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  Student Epistemologies in Project-based Learning Courses  

Although there has been interest in problem/project-based 
learning in the PER community as an active engagement strategy, 
most work done to date, however, has focused on introductory 
courses. This poster describes research on upper-division quantum 
mechanics, a junior/senior level course at Creighton University, 
which was taught using PBL pedagogy with no in-class lectures.  
Growth and changes in student epistemologies as a result of the 
non-traditional pedagogy are presented.  In particular, students 
emerged from a project-based course more confident in their 
abilities to dig into the textbook, seek out and find literature, and 
better prepared to be in charge of their own learning.  Students 
felt more confident to confront more realistic, research-like 
problems and to succeed in future graduate work. 
 

Abstract	  

Project	  Based	  Learning	  

Data	  collec9on:	  Reflec9ons	  and	  Focus	  Groups/Interviews	  

Results/Conclusions	  
Upper division physics students continue to hold transmissionist 
attitudes and non-expert like conceptions about innate ability vs. 
effort in physics.  We examined reflections for evidence of 
epistemological growth and found that students in an upper 
division quantum mechanics course taught solely using project-
based pedagogy did exhibit growth in these two areas.  After 
project-based instruction students were more likely to: 
 
1.  Feel more prepared to take charge of their own learning and be 

an active learner 
2.  Feel as if they mastered not only course content but matured 

as a scientist/physicist as well 
3.  Feel more confident to confront complicated and real-world 

problems in physics. 

As one student succinctly stated, “It helps you not to freak out 
when you don’t know the answer right away.” 
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Project-based learning (PBL) was first introduced in the 1980s in 
the context of medical education. Since then, the PBL approach 
has spread to many disciplines such as biology, law, chemistry, 
physics, business, and others with great effectiveness [1-2]. So 
what is project-based learning? Briefly, it is a systematic way to 
introduce active, student-centered learning to both large and 
small classes. The essential features of project-based learning 
include: 
 
1.  Learning begins with a project/problem 
2.  Problems are complex and based on real-world scenarios 
3.  Not all information is given; students need to make 

assumptions and estimations 
4.  Students learn to search for outside information 
5.  Students work in groups 
6.  Student learning is active and connected 
7.  Faculty role is that of a guide and mentor 
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Project Descrip.on Quantum Mechanics Topics 
#1: Carbocyanine Dyes 
      or 

Students try to calculate the absorption 
spectrum of a linear dye useful in 
biophysics using a 1D infinite well model 

Solutions to the 1D Schrodinger 
Equation, Potential Wells, Selection 

Rules, Spectroscopy 

      Alpha Decay of Uranium Students use Gamow’s brilliant insight to 
solve the puzzle of the alpha decay of 
Uranium. 

Solutions to the 1D Schrodinger 
Equation, 1D scattering, continuity 

equation 

#2: Neutrino Oscillations Students develop a 2-state model for 
neutrino oscillations. 

Time evolution, 2 state systems, Dirac 
notation 

#3: Spin Oscillations Students work through I. Rabi’s classic 
paper on spin oscillations in a magnetic 
field. 

Time Evolution, solutions to the Time 
Dependent Schrodinger Equation, Spin 

#4: HCL Molecule Students work out the quantum 
mechanics behind FTIR spectroscopy of 
HCl. 

3D Quantum Mechanics, Selection Rules, 
Spectroscopy, harmonic oscillator 

Transmissionist	  AGtudes	  

Student	  Epistemologies	  

Gintaras	  K.	  Duda	  and	  Kris.na	  G.	  Ward,	  Creighton	  University	  

The	  Course:	  PBL-‐based	  Quantum	  Mechanics	  

Students were asked to reflect/journal about their learning and experience in the course.  Reflection opportunities included 
1.  Pre and post-semester goal setting reflections 
2.  Reflections after each project 
3.  Post lecture-tutorial self-assessments 
4.  CATME online tool for assessing team functioning 
5.  Post-course survey + focus groups and individual student interviews 

Sample Student Reflections (analyzed using the framework of Vali [6] – see our other poster at PERC on Student Reflections) 
•  “I did learn a lot!  Some about quantum mechanics, but more about myself!” 
•  “I’d say I’ve developed an ability to connect the dots where information or understanding is missing.” 
•  “I’ve gone beyond the requirements in some classes just because I thought this application would be cool to use or that I simply wanted 

to learn more about the subject. I’ve never been in such challenging course, never been feeling so confident about my school work, and 
never been enjoying working so much.”  

PHY 531: Quantum Mechanics (3 credits) 
 

Course Elements: 
1.  Projects 
2.  Weekly Packets 

–  Lecture Tutorials (Timberlake [3]) 
–  Homework + Examples + Historical Papers 

4 Projects per semester with a formal deliverable in the form of a 
scientific paper.  Students used ShareLaTeX to write and 
collaborate. 
 

 

Within physics, David Hammer [4] established a set of 
epistemological dimensions (from student interviews and 
observations). 
 
Formulas                                         Concepts 
 
Pieces                                                                  Coherence 
 
Transmissionist                                                     Constructivist 
(authority)                               (Independence) 
 
Innate                               Effort 
 
Junior/senior physics majors have made large progress from left to 
right on the first two dimensions.  Our main research questions is 
what effect does PBL pedagogy have on students’ growth in 
Hammer’s last two dimensions? 
 

PBL claims to help grow students’ abilities to engage in self-
directed and self-regulated learning (SDL and SRL) [5].  This should 
correspond to shifts in students’ epistemologies in Hammer’s last 
two dimensions. 

We saw interesting indications that upper division students still 
hold transmissionist attitudes, but that PBL courses can help move 
students towards more constructivist views.  A student reflected,  
 
“I know that was one of the difficulties I had with the course - um 
- was the sort of the lack of lecture-based instruction, because I 
feel like I’ve invested a lot into getting good at learning in a 
lecture-based environment. Um, so I felt like there was a tension 
at least for me between this class as learning in terms of the 
traditional educational path - learning the topic - versus as a tool 
for professional development and to get better at doing the 
science rather than just learning the material. For me this was 
the primary struggle I had for the course - trying to rectify the 
idea of this as making me a better scientist and physicist versus 
feeling like I was floundering a bit for the course material itself.” 
 

Table	  1:	  Projects	  in	  the	  one-‐semester	  Quantum	  Mechanics	  course.	  

Figure	  1:	  Pre	  and	  post-‐test	  CLASS	  results	  for	  Quantum	  
students.	  	  Note	  the	  ini.al	  high	  favorable	  aTtudes	  in	  almost	  all	  

categories.	  	  

Figure	  4:	  The	  paper	  authors.	  	  Gintaras	  Duda	  (leV)	  is	  an	  
associate	  professor	  of	  physics	  at	  Creighton	  University.	  	  
Kris.na	  Ward	  (right)	  is	  a	  graduate	  student	  in	  the	  physics	  

and	  educa.on	  departments.	  
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PBL QM CLASS pre/post: 
Fall 2013 

PRE and POST 

Overall 
All categories 
Personal Interest 
Real World Connection 
Problem Solving General 
Problem Solving Confidence  
Problem Solving Sophistication 
SensesMaking/Effort 
Conceptual understanding 
Applied Conceptual understanding 
Overall 
All categories 
Personal Interest 
Real World Connection 
Problem Solving General 
Problem Solving Confidence  
Problem Solving Sophistication 
SensesMaking/Effort 
Conceptual understanding 
Applied Conceptual understanding 

Survey	  Ques9on	  	   Strongly	  
Agree	  

Agree	   Neutral	  

I	  felt	  I	  grew	  as	  a	  physicist	   46.6%	   40.0%	   -‐	  

More	  prepared	  to	  learn	  
on	  my	  own	  

33.3%	   46.7%	   20.0%	  

More	  able	  to	  tackle	  real-‐
life,	  complicated	  
problems	  

40.0%	   40.0%	   20.0%	  

Skills	  in	  scien.fic	  wri.ng	  
grew	  

53.4%	   33.3%	   13.3%	  

More	  of	  an	  ac.ve	  learner/
in	  charge	  of	  my	  own	  
learning	  

46.7%	   40.0%	   13.3%	  

Grew	  in	  my	  sense	  of	  
professionalism	  

46.7%	   26.7%	   26.6%	  

More	  confident	  that	  I	  can	  
do	  physics	  

46.7%	   33.3%	   13.3%	  

We	  should	  do	  more	  
reflec.on	  in	  physics	  
courses	  

26.7%	   33.3%	   13.3%	  

Table	  2:	  Student	  responses	  to	  selected	  Likert-‐scale	  survey	  
ques.ons	  (N=15).	  The	  ques.ons	  read	  “Project-‐based	  

pedagogy	  used	  in	  this	  class	  contributed	  to	  my	  growth	  as	  a	  
student/physicist	  in	  the	  following	  areas:"	  	  

	  


