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ABSTRACT
Two third-year physics laboratory courses are being transformed to deliver a wider
range of experimental research skills by implementing both group projects and
supporting activities. Students will first complete activities to develop knowledge,
skills, and attitudes authentic to professional scientists and engineers. They will then
take on the full range of tasks of an experimental physicist in the project stage.
Validated research tools for lab observations and attitude surveys will be deployed to
help evaluate this course transformation effort.

INTRODUCTION

ASSESSMENTS

The broad learning objectives for our transformed third-year lab courses are:

• Students will generate scientific physics research questions for further exploration.

• Students will choose and compare models for the physical system in the experiment. 

• Students will design an experimental apparatus and procedure.

• Students will develop practical lab skills by making measurements.

• Students will analyze and visualize data to test their physical models.

• Students will produce written and oral reports of the science and experiment.

LEARNING OBJECTIVES

Students will perform other exploratory activities that teach them the experimental
design process, comparison of data to models, and uncertainty analysis. These include
an instrumented physical pendulum experiment to measure the acceleration of gravity
g and a mechanically controlled break junction experiment to measure quantized
conductance.

Students will then engage in an open-ended project phase. They will do literature
studies to find research topics, work on the design of the experiments including
modelling, design, and data-taking, as well as data analysis. Students will be able to see
their ideas from conception to successful execution, and we hope to see great learning
and satisfaction in this whole process.

ACTIVITY I – STEMLAB 

ACTIVITY II – ALPHA EXPERIMENT

SUMMARY

Queen's University in Kingston, Ontario, Canada hosts two undergraduate physics
programs: physics and engineering physics. We offer two third-year lab courses:
PHYS350 and ENPH353, shown in Table 1.

PHYS350 ENPH353

~30 physics students ~70 engineering physics students

3 hours/week labs for 24 weeks 3 hours/week labs + 1 hour/week 
lectures for 12 weeks

9-week experiments + 15-week 
projects

12-week experiments, no projects 
before transformation

We are transforming both courses with the following changes:

1. Adopting a broader range of learning objectives following AAPT recommendations.

2. Measuring the effectiveness of the course changes using validated assessments.

3. Keeping the projects in PHYS350 and adopting 6-week projects in ENPH353.

4. Using activities which scaffold and prepare students for their projects.

5. Using a flexible, powerful, and cheap instrumentation system (STEMlab).

Table 1: Third-year physics lab courses at Queen’s University.

Fig. 2: The overall structure including learning objectives, projects, and 
experiments and activities for Queen’s third-year physics lab courses.

We will use validated educational research tools including Project Ownership Survey,
E-CLASS survey, and LOPUS lab observation protocol to evaluate student learning and
our course transformation effort. We show past E-CLASS survey results in Fig. 1.

Fig. 1: E-CLASS survey results for PHYS350 students in 2016-2017 at the
beginning of class, after one semester of doing experiments, and at the end
of class after completing their projects. Y-axis is the average of student
responses to all 30 survey questions. 1 is when student response agrees
with scientists and -1 is when the response disagrees.

Central to our effort is the use of STEMlab instrument from Red Pitaya. It is a single-
board computer that incorporates a field programmable gate array, two 14-bit analog
inputs, two 14-bit analog outputs, and allows processing signals at 125 MS/s. This
device gives students a consistent instrumentation choice, and is cheap and flexible
to meet student needs during the project phase.

OTHER ACTIVITIES, PROJECTS

Fig. 3: Top left: a picture of STEMlab instrument from Red Pitaya. Top
right: a snapshot of the web interface showing the applications.
Bottom: an example of the multichannel pulse height analyzer (MCA)
we have adapted and developed.

Students will perform an experiment on the stopping power of air for alpha particles.
This experiment introduces nuclear physics, operational amplifiers, and particle
spectroscopy. Students will measure alpha energy spectrum using a silicon PIN
photodiode, a home-made charge amplifier, and the STEMlab as an MCA.

The changes to the third-year physics and engineering physics lab courses at Queen's
University build on redefined learning objectives that are aligned with scientific
research process, evidence-based curriculum redevelopment, use of modern single-
board computers, scaffolded activities, and the empowerment of student learning
through open-ended projects. Together these changes will ensure sustainability of
employing projects in lab courses, enable ambitious goals for open-ended inquiry,
improve student learning, and allow us to continually improve the course delivery.
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Fig. 4: Left: a picture and a circuit diagram of the home-made charge amplifier.
Right: energy spectra of Americium-241 alpha particles going through titanium
foils showing the comparison of different particle detectors, and comparison of
home-built amplifier and multi-channel analyzer to commercial apparatus.
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