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Introductory physics labs:

WE CAN DO
BETTER

Research reveals that labs are more effective

when their goal is to teach experimental practices

rather than to reinforce classroom instruction.

Physics Today 71, 1, 38 (2018); doi: 10.1063/PT.3.3816
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Stanford University’s Study
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“These overly structured labs have been
criticized for stifling students’ use of cognitive
and metacognitive skills [4,12,13],

“1mpeding students’ epistemologies regarding
the nature of experimentation and scientific
measurement [14—-16],

“and being generally “uninspiring” [17]. *

N. G. Holmes, J. Olsen, J.L. Thomas and C.E. Wieman, Value
added or misattributed? A multi-institution study on the

educational benefit of labs for reinforcing physics content, Phys.
Rev. Phys. Educ. Res. 13, 010129 (2017).



Goals range over
reinforcing content,
learning about measurement and uncertainty,
practicing communication skills,
developing teamwork skills,

more broadly, learning that physics 1s an
experimental science.
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Nature PhySicS | VOL 17 | JUne 2021 | 662-663
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Best practice for instructional labs

Undergraduate labs are more effective and
more positive for students 1f they encourage

investigation and decision-

making, not verification of textbook
concepts.
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222 Rutgers University Physics and Astronomy

Education Research group
https://sites.google.com/site/scientificabilities/rubrics

RUBRIC C: Ability to design & conduct an experiment to test an idea/hypothesis/explanation or mathematical relation
Scientific Ability  Missing Inadequate Needs improvement |Adequate

C1[ls able to identify |No mention is \An attempt is made to identify the The hypothesis to be tested is The hypothesis is clearly stated.
the hypothesis to bemade of a hypothesis to be tested but is described |described but there are minor
tested hypothesis. in a confusing manner. omissions or vague details.

C2[Is able to designa |The experiment  |The experiment tests the hypothesis, but {The experiment tests the The experiment tests the
reliable experiment does not test the  due to the nature of the design it is likely |hypothesis, but due to the nature hypothesis and has a high
that tests the hypothesis. the data will lead to an incorrect of the design there is a moderate |likelihood of producing data
hypothesis judgment. chance the data will lead to an  |that will lead to a conclusive

inconclusive judgment. judgment.

C4ls able to makea  |Nopredictionis  |A prediction is made but it is identical to |Prediction follows from A prediction is made that
reasonable made. The the hypothesis, OR Prediction is made hypothesis but is flawed because * follows from hypothesis,
prediction based on experiment is not |based on a source unrelated to * relevant experimental * is distinct from the
a hypothesis treated as a testing hypothesis being tested, or is completely [assumptions are not considered |hypothesis,

experiment. inconsistent with hypothesis being and/or * accurately describes the
tested, OR Prediction is unrelated to the |* prediction is incomplete or expected outcome of the
context of the designed experiment. somewhat inconsistent with designed experiment,
hypothesis and/or * incorporates relevant
* prediction is somewhat assumptions if needed.
inconsistent with the experiment.

C5(Is able to identify = |No attempt is made |An attempt is made to identify Relevant assumptions are Sufficient assumptions are
the assumptions to identify any assumptions, but the assumptions are identified but are not significant |correctly identified, and are
made in making the assumptions. irrelevant or are confused with the for making the prediction. significant for the prediction
prediction hypothesis. that is made.

C6Is able to determine No attempt is made |The effects of assumptions are mentioned|The effects of assumptions are  The effects of the assumptions
specifically the way [to determine the  but are described vaguely. determined, but no attempt is are determined and the
in which effects of made to validate them. assumptions are validated.
assumptions might jassumptions.
affect the prediction

C7|Is able to decide No mention of |A decision about the A reasonable decision about the |A reasonable decision about the
whether the 'whether the agreement/disagreement is made butis |agreement/disagreement is madejagreement/disagreement is
prediction and the |prediction and not consistent with the outcome of the  |[but experimental uncertainty is |made and experimental
outcome outcome experiment. not taken into account. uncertainty is taken into
agree/disagree agree/disagree. account.

C8|Is able to makea  |Nojudgmentis |A judgment is made but is not consistent |A judgment is made, is consistent |A judgment is made, consistent
reasonable made about the with the outcome of the experiment. with the outcome of the with the experimental outcome,
judgment about the hypothesis. experiment, but assumptions are |and assumptions are taken into
hypothesis not taken into account. account.




st = | B e ED
BA BT AHATR R TRENZFE

FHEREN 2 R FuE A
HEEREE | REARRRE | MR FMER | B EREH | 3R LR Fu
BRI & f’ﬁrfﬁ % HE éF'J»”:EJFH fif) T 7F 7R H# B Ak
AT RS | FRGRIT AR | BRI R | BRI | BT R4
BRI FIRL %‘Miﬂfa i éﬂj%‘ﬁfiﬁ%‘% 7 Ef?_%%?a? Bl L Bl d B35

AERMIE | FRME B | EHERS ﬁ%%ﬁ%w m%%ﬁ%ﬂ
EREHKEGME | RLER A48 0 AWBSERSE | EWBERY
FREITHER | S48 HERIER | BERIBEB{E | EREB o
4 R GE R & T E x| FEBEHMARE | A Af
ARG B | AL FORR 2 RAR | BEUERE R | AU FAR
R B S TARAREIE | EAFHELER | BRWELER




RubricsggsT- R85 |GRIE

_}_

REEFTEReIRS
AR E R FRENNE

JE MRS RARIETR
S J%&T&Eﬂ%ﬁz})gﬁir
A Z AR S AT
HEE Zi%fe%.iﬁébﬁﬁa%'rék

SE IR IABURE S e
) e

CC
LL

Hﬂilﬂl I
E] A

=
g

ETE
St

alll

TNCE =
“ﬂ

CC

LL
1j
%

=

o
=

CC



RrEfElR 2 :

RS 2

Three way - :

ANAVO § 2; : /l\l\.

] . = =
RS
s Re T S T I s S
I:I:F$XJ 247 N s
,%EEU%EE\: 3.2 ) _\./-/-\-
3.0 1 \ ]
geaahl ey e
1 2 3 4 5 6 7 8
IHH

At the 0.05 level, the population means of Bl are significantly different.

At the 0.05 level, the population means of A5l are significantly different.

At the 0.05 level, the population means of B are significantly different.

At the 0.05 level, the population means of gERI * $# 51 are significantly different.

At the 0.05 level, the population means of 5l * B H are significantly different.

At the 0.05 level, the population means of g5 * BB are significantly different.

At the 0.05 level, the population means of FERI * #i5 * BB are not significantly different.
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Data & analysis: Conversion Ejﬁciency

Linear Kinetic Eﬂfrgy
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Data & Analysis: Air Resistance
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Program Simulation: Bernoulli’s Principle
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Topic: Sound v.s. Fire

Ji B Fﬂl‘%%b‘%—%’? W~ B mEs— R ER R Y
PR% E%/m)ﬁ) b AR ( )

P2 & Ry BB R bk - i SR AN
R EAR 0 BN EEER AR

MR = B E B R ()

B BRI L A E
e o R AL B IR FE TS AL AEAS 2

fhax =: k(5 E BT

HAEE Z AR E R
Mt an A ML £ - S5 R B AE TR




Hypothesis 1 ---- FHEf &R

. FEBASE R

2

Sr B
*' BB
v = A
H

AEE AT L RIGIREN B/ o R
SR SRR E © KIGERBIUIR - KBS

B EAE > 300HFR TS EF » XIGHET)
Iﬁﬁ/J\’ RSV




o
el

L &
v
v
v

Hypothesis 2 ---- B &

o« B ERIEL > MABERE R AY 2
> RIERKMAER < RMEFT 5 1LAE
- BIEIARE - RIGIE

o IMEILGABLR (FHR LA F)
- WmIEA N EREREIBIE - & A KERIRA

o fEaS AR i Pl 2 1 Ak L



Hypothesis 3 ---- i

o i H BN AR A G BN D A R R ik

o BURT T EE A 0 PRAE B R B RY 77 e 0 SR i Sk Ll 1) B2 48K
o) B A — 1R A Az 72
—> JRJBE T M T P e B T AR IR A AR




Hypothesis 3 ---- X9

o TSI IE IR A

o ALIMARIRIR

o T Ml ZR g5

» tracker & matlab

o Vo 2 il DA T A AR I R 0 G R B



25 SiutRER I RIREI R ERRA ZRIFIR
gB[E]

Phase Difference vs. Frequency Phase Difference vs. Frequency at Different Decibel Levels
—— Phase Difference — 0 dB
=== -90 Degrees — 20dB
751 ===~ 0 Degrees 751 — 40dB
— 60dB N
—-== -80 Degress S
50 1 50 1 ==~ 0 Degrees ~

3 7 T
- g 25 S
o 25 o 1
e 1
. g
§ g 9]
£ £
8 a

_25 =
i 3
£ £

-5[} .

_'}'5 -

100 150 200 250 300 350 400 450 500 100 15.0 ?(’)D 250 SI;ICI 350 dtl]ﬂ 4;0 500
Frequency (Hz) Frequency (Hz)




nom: AJEErNE T BEE

U TFmid B AERRERNEHIREREZ RIS
ngibﬁil_(ﬂ*nik%%SA BB A RS
52

BHBEFTTGROAN, B EETIRRES
1RI(

40/52{p B RIER N AR EEE RIS,
L33 AESRAEAR B EIRFIVAE, TAR

B RN I NR RSB ST,




g
allp
=l
il
N
liml
(1]

T
K
L
L
X
/

L\l
R

FEARE =R
2 R R BT

24/52BFIRHR B I EISES, 2 B1EE
{t{FIFE RS RVEE TR,

S 2R AL :%‘i%i' FEERERMY, KIS
F:mbywa

E

\J

=B

19/52 2 8RR FEIBIEA T B 23
RYENT], PSORIRHEN R

11
:IEE:EE
Y
Il




B
;
5

FHTE SRR

35,@;3] 5T S
e R

Nt
S S5 |
e |
o i |
¥ R e
st |
i |
A |
ST |

RENH



IR



Data & analysis: Linear Kinetic Energy

Uniformly Strecched
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N. G. Holmes, J. Olsen, J.L.. Thomas and C.E. Wieman, Phys.

Rev. Phys. Educ. Res. 13,010129 (2017)
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