
R E T H I N K I N G  
I N T R O D U C T O R Y  

P H Y S I C S  L A B  
C O U R S E S

N ATA S H A  G . H O L M E S
L A S S P  &  P H YS I C S , C O R N E L L  U N I V E R S I T Y

@ng_Holmes

ngholmes@cornell.edu

University of Toronto, 
February 9th, 2018

1



CORNELL PHYSICS 
EDUCATION RESEARCH LAB
PI:  Natasha G. Holmes

Visiting faculty: Michelle Smith

Postdoc: Emily Smith

Collaborator:  Carl Wieman

Grad students: 

Michelle Kelley

Jack Madden

Kathryn McGill

Katherine Quinn

Martin Stein

Ryan Tapping

Cole Walsh
2DUE-1611482- 01



GUIDING QUESTIONS

What should 
students be 

learning?

How will you 
know if/what 
students are 

learning?

What instructional 
approaches 

improve student 
learning?
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GUIDING QUESTIONS

What should 
students be 

learning?

How will you 
know if/what 
students are 

learning?

What instructional 
approaches 

improve student 
learning?

What are you 
trying to 
measure?

How will you 
measure it?

What variables 
are you going 

to change?
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W H AT  A R E  T H E  
G O A L S  O F  
P H Y S I C S  L A B  
C O U R S E S ?
T H I N K  :  
L I S T  S O M E  G O A L S  O F  I N T R O  P H Y S I C S  L A B S

P A I R  :  
D I S C U S S  T H E M  W I T H  Y O U R  N E I G H B O R

S H A R E :  
D I S C U S S  W I T H  T H E  G R O U P 5



1. 
Understanding 

scientific 
concepts

2. Interest and 
motivation

3. Practical 
skills and 
problem 
solving 
abilities

4. Scientific 
habits of mind

5. 
Understanding 
the nature of 
science and 

measurement

LABS 
GOALS
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Understanding 
scientific 
concepts

Interest and 
motivation

Practical skills 
and problem 

solving 
abilities

Scientific 
habits of mind

Understanding 
the nature of 
science and 

measurement

Hofstein & Lunetta
(1983; 2004)

LABS 
GOALS
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Hofstein A, LunettaVN (1982) Rev Educ Res 52(2):201–217.
Hofstein A, LunettaVN (2004) Sci Educ 88(1):28–54.
Singer SR, Hilton ML, Schweingruber HA eds. (2005)
Singer SR, Nielsen NR, Schweingruber HA eds. (2012)
Docktor JL, Mestre JP, Phys Rev ST- PER 10(2):20119. (2014) 

BUT

there has not been much published research on 
the effectiveness of laboratory curricula

8



Understanding 
scientific 
concepts

Interest and 
motivation

Practical skills 
and problem 

solving 
abilities

Scientific 
habits of mind

Understanding 
the nature of 
science and 

measurement

MANY 
LABS 
TARGET
Hofstein & Lunetta
(1983; 2004)
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STUDYING THE IMPACT OF 
LABS ON REINFORCING 
COURSE CONTENT

Research 
question

• Does taking a lab, designed to reinforce course material, 
improve student understanding of course material?

Conditions

• Students taking and students not taking the associated 
lab course (optional)

Assessment
• Final exam (lab-related and non-lab-related questions)

10
Holmes, Olsen, Thomas, & Wieman (2017) Phys. Rev. PER
Holmes & Wieman (2016) Am. J. Phys.



GUIDING QUESTIONS

Student 
learning of 
content

Final Exam
Taking the lab 
vs not taking 

the lab

What are you 
trying to 
measure?

How will you 
measure it?

What variables 
are you going 

to change?
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DEALING WITH SELECTION 
EFFECT

Students 
who take
the lab

Students who 
do not take 
the lab

≠
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Score on lab-
reinforced questions

Score on non-lab-
reinforced questions

(All content covered in lecture/discussion, 
some further reinforced in labs)

LAB RATIO
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HYPOTHESIS

Score on lab-
reinforced questions

Score on non-lab-
reinforced questions

Lab 
students

Score on lab-
reinforced questions

Score on non-lab-
reinforced questions

No-Lab 
students

>

14



MULTI-INSTITUTION, 
MULTI-COURSE STUDY

• Small, private, elite research-based institution in California

Institution 1:

• Large, public research-based institution in Northwestern US

Institution 2:

• Medium, public research-based institution in southwestern 
US

Institution 3:

Jack Olsen 
(UW)

Jim Thomas 
(UNM)

Carl Wieman
(Stanford)

Holmes, Olsen, Thomas, & Wieman (2017) Phys. Rev. PER 15



MULTI-INSTITUTION, 
MULTI-COURSE STUDY
Differences:
• Different populations of students
• Varied instructional approaches
• Mechanics and E&M courses
• Different instructors

Similarities:
• All shared the goal to reinforce material in the rest of the 

course
• Labs were designed to achieve that aim (e.g. making 

predictions, comparing results to predictions, etc.), 
generally quite prescribed
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Holmes, Olsen, Thomas, & Wieman (2017)

Score on lab-
reinforced questions

Score on non-lab-
reinforced questions

Institution 1 Institution 2 Institution 3

Lab Students
Non-lab students

1 2         3 1 2        3          1         2        3   
Course 17
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Score on lab-
reinforced questions

Score on non-lab-
reinforced questions

Institution 1 Institution 2 Institution 3

Lab Students
Non-lab students

Prediction:

1.Lab students will outperform non-lab students
2.Non-lab students will outperform lab students
3.Weird pattern that we’ll have to make sense of
4.No difference
5.Other?
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L A B S  A R E  N O T  
P R O V I D I N G  
M E A S U R A B L E A D D E D -
V A L U E T O  L E A R N I N G  
C O U R S E  C O N T E N T
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MORE EFFICIENT
(MANY CAVEATS):
Interactive Lecture Demos!

• Predict-observe-explain methods are very effective 
and more efficient (15 minutes?)

– Miller,  et al. Phys. Rev. ST-PER (2013). 

Simulations!

• Better than hands-on and can be done cheaply, at 
home, etc.

– Finkelstein, et al. Phys Rev ST-PER (2005) 
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STUDENT ATTITUDES TOWARDS 
EXPERIMENTAL PHYSICS

Colorado Learning Attitudes about Science Survey for 
Experimental Physics
• Zwickl et al. (2014) Phys Rev ST – PER

Do students agree with statements about experimental
physics? Scores aligned with expert responses
• When doing an experiment, I try to understand how the 

experimental set up works.
• Agree

• When doing a physics experiment, I don't think much about sources 
of systematic error.
• Disagree

22



STUDENT 
ATTITUDES 
TOWARDS 
EXPERIMENTAL 
PHYSICS
Positive shift means 
attitudes & belief 
become more expert-
like

Wilcox & Lewandowski 
(2017) Phys. Rev. PER 13, 
010108

averages for the skills- and concepts-focused courses,
which is conceptually consistent with our expectations
for how these courses might compare.
Between skills- and concepts-focused courses, there

were statistically significant differences (Mann-Whitney
U and Holm-Bonferroni corrected p < 0.05) for one or
more items in four of the five categories (see Table I). With
respect to the types of investigations used, instructors in
concepts-focused courses reported asking their students to
“verify known physical principles through experimental
tests” more often than instructors in skills-focused courses.
This suggests that skills-focused courses included fewer of
the so called “verification labs.” In terms of student agency,
instructors in skills-focused courses reported asking their
students to “develop their own research questions,” “choose
their own analysis methods,” and “troubleshoot problems
with the setup or apparatus” more often than instructors in
concepts-focused courses. This implies that, overall, skills-
focused courses provided more opportunities for students
to take agency during lab activities. In the category of data
analysis and visualization, instructors in skills-focused
courses reported asking their students to “quantify uncer-
tainty in a measurement” more often than those in
concepts-focused courses. There were no statistically sig-
nificant differences in how often instructors in skills- and
concepts-focused courses reported asking their students to
engage in particular modeling activities.
With respect to communication activities, the aggregate

data set showed statistically significant differences in the
reported frequency for three of the four items—give oral
presentations, maintain lab notebooks, and read journal
articles. However, because of the greater representation of
BFY courses in the skills-focused group (see Table II), we
also looked at comparisons of instructors responses in the
FYand BFY courses separately. The trends were similar for
all activity categories except communication. Separation of
the FY and BFY courses showed that BFY instructors in
both types of courses were more likely to ask their students
to “give oral presentations” and “read journal articles.”
Thus, the apparent differences in instructor responses to
these items in skills- and concepts-focused courses were
actually artifacts of the differential representation of BFY
courses among these two groups. However, in both FY and
BFY courses, skills-focused instructors reported asking
their students to “maintain a lab notebook” more often than
instructors in concepts-focused courses.
To summarize the trends highlighted in this section,

instructors in skills-focused courses used fewer verification
labs, provided more opportunities for student agency, and
more often asked students to quantify uncertainty in a
measurement and maintain a lab notebook.

III. RESULTS

This section presents findings with respect to whether a
focus on skills development or concept reinforcement was

accompanied by improvements in students’ postinstruction
E-CLASS responses using raw scores and an ANCOVA.

A. Developing lab skills versus
reinforcing physics content

To identify overall trends in the data, we begin by
looking at students’ raw overall E-CLASS score both pre-
and postinstruction. Table III reports average scores for
all students, and Fig. 1 offers a visual representation of the
shifts in these scores. Because the aggregate trends are
dominated by the FY courses, Table III also reports scores

FIG. 1. Visual representation of pre- to postinstruction shifts in
E-CLASS scores from all courses in the data set, as well as for
the FY and BFY courses individually. Differences in the pre- and
postinstruction score distributions are statistically significant in
all cases except for those of the BFY students in the concepts-
focused and both-focused courses.

TABLE III. Overall E-CLASS scores (points) for students in
courses focusing on developing skills, reinforcing concepts, or
both in the full, aggregate data set (N ¼ 4915) on both the pre-
and post-tests. Standard deviations for both pre- and postin-
struction scores for all sets of courses ranged from 6 to 8 points.
“Sig.” indicates the statistical significance of the difference
between students’ scores in courses focusing on skills relative
to those focusing on concepts.

Courses Skills Both Concepts Sig. Effect size

All N 719 3054 1142 " " " " " "
Pre 17.9 15.5a 17.7 p ¼ 0.2
Post 18.7 14.3 15.0 p ≪ 0.01 d ¼ 0.5

FY N 316 2651 1116 " " " " " "
Pre 16.9 15.0a 17.7 p ¼ 0.1
Post 17.6 13.7 14.9 p ≪ 0.01 d ¼ 0.3

BFY N 403 403 26 " " " " " "
Pre 18.7 18.2 18.5 p ¼ 0.9
Post 19.6 18.2 18.2 p ¼ 0.3

aThe preinstruction score for both-focused courses was
statistically significantly (p < 0.05) different from the
preinstruction scores for either skills-focused or concepts-
focused courses both in the FY courses and aggregate data set.

DEVELOPING SKILLS VERSUS REINFORCING … PHYS. REV. PHYS. EDUC. RES. 13, 010108 (2017)

010108-5
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LABS THAT AIM 
TO REINFORCE 
CONCEPTS 
DECREASE 
STUDENT 
ATTITUDES 
TOWARDS 
EXPERIMENTAL 
PHYSICS

averages for the skills- and concepts-focused courses,
which is conceptually consistent with our expectations
for how these courses might compare.
Between skills- and concepts-focused courses, there

were statistically significant differences (Mann-Whitney
U and Holm-Bonferroni corrected p < 0.05) for one or
more items in four of the five categories (see Table I). With
respect to the types of investigations used, instructors in
concepts-focused courses reported asking their students to
“verify known physical principles through experimental
tests” more often than instructors in skills-focused courses.
This suggests that skills-focused courses included fewer of
the so called “verification labs.” In terms of student agency,
instructors in skills-focused courses reported asking their
students to “develop their own research questions,” “choose
their own analysis methods,” and “troubleshoot problems
with the setup or apparatus” more often than instructors in
concepts-focused courses. This implies that, overall, skills-
focused courses provided more opportunities for students
to take agency during lab activities. In the category of data
analysis and visualization, instructors in skills-focused
courses reported asking their students to “quantify uncer-
tainty in a measurement” more often than those in
concepts-focused courses. There were no statistically sig-
nificant differences in how often instructors in skills- and
concepts-focused courses reported asking their students to
engage in particular modeling activities.
With respect to communication activities, the aggregate

data set showed statistically significant differences in the
reported frequency for three of the four items—give oral
presentations, maintain lab notebooks, and read journal
articles. However, because of the greater representation of
BFY courses in the skills-focused group (see Table II), we
also looked at comparisons of instructors responses in the
FYand BFY courses separately. The trends were similar for
all activity categories except communication. Separation of
the FY and BFY courses showed that BFY instructors in
both types of courses were more likely to ask their students
to “give oral presentations” and “read journal articles.”
Thus, the apparent differences in instructor responses to
these items in skills- and concepts-focused courses were
actually artifacts of the differential representation of BFY
courses among these two groups. However, in both FY and
BFY courses, skills-focused instructors reported asking
their students to “maintain a lab notebook” more often than
instructors in concepts-focused courses.
To summarize the trends highlighted in this section,

instructors in skills-focused courses used fewer verification
labs, provided more opportunities for student agency, and
more often asked students to quantify uncertainty in a
measurement and maintain a lab notebook.

III. RESULTS

This section presents findings with respect to whether a
focus on skills development or concept reinforcement was

accompanied by improvements in students’ postinstruction
E-CLASS responses using raw scores and an ANCOVA.

A. Developing lab skills versus
reinforcing physics content

To identify overall trends in the data, we begin by
looking at students’ raw overall E-CLASS score both pre-
and postinstruction. Table III reports average scores for
all students, and Fig. 1 offers a visual representation of the
shifts in these scores. Because the aggregate trends are
dominated by the FY courses, Table III also reports scores

FIG. 1. Visual representation of pre- to postinstruction shifts in
E-CLASS scores from all courses in the data set, as well as for
the FY and BFY courses individually. Differences in the pre- and
postinstruction score distributions are statistically significant in
all cases except for those of the BFY students in the concepts-
focused and both-focused courses.

TABLE III. Overall E-CLASS scores (points) for students in
courses focusing on developing skills, reinforcing concepts, or
both in the full, aggregate data set (N ¼ 4915) on both the pre-
and post-tests. Standard deviations for both pre- and postin-
struction scores for all sets of courses ranged from 6 to 8 points.
“Sig.” indicates the statistical significance of the difference
between students’ scores in courses focusing on skills relative
to those focusing on concepts.

Courses Skills Both Concepts Sig. Effect size

All N 719 3054 1142 " " " " " "
Pre 17.9 15.5a 17.7 p ¼ 0.2
Post 18.7 14.3 15.0 p ≪ 0.01 d ¼ 0.5

FY N 316 2651 1116 " " " " " "
Pre 16.9 15.0a 17.7 p ¼ 0.1
Post 17.6 13.7 14.9 p ≪ 0.01 d ¼ 0.3

BFY N 403 403 26 " " " " " "
Pre 18.7 18.2 18.5 p ¼ 0.9
Post 19.6 18.2 18.2 p ¼ 0.3

aThe preinstruction score for both-focused courses was
statistically significantly (p < 0.05) different from the
preinstruction scores for either skills-focused or concepts-
focused courses both in the FY courses and aggregate data set.

DEVELOPING SKILLS VERSUS REINFORCING … PHYS. REV. PHYS. EDUC. RES. 13, 010108 (2017)

010108-5

Positive shift means 
attitudes & belief become 
more expert-like

Wilcox & Lewandowski (2017) 
Phys. Rev. PER 13, 01010824



T H E  E X T R E M E  C A S E
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GUIDING QUESTIONS

What should 
students be 

learning?

How will you 
know if/what 
students are 

learning?

What instructional 
approaches 

improve student 
learning?

What are you 
trying to 
measure?

How will you 
measure it?

What variables 
are you going 

to change?
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Understanding 
scientific 
concepts

Interest and 
motivation

Practical skills 
and problem 

solving 
abilities

Scientific 
habits of mind

Understanding 
the nature of 
science and 

measurement

LABS 
TARGET
Hofstein & Lunetta
(1983; 2004)
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AAPT$Recommendations$for$the$Undergraduate$
Physics$Laboratory$Curriculum$
$

$
$

Report$prepared$by$a$Subcommittee$of$the$AAPT$Committee$on$Laboratories$
Endorsed$by$the$AAPT$Executive$Board$$

November$10,$2014$
$

Subcommittee$Membership$
$

Joseph$Kozminski$,$Chair$
Lewis&University&

&

Heather$Lewandowski$$
University&of&Colorado&Boulder$

Nancy$Beverly$$
Mercy&College&

$

Steve$Lindaas$
Minnesota&State&University&Moorhead$

Duane$Deardorff$$
University&of&North&Carolina&Chapel&Hill&

$

Ann$Reagan$$
IEC&Services&

$
Richard$Dietz$$

University&of&Northern&Colorado&
$

Randy$Tagg$$
University&of&Colorado&Denver&

$
Melissa$EblenOZayas$
Carleton&College&

$

Jeremiah$Williams$$
Wittenberg&University&

$
Robert$Hobbs$
Bellevue&College&

Benjamin$Zwickl$
Rochester&Institute&of&Technology&

AAPT 
Recommendations for 
the Undergraduate 
Physics Laboratory 
Curriculum (2014)
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QUANTITATIVE CRITICAL 
THINKING

The process through which you make decisions and
decide what to believe

Especially related to “believing” evidence, data, models, etc.
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LAB QUESTION: 
Does the period of a pendulum differ when 
released from different amplitudes (10° and 20°)?

10° 20°

vs

Holmes & Bonn (2015) The Physics Teacher
𝑇 = 2𝜋

𝐿
𝑔

�

30



10° 20°

vs

Holmes & Bonn (2015) The Physics Teacher

• Measure time for single period, T
• Repeat 10 times, find average, standard error

T= 1.84 ± 0.08 s T= 1.81 ± 0.08 s

Diff ~0.2𝜎

LAB QUESTION: 
Does the period of a pendulum differ when 
released from different amplitudes (10° and 20°)?

Case study:

𝑇 = 2𝜋
𝐿
𝑔

�
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What might a 
difference of 0.2σ 

mean?

1) The periods agree

2) The periods don’t 
agree

3) The uncertainty is 
too large

4) The uncertainty is 
too small

5) Other

32



𝑡′ =
𝑇01° − 𝑇31°
𝑈𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦

Small difference means values are close
AND/OR

uncertainty is large

What might a difference of 
0.2σ mean?

33



WHAT SHOULD THEY DO 
NEXT?

10° 20°

vs

Holmes & Bonn (2015) The Physics Teacher

• Measure time for single period, T
• Repeat 10 times, find average, standard error

T= 1.84 ± 0.08 s T= 1.81 ± 0.08 s

t′~0.2𝜎

Case study:
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WHAT DO THEY WANT TO DO 
NEXT?

1.Increase the number of trials
2.Measure more swings per trial
3.Use a photogate instead of a stopwatch
4.Measure another angle
5.Write it up, list their sources of error, then 

go home 

35



WHAT COULD THEY DO 
NEXT?

1.Increase the number of trials
2.Measure more swings per trial
3.Use a photogate instead of a stopwatch
4.Measure another angle
5.Write it up, list their sources of error, then 

go home 
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WHAT DID THEY DO NEXT?

1.Increase the number of trials
2.Measure more swings per trial
3.Use a photogate instead of a stopwatch
4.Measure another angle
5.Write it up, list their sources of error, then 

go home 
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WHAT DID THEY DO NEXT?

10° 20°

vs

Holmes & Bonn (2015) The Physics Teacher

• Measure time, t, for 20 periods
• Divide by 20 to get period, repeat average, 

standard error…

T= 1.830 ± 0.004 s T= 1.851 ± 0.004 s

t′~3.7𝜎

Case study:

38
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PERIOD AS A FUNCTION OF 
ANGLE

1.3
1.4
1.5
1.6
1.7

0 50 100

Pe
ri

od
 (

s)

Angle (degrees)
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W H AT  J U S T  
H A P P E N E D ?

41



DEFINITION

How did they 
decide what to 
believe?

Think-Pair-Share

(Think literally for 
now…)

The process through which you make 
decisions and decide what to believe

Especially related to “believing” evidence, 
data, models, etc.

CRITICAL THINKING

42



QUANTITATIVE CRITICAL 
THINKING

Make a 
comparison

Act on 
comparison

Reflect on 
comparison

43



What are you 
trying to 
measure?

How are you going 
to measure it?

What variables 
are you going to 
change?

What should 
students be 

learning?

What 
instructional 
approaches 

improve 
student 

learning?

What are 
students 
learning?

Why???



WHY 
ITERATIVE 
CYCLES 
WORK

• Comparisons help students make 
sense of results
• Agency and freedom to make 

decisions (and mistakes)
• Feedback and support to learn from 

decisions 

• Opportunities and time to revise 
and improve
• Situations where physics isn’t 

‘perfect’ (deal with disagreements)

Make a 
comparison

Act on 
comparison

Reflect on 
comparison

Gick & Holyoak (1980, 1983); Bransford et al. (1989); 
Ericsson et al. (1993); Bransford & Schwartz (1999); 
Kapur (2008)… 45



C A N  W E  G ET  A L L  
S T U D E N T S  
D O I N G  T H I S ?

46



ASSESSING 
COMPARISON CYCLES 
INSTRUCTION

Holmes, Wieman & Bonn (2015) PNAS

Control Group Experimental Group

N ~150 ~140

Time Weekly 3-hour labs over two semester

Experiments Same set of mechanics and E&M activities

Products Written lab book notes

Instructions to 
iterate/ 

improve
None Faded out over the course

Carl Wieman
(Stanford)

Doug Bonn
(UBC)
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ITERATING TO 
IMPROVE 
DATA

What fraction of students 
in a control group do you 
expect to iterate without 
being told to?

1. Less than 25%

2. Between 25% and 50%

3. Between 50% and 75%

4. More than 75%
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Pendulum

What fraction of students 
in a control group do you 
expect to iterate without 
being told to?

1. Less than 25%

2. Between 25% and 50%

3. Between 50% and 75%

4. More than 75%
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What fraction of students 
in a control group do you 
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EVALUATING 
MODEL 
ISSUES

What fraction of students 
in the intervention group 
do you expect to identify 
and/or interpret model 
issues in Week 1?

1. Less than 25%

2. Between 25% and 50%

3. Between 50% and 75%

4. More than 75%
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IMPLEMENTING AT YOUR 
INSTITUTION: FIRST STEPS
• Change the goals to focus on process rather than product

• Spread labs over multiple sessions

• Give students agency:

– Remove some of the structure and let students play in a 
constrained space

– Use experiments where students don’t know the answer

• If concerned about time, safety, etc.:

– Week 1: Use structured lab

– Week 2: Students design and carry out their own extension: new 
variables, improvements to design, extend range…
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averages for the skills- and concepts-focused courses,
which is conceptually consistent with our expectations
for how these courses might compare.
Between skills- and concepts-focused courses, there

were statistically significant differences (Mann-Whitney
U and Holm-Bonferroni corrected p < 0.05) for one or
more items in four of the five categories (see Table I). With
respect to the types of investigations used, instructors in
concepts-focused courses reported asking their students to
“verify known physical principles through experimental
tests” more often than instructors in skills-focused courses.
This suggests that skills-focused courses included fewer of
the so called “verification labs.” In terms of student agency,
instructors in skills-focused courses reported asking their
students to “develop their own research questions,” “choose
their own analysis methods,” and “troubleshoot problems
with the setup or apparatus” more often than instructors in
concepts-focused courses. This implies that, overall, skills-
focused courses provided more opportunities for students
to take agency during lab activities. In the category of data
analysis and visualization, instructors in skills-focused
courses reported asking their students to “quantify uncer-
tainty in a measurement” more often than those in
concepts-focused courses. There were no statistically sig-
nificant differences in how often instructors in skills- and
concepts-focused courses reported asking their students to
engage in particular modeling activities.
With respect to communication activities, the aggregate

data set showed statistically significant differences in the
reported frequency for three of the four items—give oral
presentations, maintain lab notebooks, and read journal
articles. However, because of the greater representation of
BFY courses in the skills-focused group (see Table II), we
also looked at comparisons of instructors responses in the
FYand BFY courses separately. The trends were similar for
all activity categories except communication. Separation of
the FY and BFY courses showed that BFY instructors in
both types of courses were more likely to ask their students
to “give oral presentations” and “read journal articles.”
Thus, the apparent differences in instructor responses to
these items in skills- and concepts-focused courses were
actually artifacts of the differential representation of BFY
courses among these two groups. However, in both FY and
BFY courses, skills-focused instructors reported asking
their students to “maintain a lab notebook” more often than
instructors in concepts-focused courses.
To summarize the trends highlighted in this section,

instructors in skills-focused courses used fewer verification
labs, provided more opportunities for student agency, and
more often asked students to quantify uncertainty in a
measurement and maintain a lab notebook.

III. RESULTS

This section presents findings with respect to whether a
focus on skills development or concept reinforcement was

accompanied by improvements in students’ postinstruction
E-CLASS responses using raw scores and an ANCOVA.

A. Developing lab skills versus
reinforcing physics content

To identify overall trends in the data, we begin by
looking at students’ raw overall E-CLASS score both pre-
and postinstruction. Table III reports average scores for
all students, and Fig. 1 offers a visual representation of the
shifts in these scores. Because the aggregate trends are
dominated by the FY courses, Table III also reports scores

FIG. 1. Visual representation of pre- to postinstruction shifts in
E-CLASS scores from all courses in the data set, as well as for
the FY and BFY courses individually. Differences in the pre- and
postinstruction score distributions are statistically significant in
all cases except for those of the BFY students in the concepts-
focused and both-focused courses.

TABLE III. Overall E-CLASS scores (points) for students in
courses focusing on developing skills, reinforcing concepts, or
both in the full, aggregate data set (N ¼ 4915) on both the pre-
and post-tests. Standard deviations for both pre- and postin-
struction scores for all sets of courses ranged from 6 to 8 points.
“Sig.” indicates the statistical significance of the difference
between students’ scores in courses focusing on skills relative
to those focusing on concepts.

Courses Skills Both Concepts Sig. Effect size

All N 719 3054 1142 " " " " " "
Pre 17.9 15.5a 17.7 p ¼ 0.2
Post 18.7 14.3 15.0 p ≪ 0.01 d ¼ 0.5

FY N 316 2651 1116 " " " " " "
Pre 16.9 15.0a 17.7 p ¼ 0.1
Post 17.6 13.7 14.9 p ≪ 0.01 d ¼ 0.3

BFY N 403 403 26 " " " " " "
Pre 18.7 18.2 18.5 p ¼ 0.9
Post 19.6 18.2 18.2 p ¼ 0.3

aThe preinstruction score for both-focused courses was
statistically significantly (p < 0.05) different from the
preinstruction scores for either skills-focused or concepts-
focused courses both in the FY courses and aggregate data set.

DEVELOPING SKILLS VERSUS REINFORCING … PHYS. REV. PHYS. EDUC. RES. 13, 010108 (2017)
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WHAT ABOUT 
MEASURING 
LEARNING?
• Look at what students do in lab via lab 

books

• E-CLASS

• …?
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PHYSICS LAB INVENTORY OF 
CRITICAL THINKING PLIC

DUE-1611482- 01

Katherine Quinn 
(grad student)

Cole Walsh 
(grad student)

Carl 
Wieman

Assess critical 
thinking in an 

efficient, 
standardized way

Useable by 
instructors in 

different courses 
at any institution
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THE PHYSICS LAB INVENTORY 
OF CRITICAL THINKING

• Evaluate experimental methods and data of two groups 
doing mass on a spring experiment

• Decide what the groups should do next

Questions:

• ~30 minutes
• Closed-response assessment
• Web-based
• Automatically generated reports that compare your class to 

those of other classes

Format
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TWO FICTIONAL GROUPS

62

Measure 10 repeated trials

Use 2 masses

Calculate k in each case 
and compare

Group 1

Students described 
“evaluating a model” as 

finding k



TWO FICTIONAL GROUPS
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Measure 2 repeated trials 

Use 10 different masses

Linearized plot, residuals, 
find k

Group 2

Trend motivates need 
for intercept

Measure 10 repeated trials

Use 2 masses

Calculate k in each case 
and compare

Group 1

Students described 
“evaluating a model” as 

finding k



TWO FICTIONAL GROUPS

64

Questions:
- Do k-values agree?/

Do data fit the line?

- How good are the methods?
- What should they do next?
- Which group is better?

Measure two repeated 
trials 

Use 10 different masses

Linearized plot, residuals, 
find k

Group 2

Trend motivates need 
for intercept

Measure 10 repeated trials

Use 2 masses

Calculate k in each case 
and compare

Group 1

Students described 
“evaluating a model” as 

finding k



PLIC: 
CURRENT STATUS
• Collected over 1000 unique student responses 

last semester

• Using those data to refine and conduct 
validity/reliability tests

Katherine Quinn 
(grad student)

Cole Walsh 
(grad student)

Carl 
Wieman

Interested in using the PLIC? 
Visit cperl.lassp.cornell.edu/PLIC or 

contact me ngholmes@cornell.edu

We’re also looking for more expert responses!
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H O W  D O E S  H A V I N G  A N  
E X P E C T A T I O N  A B O U T  A  

R E S U L T  I N F L U E N C E  
B E H A V I O R S  I N  A  L A B ?
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“The pendulum experiment we did at the beginning of the 
year, I think that really made a mark on me. Because I went 
in there expecting it [the period at 10 and 20 degrees] to be 
the same, because that’s what I was taught. And then, when 
you finally figure out that, ‘oh, it’s supposed to be different,’ 
and then I was like, ‘Oh! I probably shouldn’t be doing 
experiments with bias going in.’”
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CONFIRMATION BIAS IN THE 
PENDULUM EXPERIMENT
• “We did not take out the outlier trial because it did not match the 

average values we wanted to get; we decided to redo the outlier 
trial because there was a procedural error in the trial”

• “t’ = 1.7047 … We will attempt to reduce this number through 
additional measurements”

• “We chose to go back to individual oscillations because we liked the 
low t’ values of method 1 and we wanted to see if we could 
recreate that.”

Emily Smith
(postdoc)

Martin Stein
(grad student)
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CONFIRMATION BIAS IN THE 
PENDULUM EXPERIMENT
• “We did not take out the outlier trial because it did not match the 

average values we wanted to get; we decided to redo the outlier 
trial because there was a procedural error in the trial”

• “t’ = 1.7047 … We will attempt to reduce this number through 
additional measurements”

• “We chose to go back to individual oscillations because we liked the 
low t’ values of method 1 and we wanted to see if we could 
recreate that.”

Qs: 

• How prevalent are these behaviors over time?

• How does what they write compare with what they 
do? (video vs notes)

Emily Smith
(postdoc)

Martin Stein
(grad student)
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SUMMARY

Make a 
comparison

Act on 
comparison

Reflect on 
comparison

Score on lab-
related 

questions

Score on non-
lab-related 
questions

What should 
students be 

learning?

What 
instructional 
approaches 

improve 
student 

learning?

What are 
students 
learning?
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PLIC
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