
Week 6 experiment: Earth’s Magnetic Field 

Compass inside narrow coil of current-carrying wire (right).  
a)  Take and interpret a high quality data set across the range of angle deflections 

-> Model clearly breaks down at large angles 
b)  Evaluate model in light of data in a) 
c)  Take new data set within limits of model 

-> ‘Revised’ model subtly breaks down only with high quality data 
 

Coding[3,4] 
•  Evaluating models: 

•  DNE = Did not evaluate the model 
•  ID = Identified a disagreement between the model and their data 
•  PI = Physically interpreted the disagreement 

•  Evaluating data:  
•  1 = Presented results/analysis with no interpretation 
•  2 = Interpreted results 
•  3 = Synthesize multiple components (or proposed something new) 
•  4 = Evaluated the synthesis (or carried out proposal and evaluated) 

Students are more likely to reach level 3 or 4 when their results come out differently than expected[3,4]. 
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Our recent study [1] demonstrated that labs offered no added value to learning the lecture material. In this 
study, we replicate the analysis in [1] for a lab course focused on evaluating data and models 
 

Methods 
•  Measure of content learning = 20 multiple-choice final exam questions 
•  To normalize for selection effects in who enrolls in the lab course, calculate the following 

ratio: 

ratio = %score on lab-related items
%score on non-lab-related items

!
"
#

<1 Student did worse on lab items
=1 Student did equally well on both
>1 Student did better on lab items

Still NO  
(In the modified version) 

# items Did not take lab 
(n=317)  M(SD) 

Took lab 
(n=126)  M(SD) 

Lab related questions 7 72% (18%) 78% (19%) 

Non-lab related questions 13 74% (13%) 78% (13%) 

Average Ratios   0.99 (0.26) 1.01 (0.25) 

Difference between ratios (p=.464) 0.02±0.03 

Part 1: Do labs teach physics content? 
b. A Helmholz pair is a pair of identical current-

carrying coils that are placed symmetrically about an 
object of interest (in our case, the glass tube) along a 
common axis.  Derive an expression for the 
magnetic field on axis at the center of a pair of 
Helmholz coils (N turns, current I) of radius R, 
separated by a distance R.  See Knight example 
33.5 and the following paragraph where they  
derive the field of a single loop along the axis; and  the 
field from an N-turn coil only at the center.  The 
question in this pre-lab is asking you for the field 
from two N-turn coils at z=R/2 where z=0 
corresponds to the center of the left coil.
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http://en.wikipedia.org/wiki/Helmholtz_coil
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Context & Participants 
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Students 
who took 

lecture 
(n=443) 

Students 
who took 

lab (n=126) 

Students 
who did not 

take lab 
(n=317) 

•  3 hours per week 
•  Led by faculty member 
•  ~200 students 

Lecture 

•  2-hour weekly sessions 
•  Led by one TA 
•  ~20 students 

Discussion 

•  2-hour weekly session 
•  Led by one TA 
•  ~15 students 

Lab 

•  Pre-lab: Data analysis tools 
•  In-lab: Critical thinking about data 

and uncertainty 

Experiments 1-4 

•  Pre-lab: Conceptual modeling 
•  In-lab: Critical thinking about 

models and experiment 

Experiments 5-9 

Modified lab course 
•  Same course as in [1] (same apparatus and 

experiments) 
•  Restructured to focus on: 

o  Analyzing and interpreting measurements and data 
o  Connecting measurement and data with models 
o  Evaluating and refining models based on data and 

assumptions about the system  
See [2-4].  

Part 2: Do labs teach evaluating models and data? 

Maybe 
(They’re at least doing it) 

a) Clear disagreement with model: 
 high reflection

c) Subtle disagreement with model: 
 lower reflection

0

20

40

60

1 2 3 4 1 2 3 4
Maximum reflection level

N
um

be
r o

f s
tu

de
nt

s

Bcoil  
(at center) 

B’Earth’  
(across coil) 

Direction  
of compass  

a) Clear disagreement with model: 
 Many students evaluate model

b) Prompted evaluation of model: 
 Nearly all students evaluate model

c) Subtle disagreement with model: 
 Some students evaluate model
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