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What should  

students learn? 
What are  

students learning? 

What approaches improve 

student learning? 

First : One-on-one faculty interviews with 15 physics faculty resulted in :  

 

     1) Consensus structure goals (e.g., provide support to faculty to advise students during project portion of course) 

     2) Consensus learning goals (e.g.,  data analysis and measurement automation) 

     3) Learning goals for further discussion (e.g., balance of oral and written reports) 

 

Second: Two working group meetings with a total of 21 faculty to : 

 

     1) Confirm consensus goals  

     2) Discuss other goals 

Detailed and Assessable Learning Goals 

Mathematica (data analysis and plotting) 

LabVIEW and data acquisition  

and processing 

Error Analysis and Fitting 

Integrating “Lecture” and Lab  

Old: 

• Lecture in another building 

• Lecture topics tangential to lab 

work. 

 

New: 

• Room adjacent to lab space 

• Collaborative workspace for 16 

students 

• Lab skill activities  

• Oral presentations 

Physical / Structural Transformation 

New: 

 10 versatile optics workstations  

 Low-cost research grade equipment 

 80% of components common to all labs. 

 20% specialized equipment 

 Nothing encourages faculty buy-in as much filling 

7 dumpsters of junk 

 

LEARNING GOALS 

Modeling Design 

Technical lab skills Communication 

Modeling the physical system 

Modeling the 

measurement system 

Statistical analysis for 

comparison 

Designing apparatus 

and experiments 

Troubleshooting 

Test and measurement equipment 

LabVIEW 
Argumentation 

Authentic forms in physics 
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Authentic Space and Tools 

Old:   

Wooden tables with optics rails 
New:  

 Optical breadboard workstations 

Lab Skill Activities Modeling Centered Labs 

• Tutorials in basic lab skills with screencasts 

completed during “lecture” time in new workspace 

 

Sampling and Fourier Analysis 

Gaussian Laser Beams  

Polarization of Light 

Diffraction and Fourier Optics 

Build a Spectrometer! 

Example Lab Question -  

emphasis modeling the measurement system 

Guiding principles:  

 

1) Completion by students should demonstrate proficiency in one or more of established 

learning goals 

2) We are not creating new experimental apparatus, but rather using the same equipment to 

focus on developing scientific process skills. 

1) Weekly Student Surveys 

 

2) Self-Assessment of Learning Gains 

3) Colorado Learning Attitudes about Science Survey for Experimental Physics (E-CLASS) 

• Weekly online surveys to record students attitudes about individual 

labs. 

• Helped document time-consuming, confusing, or difficult sections 

of the labs as well as activities that were helpful for learning. 

 

• Feedback received will help modify the course for future semesters 

(e.g., lengthening number of weeks we cover the Lab Skill Activities) 

 

http://www.salgsite.org/ 

• The SALG instrument focuses exclusively on the degree to which a 

course has enabled student learning. In particular, the SALG asks 

students to assess and report on their own learning, and on the degree 

to which specific aspects of the course have contributed to that 

learning.  

 

• Data from this instrument is leading to development and adoption of 

rubrics for written reports, oral presentations, and final project. 

 

Paired Questions 

Actionable  

evidence  

for instructor 

Dimensions Probes with E-CLASS 

Affect    Argumentation 

Confidence    Experimental design 

Physics community  Purpose of labs 

Statistical uncertainty  Systematic error 

    Troubleshooting 

    Math-Physics-Data connection 

    Modeling the measurement system 

 
Heavy emphasis on error analysis is motivated by the belief of experimental 

physicists that a numerical quantity without an estimate of uncertainty is not 

very useful. With all this emphasis, do students find that error analysis 

usually helps them better understand their results? A clear pattern is that 

while students realize experimental physicists find error analysis a valuable 

tool for understanding data, many students’ are personally neutral or 

disagree that error analysis helps them understand their data. 

Statement: “Doing error 
analysis (such as 
calculating the propagated 
error) usually helps me 
understand my results 
better.” 


