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*Background Co-author:
«Motivations Freek Pols Delft University of Technology (NL)
*Challenge _ S
«Choices Setting: Amsterdam University College
*Structure « Small liberal arts & sciences college
*Results «  ~100 “science” majors per year
* Limited lab course offerings .
* No in-house laboratories m
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APS « Serve multi-disciplinary science students
March Meeting « Experience research cycle
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*Background “Doing science” involves constraints:
*Motivations . : : :
-Challenge « Constraining other variables & environmental noise
Clelaes « Constraints of tools (precision, accuracy, sampling rate, time)
LS « Constraints of mathematical models
*Results o _ _

Giving lab courses involves constraints:
« Class-room space
« Limited (functioning) equipment
« Limited contact time
APS
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-Challenge Rocket project in classical mechanics
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-Structure “Three dimensional project”:
*Results . Theory
* Numerical simulation
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My path to “open inquiry”

Student learning
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Hofstein & Lunetta (1982; 2004)

*Background
*Motivations ]
Challenge * Not effective N
. Interest and
y ChOICeS motivation cm.d P'°b."?‘?“
solving abilities
Structure
*Results O : :
o
pe n I n q u I ry Understanding
] Scientific the nature of
IS ad Vantag eous habits of mind science and
measurement
Slide from Cornell Professor Holmes’ AAPT New Faculty Workshop presentation, 2017
APS Learning goals: Hofstein & Lunetta, Rev. Educ. Res. 52(2), 201-217, 1982 and Sci Ed 88:28-54, 2004
March Meeting Ineffectiveness: Holmes, Olsen, Thomas & Wieman, Phys. Rev. Phys. Educ. Res. 13, 010129, 2017

J01.00004 Open inquiry: Wilcox & Lewandowski, Phys. Rev. Phys. Educ. Res. 12, 020132, 2016 7
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*Challenge
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«Structure Sxperiments
O ReSU ItS . . Constructing
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Visualizing Data
Communicating
Physics
APS -

Report prepared by a Subcommittee of the AAPT Committee on Laboratories

M arCh M eetl ng Endorsed by the AAPT Executive Board
November 10, 2014
J01.00004



Amsterdam
University
College

UC Empirical scientific inquiry is ...

-Bac}(gr(_)und Cognitive Task Analysis Elements
*Motivations . -
1. Establishing research goals
Challenge i : .
«Choices 2. Defining criteria for suitable evidence
*Structure 3. Determining feasibility of experiment
*Results 4. Experimental design
5. Construction and testing of apparatus/code
6. Analyzing data
7. Evaluating results and analyzing implications
K. Presenting the work
APS

March Meeting
J01.00004 Holmes & Wieman, Phys. Rev. Phys. Educ. Res. 12, 020103 (2016).



Amsterdam
University
College

UC Empirical scientific inquiry is ...

1. Establishing research goal: What are the goal(s) d. Developing detailed data acquisition strategy: How c. Calculating the statistical uncertainty.
and question(s) of the research?* much data to take and over what parameter ranges, d. Calculati=asta ic uncertais as needed (of-
a. Deciding if the goal is interesting, timely, worthwhile, how! accumulate data in each measurement, in cauy GUie . artof the data acquisition strategy).
etc. wcorder«hings measured, which measurements WP e aliiatiic ssiittsty
[ ) B aC k rO u n d b. Predicting if the goal s sufficiently ahead of current J?J:?;;;:';T:; :l. ‘\ota‘ ??::‘:ﬁ:&ﬁ:i::‘::ufm e (Zheckifg the results, w. 1 they come out differently
knowledge to be interesting but not so far ahead that it PIEC ORI CICINE gt than expected. Thisinvoi_ calling on complex men-

might have too’ " zh a risk of failing or be ignored. quantities need not . measured. This mustt* into

. R _ account constraints o me, clarity of resu!  all po- tal models Incorporating b ofgause and effect
Evaluating wh' er the research question is consistent

. .
[ ) i e 5 tential statistical and sy.  matic uncertain s, and relanonshlpsi strale‘gm for Saiying relevant and
with the const  nts on funding, auipment, and irrelevant information, <. attern recognition

the importance and requi. aents for dist.  uishing

o

laboratory ca; ity, including s sonnc between different potential\ erpretation{ iresults and search algorithms. (Alsc lly involves extensive
2. Defining critel  for suitabl¢ vidence. ciding (This step is repeated/revisea er perform ‘e of ap- sdditional data coum.“m' nCY ’“'""“ madification
[ i 53 5 ¥ A % of apparatus and redoing data collection.)
what will constit suitable evi¢ ce to achieve > goal by paratus has been measured.) . "
developing and/.utilizing exi’ it criteria: i : o . Testing dasa that come out as expected. Identify redua
. A X 5. Construction and testing of ap, ratus*: dant tests for possible gpaats
° a2 ‘:Vh": data yShld be cony¥ing given the st¥jof the a. Deciding who should build the var. s parts and
I field? what schedule (in-house, purchases  dard parts,
b. Whatvaria  sareimp .antand how mig they be snecial construction by outside comp.  es, etc.). Re- 8.
measureda  control 7 o ‘an and application of tre._ -offs of cost, :
[ ] St r u Ct u re c. Whattypes experi ntal controlsand .ecks wou’ construction €., ‘ise, time, degree of ¢ fidenceas to . 2
i st or experimer
needtobeii lace? specific design det.
3. Determining fe_ ity of experime b. Developing criteriaa  test procedures fo  raluation 9. Pre:e“nting "(71 -
® R eS u I tS a. Predicting whe Jrnotitisrealis ully pos  leto of the apparatus comy, ents as they are co| leted. & do ,°|“ Stany ,a
carryouttheexp  ment,and, ifit’ analyzi' the <. Collecting data on per. mance of specific ¢ apo- :\e ‘:ﬁ ':;" =
scaleoftimean¢ (. require’ .d deci if these nents and full apparatu b 5 n;e' ohs OT
are reasonable. nisinve. .uore detail  reitera- 1. Developing procedures - tracking down th  burce - Expl ‘“f"; & ‘fo
tion of 1.c.) of malfunction when th. dividual compon s or ness of the \.»or
b. The research¢ nust also analyze continge y op- the assembled apparatus ) not performas ¢ igned. .
tions, ifther ts of the experimentare 1 what is This necessarily involves ep familiarity w  _ the re- Rseietes
4 = 2l y < . significance.
hoped for. V' the data produced still pr.  de novel spective hardwareanda  ertoire of tror’  _shooting
publishable formation? Will the result! 10w how to regimes that are hig}“)’ sl ific to.t.he fi’ . theappa Cognitive Task Analysis 3
improve th  pparatus to achieve condit  is needed to tus, and the approach bei  used. = n
obtainhoj  i-for results? e. Figuring how to modify | ticula® .rts, orovera® p- 1. Establish :.m.: research }‘,Ukllh
2 . paratus, as needed accorc x** st results. >
4. Experimer_ | design & R, ey @ - P . 3 G 5
a. Explora 1 of many possible prelimir y desitre- f. Reiterate dataacquisition  egy 4.d., taking i’ ac- 2. Defining criteria for suitable evidence
quires ¢ r definition of the optimum == i analy- cm»ml actual perforzy finished apparay sie . T &
sisofth Iternative designs). g. After completio” itecti  experimental ¢ 1. 3. Determining lL‘a.Slhl]liy of experiment -
b. Analyzi relevant variables ** .y dtosystem- 6. Analyzing.« . y ) TR s :
atic errolmasulia -pretation his requires a. Mo thedatabysuita  mathema’ . forms, 4. Experimental design O I I l
having compiex cause and effect model r the experi- _.uding deciding whicha  roximat’ s are justified (R o PO p ik P
ment. (Will be repeated after measuring sformance. and which are not. 5. Construction and testing of apparatu
of the apparatus.) b. Deciding on what statistical . 2 methods and pro 6. Analyzing data n
A P E ; c. Finalizing the design, taking into account construction cedures are appropriate. N - 7
detalls and performance requirements of each compo- 7. Evaluating results and analyzing implications
nent. Often requires bringing in additional expertise. ‘ "
March Meetlng 8. Presenting the work

J01.00004 Holmes & Wieman, Phys. Rev. Phys. Educ. Res. 12, 020103 (2016). 10



Amsterdam

University

College
*Background
*Motivations
*Challenge
*Choices

*Structure
*Results

APS
March Meeting
J01.00004

Choice for enabling open inquries:

work at home
using Sensors
controlled by
Arduino Unos:

- safe

* cheap

- large choice of modern sensors
(many based on solid-state and MEMS technologies)
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e Large choice of modern sensors!

(many based on solid-state and MEMS technologies)

*Background

*Motivations P;Z)::,irty — — Ten:::;z:ure
°Cha!lenge many more options Li;\t:tgf:stor._l. P:::Z:rre
:g{:ﬁgleﬁe yvith m icrocontrollers, e ———¢ NI
Results includi ng: GPS sensor —1 j S Magnetometer

* Ultrasound sonar

* IR break beam

* Soil moisture sensor
* (Gassensors

* Geiger counter board
* Heart rate sensor
APS e Skin conductance sensor

*  EMG/EKG board with amplifying electronics

Accelerometer &— —® Gyroscope

é
Humidity sensor O—J Microphone l—’ Touch sensor

March Meeting
J01.00004 *  etc. 12
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Open inquries and student agency:

- Epistemic agency (define research guestions)

« Decision making agency (design experiments)
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Timeline of AUC’s Maker Lab course
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-Background ° Student ownership & responsibility

*Motivations « Control over entire cycle, instructors cannot take the reigns
°Cha!lenge « Authentic training in science communications

*Choices

*Structure _ -

*Results * Pandemic resilience

* Flipped teaching, open inquiries, and Maker tools
and their synergies and interdependencies

* Focus on science and sense-making

':‘/IPS h Meet « Individualized help with more difficult parts of research process
arc eetln . ) . )
J01.00004 ’ * ‘Instructor” transformed into “Supervisor .
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Challenge onsaining o Joen inquiries require studen
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P - Constraintsofmg  control and u
*Results
Giving lab courses involves constraints:
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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
APS the Maker movement”, htips:/iejrsme.icrsme.com/article/view/20416

March Meeting ~ « QOpen-source course materials: nhttps:/github.com/forrestbradbury/Makerlab
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2020 Maker Lab Open Inquiry Projects

First round of projects

building and improving the signal processing of an Arduno theremin

comparing water retention of alternative potting soils against those with unsustainably
harvested peat-moss

optically measuring heart rate and characterizing its post-exercise recovery to equilibrium
measuring color fidelity of a MacBook's screen with an RGB sensor

investigating the dependence of a photovoltaic cell's power on its illumination angle
pushing the Arduino's sampling rate for precision sound frequency determination

measunng local wind-speeds to determine suitable bee-habitat

Second round of projects

comparing signatures of bicep muscle fatigue between dominant and non-dominant arms with
median frequency evolution of the electromyography (EMG) power spectrum

building and characterizing performance of a swiveling Arduino sonar radar

comparing accelerometer measurements of a beam's fundamental oscillation frequency with
the Euler-Bernoulli model

comparing air pollution levels inside apartments on the road-side and courtyard-side of the
student residence building

mvestigating whether self-reported joke funminess correlates with EMG signals of facial
muscles

comparing two measurements of bread-dough rise/yeast activity: CO; gas sensing & volume
changes via ultrasonic ranging

studying effects of temperature on germination of cress seeds 21
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2021 Maker Lab Open Inquiry Projects

First round of projects

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

Second round of projects

Still to come!
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