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first implemented in 2007 and were incorporated into most 
aspects of the course.

This course is now taught with strong connections to real-
world examples of conservation of energy, energy consump-
tion, and sustainability. While some introductory courses at-
tempt to engage students by discussing advanced topics such 
as relativity, cosmology, and quantum mechanics, students 
may have difficulty perceiving how these topics impact their 
everyday lives. The changes to the Physics 100 course are de-
signed to make explicit connections between course materials 
and everyday physics in order to increase students’ belief in 
the relevance of physics to the real world and develop their 
problem-solving skills in order to be able to apply their phys-
ics knowledge outside the classroom. 

For example, the concepts of conservation of energy are 
explored using the context of home heating and the Earth’s en-
ergy balance. Kinematics is taught in the context of transpor-
tation and associated energy consumption and fuel efficiency, 
drawing connections to earlier ideas of energy and environ-
mental impact. Basic concepts in electricity such as voltage, 
current, and resistance are covered with examples like home 
wiring, transmission lines, and electrical energy consumption. 
These real-world connections are reinforced through weekly 
tutorials, which require students to apply physics to context-
rich12 real world problems. Despite being conducted with 
standard simplified laboratory gear, the lab experiments are 
also contextualized using analogies to real-world examples.   

Another important change to the course was the incorpo-
ration of a final project where students work in small groups 
to prepare a presentation on a topic of their choice related to 
the course. Students were asked to quantitatively model and 
estimate an answer to a scientific question. Past projects have 
endeavored to estimate the energy savings that would result 
if all households in the province switched from incandescent 
light bulbs to compact fluorescent lights, the greenhouse gas 
savings due to ridership on the local rapid transit system, and 
the energy benefits of paying bills online rather than by paper 
mail.  

These extensive changes were supported by making a sub-
stantial effort to train the course’s teaching assistants (TAs) to 
encourage conceptual understanding and real-world connec-
tions in their students. Weekly meetings were conducted be-
tween the faculty and the TAs to ensure open communication.  
In addition, the TAs’ teaching skills were developed through a 
mentor TA program, where experienced TAs were available to 
train and support their peers.

Teaching Introductory Physics with an 
Environmental Focus
Mathew “Sandy” Martinuk, Rachel F. Moll, and Andrzej Kotlicki, University of British Columbia, Vancouver, BC 

Throughout North America the curriculum of intro-
ductory physics courses is nearly standardized. In 
1992, Tobias wrote that four texts dominate 90% of 

the introductory physics market1 and current physics edu-
cation research is focusing on how to sustain educational 
reforms.2 The instructional team at the University of British 
Columbia (UBC) recently implemented some key curriculum 
and pedagogical changes in Physics 100, their algebra-based 
introductory course for non-physics majors. These changes 
were aimed at improving their students’ attitudes toward 
physics and their ability to apply physics concepts to useful 
real-life situations. In order to demonstrate that physics is 
relevant to real life, a theme of energy and environment was 
incorporated into the course. 

Since the 1970s physics instructors have turned to real-
world examples in order to motivate physics learners.3-6 In 
particular, connections to ecological crisis7-10 have been 
viewed as opportunities to not only make physics relevant, 
but to motivate students by engaging them in investigating 
a problem that is impacting both their day-to-day lives and 
their future. Today, interdisciplinarity is more the norm than 
the exception in universities, and thus the notion of a physics 
course has broadened somewhat. Despite this fact, the num-
ber of examples of environmentally relevant physics curricula 
for science majors10,11 in recent literature is low. This paper 
will describe how an environmental theme was incorporated 
into UBC’s Physics 100 course and will outline current re-
search that is being conducted in order to evaluate the impact 
of these changes on both student problem-solving skills and 
attitudes. 

The new Physics 100
Physics 100 at the University of British Columbia is a non-

calculus-based introductory physics course offered to science 
students who require a physics credit to complete their degree 
but who did not take senior high school physics. Students of 
Physics 100 are typically enrolled in pre-med, biology, human 
kinetics, or environmental science programs. There are also 
some arts students who choose Physics 100 as their required 
science credit. It is a large, lecture-style course that divides 700 
students into three sections, each taught by a different instruc-
tor. The lecture is supported with weekly labs and tutorials, 
and students are assessed on their performance in the lab, 
participation in lecture, graded tutorial problems, midterm, 
final exam, and a final project. Changes to the course to make 
physics more relevant to students’ everyday life experiences 
through connections to energy and the environment were 
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of the CLASS survey (items 34 and 40, listed below in Table 
I) showed a significantly higher % shift in 2007 than in 2006.  
Follow-up interviews probed the impact of course changes 
on students’ responses to these statements and their attitudes 
toward problem solving in general. The majority of students 
interviewed mentioned group work when prompted with 
the CLASS statements, and stated or implied that the tutorial 
structure, where students work in groups to solve context-rich 
problems, helped to develop their problem-solving skills. This 
implication seems to contradict other research that shows 
context-rich tutorials do not have an impact on students’ at-
titudes about problem solving.15 The connection between 
group work in tutorials and student attitudes will be investi-
gated in future research. 

In addition to improving student attitudes, the Physics 
100 instructors wanted to enable their students to apply their 
physics knowledge to real-world situations. Inspired by the 
work of Adams,16 we conceptualized this capability in terms 
of problem-solving skills. By using problems with complex 
solutions but low content knowledge requirements, Adams 
has shown that skill in problem solving can be broken down 
into a number of component skills. A multiple-choice instru-
ment is currently under development that assesses individual 
students’ ability to apply physics to novel situations by assess-
ing their component problem-solving skills with a pre- and 
post-test. This will be used to further probe the development 
of students’ problem-solving skills in this course.

Outside of the measures used in this study, the impact of 
course changes were felt by both instructors and students. The 
instructors reflected that the course changes created a more 
positive learning atmosphere and that it was more enjoyable 
to teach. Student evaluations of the course and personal feed-
back included many more positive comments than when the 
course was taught in a traditional way.

Curriculum and pedagogical changes to introductory 
physics for science majors may help to improve student 
problem-solving skills and attitudes toward physics. However, 
results from our research into the changes have illustrated the 
importance of choosing real-world examples that are relevant 
to the student population. The final project appears to have 
had the most significant impact on student attitudes because 
students appreciated the opportunity to direct and apply their 
own learning and to make their own connections between 
course content and their everyday lives. Context-rich tutorials 

Impacts of course changes
An ongoing program of quantitative and qualitative re-

search is investigating the results of course innovations in two 
major areas:  student attitudes toward physics and student 
problem-solving skills. 

Student attitudes were measured using the Colorado 
Learning Attitudes about Science Survey (CLASS).13 This 
survey was administered as a pre-/post-survey in 2006 prior 
to the course changes, and then again in 2007. The CLASS 
survey uses 42 Likert-style14 questions to measure student 
attitudes about physics and learning. Student responses are 
compared to an expert response to determine the percentage 
of items for which the student agrees with the expert response, 
termed the % favorable score. For each student, the % shift is 
calculated by subtracting the initial % favorable score from 
the final % favorable score. 

The items on the survey are grouped into eight catego-
ries, one of which is a collection of four questions around 
the theme of real-world connections in physics. Despite the 
introduction of the course changes in 2007, there was no sta-
tistical difference between the average % shift scores in this 
category in 2006 and 2007. Interviews conducted after the 
2007 course revealed several possible reasons for the failure of 
course innovations to improve students’ attitudes in this area.  
One common student comment was that several of the major 
topics in the course used real-world examples that weren’t 
compelling to the student population. For example, while 
students were familiar with environments where the physics 
of home heating is important, most of them have never paid a 
heating bill and were therefore not interested in the details of 
heat loss. Student comments also highlighted that examples 
based on driving were not directly relevant since a significant 
proportion of the students don’t drive; the scarcity of on-
campus parking combined with free transit passes means that 
the majority of Physics 100 students commute by bus. These 
results point to significant differences between the instructors 
and students in their perception of the real-world relevance of 
problems, which have prompted a more detailed investigation 
that compares students’ and instructors’ perceptions of the 
real-world examples that were used in the 2008 course. 

Student interviews did reveal that real-life connections to 
physics concepts were most effectively achieved through the 
final project. Approximately half of those interviewed cited 
the final project as a strong motivator to make real-world con-
nections, and one student said: “It [the final project] forced us 
to think about how we can apply [physics]. I thought about it 
for a long time and for that while that (AU: wording correct?) 
we were trying to come up with a topic I kept thinking about 
everything that related … That week everything that I looked 
at was like physics, physics, physics.” To follow up, a pre-/post-
test of the students’ ability to problem solve in a real-world 
context was also administered this year. 

The CLASS survey did find significant differences in one 
category of student attitudes related to problem solving in 
physics. Two of the items in the problem-solving categories 

Table I. Two items from the Colorado Learning Attitudes about 
Science Survey that demonstrated significant gains in the trans-
formed course (2007) compared to 2006.

CLASS Question                       % shift in favorable responses
                                                           2006           2007

Q34 – I can usually figure out a way 
to solve physics problems -26% 15%

Q40 – If I get stuck on a physics 
problem, there is no chance I’ll figure 
it out on my own

-29% 10%
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and group work may be beneficial to student problem-solving 
skills, and future work will endeavor to further study this 
relationship using relevant real-world contexts with environ-
mental themes. 
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