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n last month’s issue of TPT, Michael Sobel1
turns our attention to the increasing number
and broader population of students taking
physics courses and urges us to reconsider how to
better cater to their needs. We applaud the author
for focusing our attention on this important issue.
However, we find his proposal for teaching physics to
nonscience majors problematic.
Sobel argues that these students need not “do”
physics because “they are not likely to face this kind
of problem-solving challenge in their future.” Sobel
proposes a “middle way between the traditional physics course and the conceptual course” that “avoids the
shallowness of conceptual physics, yet lies within the
capability of the average student.” This middle way
“does not demand ingenuity,” it “does not demand
that the student put together two ideas that he has
previously used separately,” and “does not demand
that the student be clever.” Students “are not expected
to figure out for themselves how to work [a] problem,
how to convert from the words to [an] equation, how
to go from diagrams to vector components, etc.”
Instead, Sobel suggests that students should learn
physics as historical narratives. Each semester, students would be presented with three or four physics
“stories,” each story being associated with one or more
equations. For each story, a “student sees a certain
problem done in class, then tries three or four examples of the same problem, with different numbers, at
home, and later has to do one on the exam.” Learning
physics, the author argues, is becoming familiar with
this computational process. Students, he concludes,
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“don’t have to be clever; they just have to be industrious.” We disagree, both about students and about
learning physics.
Sobel’s piece is of importance because many of
his claims are frequently heard in informal contexts:
between teachers in hallways or during departmental
meetings. Although widespread, these claims have
generally not appeared in the literature. We offer this
response as a means to initiate a dialogue on how we
engage with students in our physics courses.
We focus on three frequent claims that Sobel’s
“middle way” is based on:
Claim 1: Difficulty

Physics is too difficult for the “average” student.
Claim 2: Relevance

Nonscience students don’t need to “do” physics
because they “are not likely to face this kind of
problem-solving challenge in their future.”
Claim 3: Conceptual physics is shallow

Concepts are too easy and don’t help students solve
problems.

Just Too Difficult for “Average”
Students
Sobel claims—as do many teachers—that physics
is in a “special category of hard” and is usually taken
only by a “certain sort of very bright student.” After
having spent numerous hours in class explaining
and providing worked examples, teachers frequently
emerge from grading a number of failing exam copies
with the feeling that some students are just not smart
enough or simply did not work sufficiently. We come
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to this conclusion by projecting ourselves into the past
where more effort almost always led to better understanding. However, we know students are not miniature versions of ourselves. If they were, they would all
become physics teachers!
This shifting the responsibility away from instructors onto students is quite problematic. Dykstra2
explicitly warns against this common physics teacher
conception as follows:
“It is acknowledged that not all can receive the
transmitted knowledge effectively. To account
for this the construct, deserving, is applied. If
one is deserving, then one can effectively receive
the transmitted knowledge. To be deserving,
one must first have the mental capacity [i.e.,
in Sobel’s words ‘a certain sort of very bright
student’] and then one must work diligently
enough [i.e., in Sobel’s words, ‘just needs to be
industrious’] to be successful at ‘getting’ what
has been transmitted or can be seen in nature.”
The issue with arguments about ability, industriousness, or deserving nature of students is that they shift
the focus away from what needs to be done to help
students learn basic concepts and understand the nature
of physics. The appealing—yet suspiciously conceited—notion that physics is only for smart or industrious
people is in fact quite questionable. There are numerous
examples showing how students from nonscience backgrounds learn important expert-like skills in modeling,
conceptual framing, and problem solving.3

Relevance: What Is Education For?
The claim is, why burden nonscience students with
problem solving if they will not face such challenges in
the future? One reaction to this claim may be: What
data support the notion that students will not face such
challenges in the future? However, a broader issue should
be addressed: What is meant by “problem solving?”
In cognitive science, problem solving has been
defined as a process that minimizes the difference
between a current state and a desired “goal” state.4
Problem-solving processes differ across knowledge domains,5 which has pushed researchers to focus on the
study of domain-specific expertise.6
Granted, nonphysics majors need not achieve expertise in physics. However, one of the basic learning
outcomes of a physics course is the ability to solve
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problems. Physics education researchers have tried
not to conflate solving exercises (such as those found
in end-of-chapter examples) with problem solving. As
Korsunsky7 notes : “Problem solving [is] commonly
understood as the ability of individuals to apply their
prior knowledge in new, somewhat unfamiliar, situations.” This unfamiliar, novel aspect of problem solving is central because, as Martinez points out, “If we
know exactly how to get from point A to point B, then
reaching point B does not involve problem solving.”8
Furthermore, “by its very nature, problem solving
involves error and uncertainty …. The possibilities of
failure and of making less-than-optimal moves are inseparable from problem solving.”8
Outside of their physics courses, students may
not face the kind of challenge given by algorithmic
computational procedures such as those found in endof-chapter exercises. We fully agree that such exercises
are of little value to students. Yet, the proposal to
have students try “three or four examples of the same
problem, with different numbers, at home, and later
has to do one on the exam” hardly qualifies as problem
solving. The only advantage provided by such tasks is
that they are simpler to teach and to test than complex
problem solving.8 The late Arnold Arons had warned
against “the widely prevalent illusion that students
will master arts of thinking and reasoning as well as…
concepts, principles, models and theories…through
the doing of conventional end-of-chapter homework
problems. This is demonstrably not the case.”9 The
kind of task proposed by Sobel is more of an exercise
than a genuine problem-solving activity and provides
students with very little benefit. Clearly, this kind of
task is no more likely to be encountered by students
outside of their physics courses. Most concerning is
that this kind of task provides students with a flawed
expectation with respect to the nature of physics.10
Which brings us to the central issue: What is education for? What do we expect students to learn from
their physics course?
Most educators, regardless of the discipline, want
their courses to have an effect that extends beyond
their classroom and hence would prefer to educate
broadly rather than train for specific tasks.11,12 This
ought to be particularly true for students taking
courses out of their discipline such as nonscience
majors taking physics. Much research has shown the
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problems associated with teaching through decontextualized situations that are not relevant to students’
experiences out of school.13 In physics, research on
providing students with meaningful context-rich
problem-solving activities shows that students better
understand the basic concepts and the kinds of reasoning that are characteristic of our field.14 That students
would “not [be] expected to figure out for themselves
how to work [a] problem, how to convert from the
words to [an] equation, how to go from diagrams to
vector components, etc.” would contradict the findings showing that providing multiple representations
in context-rich problems helps students learn basic
concepts and solve traditional problems.15,16
In physics, there is a long tradition of modeling and
explicitly teaching problem-solving skills. Students are
encouraged not only to solve problems but reflect on
the process.17 This thinking about one’s thinking, or
metacognition,18 whereby one monitors and reflects
upon his or her thinking, is extremely helpful in learning science19 and mathematics.20 Furthermore, metacognition is also a common characteristic of expertise
across domains.11 Thus, reflecting on the thinking
involved in context-rich problem solving develops
metacognitive skills, which is one of the hallmarks of
experts, regardless of their domain.

Conceptual Physics: Shallow or
Deep?
We fully agree that physics concepts without any
math yield an incomplete picture of physics. However,
math without physics concepts is equally incomplete.
Unfortunately, math with too few concepts is precisely
what many students get out of their introductory
physics courses.21-23
Ideas in physics (or in other disciplines) are not
purely mathematical. Ideas can be represented mathematically as they can be represented in words, pictures,
or graphs. In fact, the number of representations accessible to an individual is a measure of expertise. Ideally,
students should be able to represent any idea through
multiple representations, including mathematics.16
Math is an important tool, a shorthand that facilitates reasoning.24 Yet, the claim is: “Math can be
hard.” Those who have taught algebra-based courses
will acknowledge that physics is not necessarily easier
when the math is taken out. Empirical findings sup420

port the counterintuitive notion that conceptual questions are in fact more difficult for students than formal
mathematical solutions.22,23 Yet, in team-taught
classes or in multi-section courses with common exams, colleagues often object to conceptual questions
in exams because they are “shallow” or “too easy.”
Furthermore, time spent on conceptual questions
helps student not only get the basic concepts, but it
also increases students’ performance on traditional
problem-solving tasks.23,25 Hence, research findings
argue against this notion of “shallowness” of concepts
by showing that concepts provide a foundation from
which students can construct flexible solutions to different problems.
In conclusion, while we concur that it is time for us
to consider what, how, and who we are teaching, we
disagree with most of Sobel’s claims. We thank him for
his article and welcome this opportunity for our community to collectively reflect on what students ought
to learn from physics courses.
References
1. Michael Sobel, “Physics for the non-scientist: A middle
way,” Phys. Teach. 47, 346-349 (Sept. 2009).
2. D. I. Dykstra Jr., “Against realist instruction: Superficial
success masking catastrophic failure and an alternative,”
Constructivist Foundations 1 (1), 40–60 (2005).
3. E. Brewe, L. Kramer, and G. O'Brien, “Modeling instruction: Positive attitudinal shifts in introductory
physics measured with CLASS,” Phys. Rev. ST Phys.
Educ. Rev. 5 (1), 013102 (2009); E. Etkina and J. P.
Mestre, Implications of Learning Research for Teaching Science to Non-Science Majors (SENCER, Harrisburg, PA,
2004); V. K. Otero and K. E. Gray, “Attitudinal gains
across multiple universities using the Physics and Everyday Thinking curriculum,” Phys. Rev. ST Phys. Educ. Rev.
4, 020104 (2008).
4. A. Newell and H. A. Simon, Human Problem Solving
(Prentice-Hall, Englewood Cliffs, NJ, 1972).
5. R. J. Sternberg and P. A. Frensch, Complex Problem Solving: Principles and Mechanisms (Lawrence Erlbaum Associates, 1991).
6. M. T. H. Chi, P. J. Feltovich, and R. Glaser, “Categorization and representation of physics problems by experts
and novices,” Cognitive Sci. 5 (2), 121-152 (1981).
7. B. Korsunsky, “Cognitive Mechanisms of Solving NonTrivial Physics Problems,” Doctoral dissertation. Harvard University, 2003.
8. M. E. Martinez, “What is problem solving?” Phi Delta
Kappan 79 (8) (1998).
The Physics Teacher ◆ Vol. 47, October 2009

9.
10.

11.
12.

13.

14.

15.

16.

17.

A. B. Arons, “Uses of the past: Reflections on United
States physics curriculum development 1955 to 1990,”
Interchange 24 (1), 105-128 (1993).
W. K. Adams, K. K. Perkins, N. Podolefsky, M. Dubson, N. D. Finkelstein, and C. E. Wieman, “A new
instrument for measuring student beliefs about physics
and learning physics: The Colorado Learning Attitudes
about Science Survey,” Phys. Rev. ST Phys. Educ. Rev.
2 (1), 010101 (2006); E. F. Redish, J. M. Saul, R. N.
Steinberg, and Educational Resources Information Center, “Student expectations in introductory physics,”Am.
J. Phys. 66 (3), 212-224 (March 1998).
J. D. Bransford, A. L. Brown, and R. R. Cocking, How
People Learn (National Academy Press, Washington,
DC, 2000).
J. D. Bransford and D. L. Schwartz, “Rethinking transfer: A simple proposal with multiple implications,” in
Review of Research in Education (American Educational
Research Association, Washington, DC, 1999), pp. 61100.
J. S. Brown, A. Collins, and P. Duguid, “Situated cognition and the culture of learning,” Educ. Res. 18 (1), 32
(1989); A. Collins, J. S. Brown, and S. E. Newman,
“Cognitive apprenticeship: Teaching the crafts of reading, writing, and mathematics,” in Knowing, Learning,
and Instruction: Essays in Honor of Robert Glaser, edited
by Lauren B. Resnick (Lawrence Erlbaum Associates,
Hillsdale, NJ, 1989), pp. 453-494; J. Lave and E.
Wenger, Situated Learning: Legitimate Peripheral Participation (Cambridge University Press, 1991); E. Wenger,
Communities of Practice: Learning, Meaning, and Identity
(Cambridge University Press, 1999).
P. Heller and M. Hollabaugh, “Teaching problem solving through cooperative grouping. Part 2: Designing
problems and structuring groups,” Am. J. Phys. 60 (7),
637-644 (July 1992); P. Heller, R. Keith, and S. Anderson, “Teaching problem solving through cooperative
grouping. Part 1: Group versus individual problem solving,” Am. J. Phys. 60 (7), 627-636 (July 1992).
P. B. Kohl and N. D. Finkelstein, “Patterns of multiple
representation use by experts and novices during physics problem solving,” Phys. Rev. ST Phys. Educ. Res. 4,
010111 (2008); N. Lasry and M. W. Aulls, “The effect
of multiple internal representations on context-rich
instruction,” Am. J. Phys. 75 (11), 1030-1037 (Nov.
2007).
P. B. Kohl and N. D. Finkelstein, “Effects of representation on students solving physics problems: A fine-grained
characterization,” Phys. Rev. ST Phys. Educ. Rev. 2 (1),
010106 (2006).
H. Kiddle, A Text-book on Physics: Being a Short and
Complete Course Based Upon the Larger Work of Ganot,
for the Use of Academies, High School, Etc. (W. Wood &
Company, 1883); R. A. Millikan, H. G. Gale, and W. R.

The Physics Teacher ◆ Vol. 47, October 2009

Pyle, Elements of Physics (Ginn, 1927).
18. A. L. Brown, “Knowing when, where and how to remember: A problem of metacognition,” in Advances in
Instructional Psychology, Vol. I, edited by R. Glaser (Lawrence Erlbaum Associates, Hillsdale, NJ, 1978); J. H.
Flavell, “Metacognitive aspects of problem solving,” Nat.
Intell. 12, 231-235 (1976).
19. X. Lin, J. D. Bransford, C. E. Hmelo, R. J. Kantor, D. T.
Hickey, T. Secules, A. J. Petrosino, S. R. Goldman, and
ABDOS Key, “Instructional design and development
of learning communities: An invitation to a dialogue,”
Educ. Technol. 35(5), 53-63, (1995). B. Y. White and J.
R. Frederiksen, “Inquiry, modeling, and metacognition:
Making science accessible to all students,” Cognition Instr. 16 (1), 3-118 (1998).
20. A. H. Schoenfeld, Mathematical Problem Solving (Academic Press, Orlando, FL, 1985); Cognition and Technology Group at Vanderbilt, “From visual word problems to learning communities: Changing conceptions of
cognitive theory and classroom practice,” Classroom Lessons: Integrating Cognitive Theory and Classroom Practice
(MIT Press, 1994), pp. 157-200.
21. R. R. Hake, “Interactive-engagement versus traditional
methods: A six-thousand-student survey of mechanics
test data for introductory physics courses,” Am. J. Phys.
66 (1), 64-74 (Jan. 1998); I. A. Halloun and D. Hestenes, “The initial knowledge state of college physics students,” Am. J. Phys. 53 (11), 1043-1055 (Nov. 1985); D.
Hestenes, M. Wells, and G. Swackhamer, “Force Concept Inventory,” Phys. Teach. 30 (3), 141-158 (March
1992).
22. E. Kim and S. J. Pak, “Students do not overcome conceptual difficulties after solving 1000 traditional problems,” Am. J. Phys. 70, 759 (July 2002).
23. E. Mazur, Peer Instruction: A User's Manual (Prentice
Hall, Upper Saddle River, NJ, 1997).
24. T. J. Bing and E. F. Redish, “Symbolic manipulators affect mathematical mindsets,” Am. J. Phys. 76, 418 (April
2008); J. Tuminaro and E. F. Redish, “Elements of a
cognitive model of physics problem solving: Epistemic
games,” Phys. Rev. ST Phys. Educ. Rev. 3, 020101 (2007).
25. N. Lasry, E. Mazur, and J. Watkins, “Peer instruction:
From Harvard to the two-year college,” Am. J. Phys. 76
(11), 1066-1069 (Nov. 2008); S.J. Pollock, "Transferring transformations: Learning gains, student attitudes,
and the impacts of multiple instructors in large lecture
courses,” in PERC Proceedings (American Institute of
Physics, Melville, NY, 2006), Vol. 818, pp. 141-144; S.
J. Pollock, “Comparing student learning with multiple
research-based conceptual surveys: CSEM and BEMA,”
in PERC Proceedings (American Institute of Physics,
Melville, NY, 2008), Vol. 1064, pp. 171-174; E. Redish,
Teaching Physics with the Physics Suite (Wiley, 2003).
This book comes with a CD too.
PACS codes: 01.40.Di, 01.55.+b
421

Noah Finkelstein is an associate professor of physics
focusing on Physics Education Research at the University
of Colorado at Boulder (CU). He studies student learning
in context and is director of the effort to integrate STEM
Education at CU.
noah.finkelstein@colorado.edu
Eric Mazur is the Balkanski Professor of Physics and
Applied Physics at Harvard University. He leads a vigorous research program in optical physics and supervises
one of the the largest research groups in the Physics
Department at Harvard University. He is the author of
Peer Instruction: A User’s Manual (Prentice Hall, 1997),

422

DOI: 10.1119/1.3225499

and in 2006 helped produce the award-winning DVD
“Interactive Teaching.”
mazur@physics.harvard.edu
Nathaniel Lasry is professor of physics at John Abbott
College, a faculty member of the Center for Study on
Learning and Performance and an associate with the
Mazur group at the School of Engineering & Applied
Sciences at Harvard University. He currently splits his
time between teaching physics and doing research in
physics education.
lasry@seas.harvard.edu

The Physics Teacher ◆ Vol. 47, October 2009

