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Following the path of scientific curiosity involves intuition
and creative problem solving.  The way physics has tradi-
tionally been taught does not convey the dynamic and imag-
inative aspects of being a physicist.  Early undergraduate
students may thus have a limited impression of physics that
can discourage them from continu-
ing in the field.  In this article, I pres-
ent practical ideas of how we can
change perceptions of physics
through education.  Specifically,
I address the importance of teaching
styles and assessment techniques,
undergraduate research experiences,
and the role of mentors in retaining a
more diverse group of students, par-
ticularly one that includes more
women.  

INTRODUCTION 
Science is a product of human cre-
ativity that can be described as ele-
gant and aesthetic. The average per-
son, however, does not perceive
physics in this way, nor did I as an undergraduate physics
student.  When I entered university, physicists I could recog-
nize included Einstein and Bohr.  Physics seemed to me a
discipline that had succeeded in describing the physical laws
of the universe.  I had the impression that physicists worked
and solved problems in isolation; that ideas, as they are pre-
sented in textbooks, are not to be challenged; that women
could do physics but rarely become physicists.   

Delving deeper into the process of scientific research as a
summer student and then as a graduate student, I have
come to realize that being a physicist may not necessarily
involve wearing a white lab coat and solving problems in
isolation.  Our medium is distinct from that of brush and
canvas, but like artists, physicists seek to describe Nature
and its beauty.  Physics is a vibrant art.  When I explain that
scientific research is one of my most creative endeavours, it
comes as a surprise to those outside of the field.  This is not
the general public's only false perception of physics.  It also
comes as a surprise to many people, including younger
physics students, that I do not 'look' like a physicist.  I am
not middle-aged, nor do I display my collection of pens in
my pocket.  Clearly I do not fit into society's stereotypical
image of a white-lab-coated (male) physicist.  

As a first-year undergraduate student, I was privileged to
experience life in a lab where I discovered the inventive,
intuitive elements of physics.  Had I not had this opportuni-
ty, I would have instead pursued what I perceived to be
more creative subjects during my undergraduate education.
My departure from the field would have contributed to sta-

tistics of women leaving physics and becoming increasingly
under-represented at higher academic levels [1,2] (Figure 1).
This leaky pipeline phenomenon is well-documented [3,4,5]

and represents a loss of talent for the physics community
[2,6]. This applies not only to women but also to other stu-

dents whose interest in physics is not
captured by the way in which the dis-
cipline is presented during the forma-
tive years of high school and early
undergraduate education [2,7]. 

In this article, I present ideas of how
physics teaching can illustrate the cre-
ative and dynamic nature of physics
as well as foster intellectual curiosity,
intuition, and critical thinking.  I also
introduce practical solutions for
expanding physics culture to change
perceptions of physics and diversify
the breadth of physics students and
physicists, with a focus on retaining
more women.  

The way physics has tradi-
tionally been taught does
not convey the dynamic and
imaginative aspects of
being a physicist.  Early
undergraduate students
may thus have a limited
impression of physics that
can discourage them from
continuing in the field.
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Fig. 1 The leaky pipeline: the proportion of women in aca-
demic physics decreases with level of academic posi-
tion.  The solid line denotes statistics from the
American Institute of Physics Statistical Research
Centre from the late 1990s (adapted from [4]).
Canadian statistics from 2001 are represented by the
dashed line (from [3]).  
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TOWARDS CREATIVE PHYSICS:
How to better represent the true nature of being a
physicist 
The traditional physics classroom is based on a hierarchical
structure where the professor lectures to and evaluates stu-
dents [8,9].  Each course deals with a specific subtopic of
physics where professors explain the textbook material.
Assignments largely involve plugging numbers into similar-
ly structured problems, essentially 'reproducing' what was
presented in the textbook [8].  This routine is intended to
equip the physics student with problem solving skills [9].
Students are evaluated in the form of written midterms and
final exams.  Separate from the classwork, highly choreo-
graphed laboratory exercises are designed to teach students
how to execute experiments and analyze data [10].  This
makes for a decidedly passive classroom experience [7,11].
Students educated in this way may gain a limited and incor-
rect impression of the nature of physics. The lack of creative
experience and intellectual adventure can discourage stu-
dents from continuing in the field [2,7,12].  I nearly left
physics for this reason. 

Indeed, poor science teaching has been cited as one of the
most common reasons for undergraduates leaving sci-
ence [2,6].  In addition to providing a strong basic knowledge
and understanding of concepts in physics, a physics educa-
tion should also seek to communicate the artistic, innovative
nature of physics and a sense that it is a dynamic field of
ideas.  Often the advance to more creative levels in physics
begins after having mastered an understanding of basic con-
cepts.  Higher-level undergraduate physics courses, for
example, may involve more imagination and invention.
Considering that early undergraduate courses can deter-
mine who continues in physics [7,13], early undergraduate
physics education should also progress to the level of cre-
ative expression.  New avenues of physics education are
currently providing students with a better understanding of
the creative side of physics as well as what being a scientist
is like.  

Teaching and learning styles
Diverging from the traditional professor-as-authority-who-
lectures style, more interactive forms of teaching, such as
problem-based and peer-learning methods, are becoming
more established in physics education across Canada (see
Table 2, Slavin, 2005, Physics in Canada (this issue)).  The
problem-based approach captures the essence of physics'
creative and dynamic nature: students are presented with
problems which they must solve by applying a variety of
methods.  This methodology approaches real-life problem
solving where lab and course work are integrated together
instead of being presented as two separate entities [11,14].
Not only does this highlight how physics is integrated into
other fields of science and aspects of life, problem-based
learning also encourages interaction and cooperation,
important elements that reflect the spirit of science but are
often left out of the traditional physics classroom [7].   Some
simple ways to simulate problem-based learning in the
classroom include:

-PHYSICS IN CONTEXT. The social and historical construc-
tion of science is an integral part of understanding the

nature of scientific knowledge [15], so the context and history
of physics, as well as biographies of scientists and their
work, should be presented in the classroom.  Students could
also gain a broader perspective of physics by understanding
lessons in the context of recent discoveries and contempo-
rary work.  Presenting physics in a manner that is rich in
interdisciplinary concepts and applications can demonstrate
how a knowledge of physics contributes to other fields
including medicine, technology, and industry.  This is of
particular importance for a subject that some deem irrele-
vant.  The connection to everyday experiences, other disci-
plines, as well as potential job opportunities can enhance
student interest in physics education [2,7,8,12].  
-INTERPRETATION IN PHYSICS.  Providing a list of alter-
native materials can encourage students to learn from a
variety of resources.  This could be provided in addition to,
or  replace, a single textbook and can illustrate the interpre-
tive aspect of physics.
-MORE IS LESS: EMPHASIZE THE CONCEPTS. Instead of
racing through one hundred per cent of the material and
presenting fifteen different examples, a stronger focus on
concepts and slightly fewer examples can leave more oppor-
tunities for reflection, questions, and discussion [7].  
-TEACHING STUDENTS TO TEACH.  Assigning students
topics can challenge them to teach a concept to their class-
mates.  As teaching requires one to deepen one's own level
of understanding, this can be a valuable pedagogical tech-
nique.  Other peer-learning methods are described in
Williams et al., 2005 (Physics in Canada, this issue) [14].  
Most of these methods can be implemented with both larger
and smaller classes. Evidence shows that alternative teach-
ing methods are more effective for students who do not
learn well in a traditional physics classroom [8,11,16], so vary-
ing approaches to teaching can help to diversify the type of
students that pursue physics [2].   

Assessment  Techniques
Not only can different teaching and learning methods
broaden a physics education, unique methods of evaluation
can also convey to students more about how the physics
community works.  Typically the professor assesses stu-
dents in the form of written exams and assignments.  Since
doing physics involves far more than a written test can eval-
uate, it makes sense to assess the capabilities of physics stu-
dents using a variety of methods, for example both written
and oral exams.  Using solely conventional forms of evalua-
tion, abilities and talents that are valued in physicists may
otherwise remain latent and underdeveloped in students.
Alternative ideas include:

-SCIENTIFIC REFEREE EVALUATION.  In addition to the
professor's evaluation, 'referee' classmates can evaluate stu-
dent lab projects and presentations.  This method better
reflects the reality of the scientific referee process and helps
to foster critical thinking and questioning.  
-SKILLS FOR SCIENTISTS.  Writing essays can challenge stu-
dents to develop scientific writing skills, an indispensable
tool of a physicist that is often underrated in more conven-
tional forms of physics education.   Oral presentations are
also an integral component of being a scientist.
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possible to be a successful physicist and have active interests
outside of science.  Importantly, one of my summer projects
was supervised by a female physicist.  I had always believed
that women could be physicists but had never before direct-
ly interacted with a female physicist.  Her example con-
vinced me that women can be physicists.  My contact with
this professor did not stop when I left her lab.  In fact, she
continues to provide support and encouragement as I fur-
ther my career in physics.  Student-professor interactions
such as this often continue beyond the undergraduate con-
text and have been documented to improve student reten-
tion [2,18].  Especially in the case of retaining women in
physics, mentors play a critical role [12,19].  In fact, an absence
of mentoring for women has been cited as an important
cause for women to abandon science and math [19].
Interacting and being able to identify with women in
physics has provided support at critical times when I have
felt isolated in the physics community; I am not the only one
who has felt this way [4,13].  Such 'mentoring' is important in
light of the disproportionate numbers of men who hold
higher academic positions [1].   

The hard facts are that women comprise less than 10% of all
physics faculty across Canada [3].  While there is a greater
proportion of women at the undergraduate level, the num-
bers progressively decrease the further one proceeds up the
academic ladder: the percentage of women in PhD-granting
Canadian physics departments from 1998-2001 included 22%
BSc graduates, 15% PhD graduates, and 8% faculty [3]

(Figure 1).  

Why there are so few women faculty in physics is an
extremely complex issue.  Factors on many different levels
come into play, from personal intellectual interests, to cul-
ture and media [12]; from peer review and granting agen-
cies [20], to the structure of the scientific career [12,19] and the
subculture of physics [4,13,21].  The way in which physics is
taught cannot be excluded: indeed some evidence shows
that women flourish in teaching environments involving
small group discussion and collaborative projects [8].  This
idea may be extended to acknowledge that people learn best
in different ways and that some - both men and women -
learn less effectively in conventional lecture settings [16,22].
Diversifying the way in which physics is taught and present-
ed to students can make physics appealing to a broader
group of people with varied interests and talents [2,12]. 

Changing the way physics is presented to students in the
classroom (as discussed above) may influence the variety
and composition of physics departments.  In addition to
diversifying teaching styles and assessment techniques,
other simple measures can be taken to deconstruct stereo-
types of physicists and encourage more women to continue
in the field.  
-VISIBLE ROLE MODELS. As I have described, role models -
men and women who balance family, friends, and other
interests in tandem with an active and fulfilling career - can
provide students with positive images of physicists [1].  With
women comprising less than 10% of Canadian physics facul-
ty, there are few women physicists in academia with whom
younger women students can identify [3,6].  The presence of
women on faculty can make a difference: there is a strong
correlation between the number of women faculty and the
number of women graduates who become doctoral
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-ENCOURAGE STUDENTS TO ASK QUESTIONS.
Evaluation on this basis can help to provide students with
the necessary tools of scientific criticism and the ability to
question.  

All of these activities, both with respect to teaching styles
and assessment techniques, aim to develop students' abili-
ties as physicists, not simply as physics students.  

Undergraduate research experiences
Undergraduate research experiences can also provide a
highly effective way to challenge beliefs that may stem from
conventional undergraduate education, namely that physi-
cists work and solve problems in isolation, as well as the
perception that physics as presented in textbooks is infalli-
ble. The importance of student research experiences in
retaining students in physics is well documented [17,18].
Research can engage students in creative problem solving,
and involve them in collaboration and discussion within a
team and community of researchers.  In many cases, stu-
dents can also contribute both to asking new questions and
defining new directions [17].   Experiencing the process of
exploration and discovery first-hand can demonstrate that
physics is a highly creative discipline.  Many of these posi-
tive aspects of the undergraduate research experience can
be recreated in the classroom:

-DESIGNING INDIVIDUAL LAB PROJECTS.  This is an
important exercise for cultivating intuition and imagination,
both important elements of scientific exploration and inven-
tion. Independent projects require that students ask ques-
tions and invent ways to answer them, as well as design
and build instruments and conduct experiments.  Individual
learning furthermore demands that students consult multi-
ple resources and learn from different perspectives, a critical
exercise for understanding the interpretive nature of physics
and scientific debate.  Communicating the research results
in class, at undergraduate physics conferences and/or meet-
ings can demonstrate to students that being a physicist
involves interaction with a community that extends beyond
both the classroom and the department.  

Typically many of these elements are reserved for graduate
education.  However, integrating a sharper presence of the
importance of asking the right questions, testing hypothe-
ses, and analyzing and interpreting results into the under-
graduate curriculum could benefit physics education.
Instead of reinforcing science as a body of knowledge where
theories are often represented as the Truth [15], a physics
education should teach students that results may differ from
the information presented in textbooks.  Scientific ideas
exist to be challenged, to be reformulated, to be built upon.
This is the spirit of science.

WHO PHYSICISTS ARE:
Debunking myths of the physicist
Not only does undergraduate research expose students to
the creative nature of physics, it also provides opportunity
for scientific interaction between student and professor.
Students who interact with faculty have been documented
to have a more positive view of science [2,17,18].   Getting to
know my supervisors and professors, largely through
undergraduate research projects, made me realize that it is
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scientists [23].  The support of advisors and teachers is also
important for the success of women physicists [1].  Senior
students as well as alumni can also provide helpful mentors
for younger students [1].  On a more formal level, younger
students could be paired with mentors - both men and
women - whom they could consult and who are supportive
of women in science.   
- A VARIETY OF PHYSICISTS.  Not only should an effort be
made to expose physics students to a variety of physicists,
both students and faculty of physics departments could
benefit from a variety of presenters - senior and junior, men
and women - at departmental seminars as well as at work-
shops and conferences.  Attending an undergraduate con-
ference where an energetic and dynamic female physicist
was the keynote speaker made a very strong impression
upon me as an undergraduate physics student.  In fact,
I continue to be inspired by women I meet at conferences
and workshops who exemplify success in scientific research,
teaching, and leadership.  Profiles of physicists on exhibit
around the department can also help to expose students to
who physicists are and what we do.  
-GUEST LECTURERS IN THE CLASSROOM.  In order to
counter stereotypes of physicists, a physics education
should include exposure to physicists of both genders and a
range of levels of experience.  This is critical in classes for
both first year students and non-physics students, especially
for those who will become teachers and communicate their
perceptions of physics to younger students [7].  Inviting a
female physicist, for example, to give a lecture can be very
effective in broadening perspectives and deconstructing
stereotypes of physicists.  

CONCLUSIONS
In practice, presenting physics in different ways to under-
graduate students may seem unrealistic in light of class size,
the volume of material, and limited class time.
Incorporating elements of physics' creative and dynamic
nature into physics education, however, need not involve a
revolution but merely a conscious effort of diversifying per-
ceptions of physics in the classroom as well as at the depart-
mental and administrative levels.  Furthermore, it is impor-
tant that good teaching be recognized, appreciated, and
rewarded.  We can - with relatively little effort - make a dif-
ference in the way students and the public perceive both
what physics is about and who physicists are.  

To summarize, I have presented various ideas of how
physics education can be diversified.  These include: (i)
communicating the imaginative and intuitive side of physics
and scientific thought; (ii) focusing on the development of
scientific skills in students; (iii) conveying the dynamic,
interactive environment of the physics community; and (iv)
being aware of how we can change common perceptions of
the physicist.  In the interest of attracting and retaining
diverse students including more women, we should seek to
provide students with a stimulating environment where
they can gain an understanding of the fundamentals of
physics in addition to discovering the joy of curious learn-
ing.  Such an effort will make our understanding of the
world in which we live, and the art of physics, even more
rich and colourful.
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