquiry: Wilcox & Lewandowski, Phys. Rev. Phys. Educ. Res. 12, 020132, 2016

Learning goals of science labs?
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Empirical scientific inquiry is …

Holmes & Wieman, Phys. Rev. Phys. Educ. Res. 12, 020103 (2016).
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Empirical scientific inquiry is …

Holmes & Wieman, Phys. Rev. Phys. Educ. Res. 12, 020103 (2016).

How 

to

guide 

students

in 

doing
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Choice for enabling open inquries:

(many based on solid-state and MEMS technologies)

work at home   

using sensors 

controlled by

Arduino Unos:

• safe

• cheap

• large choice of modern sensorsAPS
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Large choice of modern sensors!
(many based on solid-state and MEMS technologies)
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many more options 
with microcontrollers, 
including:

• Ultrasound sonar
• IR break beam
• Soil moisture sensor
• Gas sensors
• Geiger counter board
• Heart rate sensor
• Skin conductance sensor 
• EMG/EKG board with amplifying electronics
• etc…
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Open inquries and student agency:

• Epistemic agency (define research questions)

• Decision making agency (design experiments)
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Timeline of AUC’s Maker Lab course

skills training 1st open inquiry
@home
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skills training 1st open inquiry
@home

2nd open inquiry
@home
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skills training
@home

1st open inquiry
@home

2nd open inquiry
@home
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Timeline of AUC’s Maker Lab course
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Results

• Student ownership & responsibility

• Control over entire cycle, instructors cannot take the reigns

• Authentic training in science communications

• Pandemic resilience

• Flipped teaching, open inquiries, and Maker tools

and their synergies and interdependencies

• Focus on science and sense-making

• Individualized help with more difficult parts of research process

• “Instructor” transformed into “Supervisor”
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Learning goals of science labs?
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“Doing science” involves constraints:

• Constraining other variables & environmental noise

• Constraints of tools (precision, accuracy, sampling rate, time)

• Constraints of mathematical models

Giving lab courses involves constraints:  

• Class-room space

• Limited (functioning) equipment

• Limited contact time

•Background

•Motivations 

•Challenge

•Choices 

•Structure 

•Results

Constraints in Physics Lab Courses 
the Good, the Bad, and the Pandemic
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Thanks for your attention!

Publications:

• Published article:  F. R. Bradbury & C. F. J. Pols  “A pandemic-

resilient open-inquiry physical science lab course which leverages 

the Maker movement”, https://ejrsme.icrsme.com/article/view/20416

• Open-source course materials:  https://github.com/forrestbradbury/MakerLab
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First round of projects

Second round of projects

2020 Maker Lab Open Inquiry Projects
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• How does music tempo influence human heart rate, and is the effect genre dependent?

• How does biochar influence soil moisture retention?

• Does the stress of challenging games have physiological correlations (heart rate & skin 

resistivity)?

• Comparing the light transmission through synthetic and natural nail polishes.

• Do someone’s night sounds display expected sleep cycle periodicities?

• Do sport drinks affect muscle fatigue, as measured by median frequency of the EMG 

power spectrum?

• Do air pollution levels in several categorized locations depend on green space and/or 

urbanization density?

• How does coffee cup size/shape/material affect rate of cooling?

• Measuring UV radiation dependence on humidity.

• Comparing magnetic field distributions from differently shaped solenoids

• Still to come!

2021 Maker Lab Open Inquiry Projects

First round of projects

Second round of projects
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