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How did Students Use the 
Lecture Videos? 

How Did Course Structure 
Influence Student Learning? 

Exam Performance: CPS students performed significantly 
worse on the first exam, likely due to an excessive workload; 
grades for other exams were statistically equivalent.  

FCI Performance: FCI gains were statistically equivalent 
between CPS and Interactive Lecture, consistent with prior 
results for these teaching models (<g> = 0.35±0.02 [2]), and 
significantly better than traditional lecture.  

Long-term Performance: There was no significant difference 
between CPS and Interactive Lecture students in course 
grades for subsequent quarters of Physics 1. However, CPS 
students were 43% more likely to take 1B and 42% more likely 
to take 1B and 1C.  

Interactive instruction in large survey physics courses focuses primarily 
on students’ conceptual learning and addressing misconceptions. 
Problem solving skill development is often relegated to separate 
discussion sections or not addressed at all. However, the ability to 
dissect complex problems, identify the resources to solve them, apply 
logical reasoning and mathematical analysis, and check that an answer 
makes sense, are skills that students often struggle with most, and ones 
which may benefit non-physics majors in their primary academic foci 
and future careers [1]. 

Here we describe an adaptation of the Cooperative Problem Solving 
model (CPS; [2]) for a large introductory mechanics course for life-
science majors at UC San Diego. This course combined principles of 
problem-based learning, team-based learning and a “flipped” lecture 
format (lectures provided online). The goals of this course model were: 

•  Develop problem solving skills for real, complex problems
•  Improve collaborative work skills, including team responsibility; 
•  Develop skills in communicating process and solutions;
•  Develop quantitative, scientific and growth mindsets; and
•  Find relevance in physics for life-science majors.
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Three sections of the 10-week 
Physics 1A course (≈800 students 
total) were reorganized into one 
interactive lecture and nine (9) 
sections of CPS, all taught by the 
same instructor. Graduate TAs (2-3 
per section) were present for all 
class meetings and led additional 
discussion sections scheduled 
throughout each week.

Lecture videos: CPS students were provided 70 videos totaling 25 hours for 
their lecture material. The videos were organized into “concept” (left) and 
“problem solving” (right) formats, the latter using Learning Glass 
technology [5]. The videos could be watched in any order, but students 
had to complete 3-4 lecture quizzes per cycle to assure preparation for 
class (Lecture students took equivalent pre-lecture quizzes online).  

Common Course Elements: The course was structured into five biweekly cycles 
covering Kinematics, Forces, Energy, Momentum and Rotation. All students took 
the same biweekly midterm exams and final exam (multiple choice format); they 
also completed semi-weekly pre-lecture quizzes, weekly online homework 
assignments (reduced for CPS), weekly metacognition prompts (see poster by 
Rodrigues et al.), and received participation credit (Lecture = clicker responses; 
CPS = attendance in class). All students took the Force Concepts Inventory (FCI 
[3]) and Colorado Learning Attitudes about Science Survey (CLASS [4]) at the 
beginning and end of the term. 

Team Projects: To align physics content with students’ academic and 
career interests, teams of up to 5 students completed a series of biweekly 
projects based on that cycle’s concept focus and with specific life science 
applications. These projects required both background research and 
analysis of real or simulated data, which differed slightly between the 
teams. Students were assigned specific team roles - Manager, Researcher, 
Solver, Communicator and Skeptic – and both roles and team assignments 
rotated each cycle, the latter based on exam scores (equivalent cohorts). 
Teams were graded on both a write-up of their solution and a class 
presentation, with rubrics provided in advance. After project 1, the project 
grading requirements were reduced  due to the excessive workload. 

Training Sets & Scaffolds: CPS class time was entirely focused on 
“Training Set” worksheets, exercises for developing problem solving skills. 
Students worked on these as a team and presented results to the class; the 
sets were not graded, and solutions were provided. Additional problem 
solving scaffolds were provided to both CPS and Lecture groups. 
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Viewing statistics make clear that the high workload at the 
beginning of the term inhibited students’ video usage. Once 
projects were reduced in scope, video views came back up.  
Students more consistently viewed the concept videos than 
the problem-solving videos, but viewership of all videos 
declined over the term. 
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Primary Outcomes 
There was no significant difference in most exam, FCI, or long-term 
course performance between the CPS and Interactive Lecture 
models. Despite the modified lecture component, CPS attained the 
same overall gains in physics understanding as assessed from multiple 
choice exams (see poster by M. Lopez et al. for detailed analysis). 

Significant differences in Exam 1 performance can be attributed to 
excessive workload, as simultaneously traced by video viewing 
statistics. The combination of “standard” course activities with the 
additional team project proved to be a barrier to learning. Once the 
projects were reduced in scope (no presentations, shorter report), CPS 
grades matched Lecture grades. 

CPS students demonstrated greater persistence in the Physics 1 
sequence. Despite similar scores, a higher percentage of CPS students 
continued on to 1B and 1C as compared to Lecture students, indicative 
of greater persistence in physics and their major. 

Despite specific effort to connect physics material to life-science 
situations, CPS students showed a lower appreciation of physics in 
their lives. The CLASS inventory showed CPS students became on 
average less favorable and more unfavorable than Lecture students to 
areas such as real world connections, conceptual understanding and 
sense making. CPS students were also on average more dissatisfied 
with the course, as gauged by surveys and teaching evaluations. 
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CPS students gained additional skills not 
captured by these assessments. Teams improved 
consistently in their project presentations and 
reports, indicating better adherence to rubrics and 
collaborative work. One non-physics major (left) 
designed a physics and gymnastic class for a 
community education program. New assessments 
are needed to capture these different skills.

Download materials  
at http://bit.ly/29jflYv  


