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It is argued that Lederman's "Physics First" regime, while not an ideal ramp to science/math literacy for all students,
should nevertheless be vigorously supported as an important opening battle in the full scale war on science/math
illiteracy as envisaged by the AAAS "Project 2061." This is because a widespread first physics course for all ninth
graders might (a) help to overcome some systemic roadblocks to science/math literacy of the general population –
most importantly the severe dearth of effective pre-college science/math teachers, (b) enhance the numbers of physics
major and graduate students, through programs designed to provide a large corps of teachers capable of effectively
teaching physics to vast numbers of students in the Physics First schools: ninth-graders plus those taking highschool honors and AP physics courses.

I. "PHYSICS FIRST"
The Lederman (1999; 2000a,b; 2001a,b; 2002) "Physics First" brigade appears to be
attracting recruits: e.g., two sessions on "Physics First" at the January 2002 AAPT
meeting in Philadelphia; recent pro-"Physics First" editorials by AAPT leaders
(Chiaverina 2002a, Khoury 2001, Hubisz 2001a); a "Physics First" website (Livanis
2000); and "more than a hundred schools around the country . . . that have switched the
sequence to the rational order." (Lederman 2001b). Lederman (1999) writes:
"Our reform thrust, in military metaphor, is toward a weak section of the barriers
to change that surround the school systems. We have observed that 99 percent of
our high schools teach biology in 9th (or 10th) grade, chemistry in 10th or 11th
grade, and, for survivors, physics in 11th or 12th grade. This is alphabetically
correct, but by any logical scientific or pedagogical criteria, the wrong order. A
standards-based science curriculum must contain at least three years of science and
three years of mathematics. And the coherent order begins with 9th grade physics,
taught conceptually and exercising only the math of 8th and 9th grade; then
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chemistry, building on the knowledge of atomic structure to study molecule; then
the crowning glory of modern, molecular-based biology . . . . We stress that this is
a design for all students, work bound, liberal arts-college-bound, or science-andtechnology-bound. The schools that are 'doing it right' report greatly expanded
enrollments in fourth-year electives and Advanced Placement science courses.
Thus, a solid, core curriculum will enlarge rather than . . . (diminish the pool of)
. . . future scientists." (My italics.)

Fig. 1. Lederman's "Physics First" Brigade
II. OPENING BATTLE IN A FULL SCALE WAR ON SCIENCE/MATH ILLITERACY ?
But does P-12 education (P = Preschool) need "Physics First" or "Physics For All," I agree with
Hubisz (2001a) that both are desirable. However, considering the appallingly low level of
science literacy among the general population (NSF 1998, Arons 1983), and society's need to
solve the monumental science-intensive problems (economic, social, political, and
environmental) that beset it (see, e.g., Lederman 1999, Hake 2000a), I would rate "Physics For
All" or, more generally, "Science/Math Literacy for All," as being by far the more important.
Viewed from that perspective, Lederman's "Physics First" reform thrust could be an important
opening battle in a full scale war on science/math illiteracy as envisaged by "Project 2061" of
the American Association for the Advancement of Science (AAAS 20002). As indicated in
AAAS (1989, p. 11), Project 2061 "was started in 1985, a year when Comet Halley happened to
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be in the earth's vicinity. That coincidence prompted the project's name, for it was realized that
the children who would live to see the return of the comet in 2061 would soon be starting their
school years." But I would submit that "2061" could also designate the earliest year by which
scientific literacy as defined in Benchmarks for Science Literacy (AAAS 1993) might
characterize a majority of Americans (even despite the thorough and thoughtful efforts of
Project 2061), given the formidable roadblocks to education reform (Section III), and the
monumental inertia of the U.S. educational system (Hake 2002a, Lesson #13).
Regarding the physics aspects of "Science/Math Literacy for All," the cogent arguments
of Ken Ford (1989) for "Physics for All," starting in the very early grades are worth
considering:
". . . . Physics is difficult in the same way that all serious intellectual effort is
difficult. Solid understanding of English literature, or economics, or history, or
music, or biology - or physics - does not come without hard work. But we typically
act on the assumption (and argue to our principals and deans) that ours is a
discipline that only a few are capable of comprehending. The priesthood syndrome
that flows from this assumption is, regrettably, seductive . . . If physics is not
more difficult than other disciplines, why does everyone think that it is? To answer
indirectly, let me turn again to English. Six-year-olds write English and (to pick a
skilled physicist writer) Jeremy Bernstein writes English. What separates them? A
long, gradual incline of increased ability, understanding, and practice. Some few
people, illiterates, do not start up the hill. Most people climb some distance. A few
climb as far as Bernstein. For physics, on the other hand, we have fashioned a cliff.
There is no gradual ramp, only a near-vertical ascent to its high plateau. When the
cliff is encountered for the first time by. . . (14- or) . . . 16- or 17-year olds, it is
small wonder that only a few have courage (and the skill) to climb it. There is no
good reason for this difference of intellectual topography. First-graders could be
taught some physics . . . (Hammer 1999, Snyder 2001). . . , second-graders a little
more, and third-graders still more (Love 2001) . . . [and Middle School'ers still
more (Hubisz 2001 a,b)]. . . Then for the. . .(ninth-). . . , eleventh- or twelfthgrader, a physics course would be a manageable step. Some might choose to take it,
some not, but few would be barred by lack of 'talent' or background." (My italics.)
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Fig. 2. Ascending a ramp to science/math literacy.

The arguments of Ford are in consonance with:
A. The AAAS "Project 2061" as indicated above.
B. Table 2 of Mahajan and Hake (2000): "A possible physics curriculum." [Inspired by
the pioneering but virtually forgotten work of Louis Paul Benezet (1935/36)]:
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Grade
1 to 8

Physics and Mathematical Ideas
Benezet’s mathematics program as a basis. Add physical quantities to it: angles,
volumes, weight (mass), force (estimating only), density as students learn division,
energy, power. All quantities are related to everyday experience: density of rocks,
volume of houses, power required in climbing stairs or cycling, power in the falling
water at Niagara Falls.
Proportional reasoning and scaling: ‘If you double the side of a cube, what happens
to the volume?’ Use scaling throughout, starting in grade 4, with the introduction
of square measure, and emphasize it especially in grade 8.

9 to 11

Gravitation, motion of planets by hand simulation to develop a tick-by-tick model of
how Newton’s second law works. Dimensions, units, dimensional analysis to guess
formulae. Springs, waves, sound, music, pressure. Matter is made of atoms. This
order would fit with a physics-first curriculum as suggested by Leon Lederman
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Begin exact calculations, including conservation laws.
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C. Table 3 of Mahajan and Hake (2000): "Possible topics for K-12 suggested by Cliff
Swartz (1993)." See also Swartz (1969).
Grade

Physics and Mathematics Topics

1 to 6

Use standard measuring tools.
Students measure their foot lengths, then organize and interpret a class distribution
graph
Students time their pulses, plot a distribution of class results, and make comparisons
with results of before and after physical exercise.
Select the needed apparatus and make all the measurements, calculations, and
graphs to determine who runs faster in their class, tall kids or short kids.

7 to 9

Use standard measuring tools.
Use wire, battery, and bulb with the right tools and connectors to make the bulb
light.
With a convex lens as a magnifier, produce both real and virtual images.
Measure the volume and mass of an object and calculate its density.
Measure work input and output of a simple machine.
Use echoes to measure the speed of sound.

10 to 12 Use standard measuring tools.
Given the mass of a pollutant in a quantity of water, calculate the degree of pollution
in parts per million.
Organize the history of the universe on a power-of-ten map.
Characterize the electromagnetic spectrum in terms of wavelengths, frequencies,
and photon energies, doing necessary calculations and examples to illustrate each
regime.
Use Archimedes’ principle to explain how a boat floats.

D. The National Science Education Standards (NRC 1996).

E. The "Revolutions in the Goals and Methods of K-12 Science Education" (Lopez &
Schultz 2001).
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III. SYSTEMIC ROADBLOCKS TO SCIENCE/MATH LITERACY
Among important roadblocks to science/math literacy are, in my opinion, the following:
A. High-stakes state-mandated tests of reading and mathematics (see, e.g., AAAS
1997e; Heubert & Hauser 1998; AIP 2001; Amrein & Berliner 2002). Will these crowd
out K-8 science education? Heller (2002) writes:
"In many places, science teaching will only survive in the schools if there is an
effort of concerned citizens and teachers stressing its importance for children. The
language of Congress in both the authorization law and the committee report
accompanying the appropriation law can give weight to those efforts. It will clearly
help if university and college groups in collaboration with school districts design
professional development programs for science teachers that also help increase
math and reading test scores."
B. State science standards that are antithetic to the National Science Standards
(NRC 1996) and the AAAS (1993) "Benchmarks for Science Literacy." An
outstanding example is the California science standards (Feder 1998, Woolf 1999). Feder
(1998) writes:
". . . .The standards stress learning facts over conceptual understanding; they will
force teachers into covering subjects superficially just to get through the prescribed
material; their level is too high; they ignore what is known about cognitive
development. . .[Druckman & Bjork (1994), Bransford et al. (1999), Donovan et al.
(1999)] . . . and they are not compatible with the sets of standards already prepared
by the NAS . . .(NRC 1996). . . . and the American Association for the
Advancement of Science . . . . (AAAS 1993)."
C. An antiquated K-12 science/math curriculum [AAAS (1997c; 2000b; 2001a)].
According to the AAAS (2000b):
"In spite of many reform attempts, the 20th century has ended with virtually the
same curriculum it started with—a curriculum that does not effectively teach what
students most need to know and that does little to improve student achievement in
science, mathematics, and technology. Much of the typical curriculum today is
obsolete, fostering little of what is needed for literacy. It is usually assembled from
unrelated fragments, without reference to a conceptual whole and with no
coherence across grade levels or subject matter. Curricula tend to cover too many
topics, far more than can be taught effectively during the average school year.
Curricula also tend to lack the sensitivity or flexibility necessary to meet the needs
of diverse student populations."
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D. Science textbooks that are overstuffed, uninformed by education research, and
often riddled with scientific errors (see, e.g., AAAS 2001b; Raloff 2001a,b; Hubisz
2001c). [For a list of physics-education-research based undergraduate curriculum
materials, including textbooks, see the University of Maryland Physics Education
Research Group site UMPERG (2002).] Harriet Tyson-Bernstein (1988) writes:
"Textbooks, for better or worse, dominate what students learn. They set the
curriculum, and often the facts learned, in most subjects. For many students,
textbooks are their first and sometimes only early exposure to books and to reading.
The public regards textbooks as authoritative, accurate, and necessary. And
teachers rely on them to organize lessons and structure subject matter. But the
current system of textbook adoption has filled our schools with Trojan horses —
glossily-covered blocks of paper whose words emerge to deaden the minds of our
nation’s youth, and make them enemies of learning. . . altering the system of
textbook adoption and consequently the quality of textbooks requires not money,
but enlightened political will." (My italics.)
Attempts to overcome roadblocks "A" – "D" will require considerable educational
redesign (Wilson & Daviss 1994, AAAS 2001a) as well as grass-roots political effort. In
my view those four roadblocks, challenging as they are, will be far easier to overcome
than the fifth and most formidable:
E. The dearth of effective P-12 science/math teachers.

Fig. 3. Whence do get the teachers ?
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The late Arnold Arons (2000), wrote:
"This . . . (consideration of implementing the Benezet (1935/36) method, but the
same considerations apply to "Science/Math Literacy for All") . . . brings us back
to the same old problem: Whence do we get the teachers with the background,
understanding, and security to implement such instruction? They will certainly not
emerge from the present production mills." (My italics.)
The shortage of effective K-12 science/math teachers has recently been emphasized by
the National Science Board (NSF 2002, Dawson 2002), and by Hake (2002c) with
reference to "assessment in the service of student learning."
Among steps that might be taken for alleviating the current shortage of effective teachers
are (in my judgment of approximate order of importance):
1. Motivate universities to discharge their obligations to:
a. Adequately educate prospective K-12 teachers [NSF (1996; 1999a,b); AAAS
(1997f,g); Joint Physics Societies (1999); AAPT (2000); APS (2001); Hake (2002a,
Lesson 12h; 2000a,b). The NSF (1996) Advisory Committee, chaired by Melvin
George, had this to say:
"Many faculty in SME&T. . . . (Science, Math, Engineering, and Technology) . .
. . at the post-secondary level continue to blame the schools for sending
underprepared students to them. But, increasingly, the higher education
community has come to recognize the fact that teachers and principals in the K12 system are all people who have been educated at the undergraduate level,
mostly in situations in which SME&T programs have not taken seriously enough
their vital part of the responsibility for the quality of America’s teachers." (My
italics.)
b. Vigorously pursue R & D directed towards the development and
implementation of effective methods of instruction [Reif (1974); Wilson &
Daviss (1994); AAAS (1993, Chapter 15; 1997g); Redish (1999); NRC (1999);
Duderstadt (2000, 2001); Shavelson & Towne (2001); Pelligrino et al. (2001);
Hake (2002a,b).
c. Think of education in terms of student learning rather than the delivery of
instruction (Barr & Tagg 1995).
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2. Lobby legislators and school boards to treat P-12 teachers like the valued
professionals they are by drastically upgrading their salaries (Heller 2001) and
working conditions (Jones 2001) [especially in the inner cities (Kozol 1992)]. Heller
suggests that teachers be paid at least as much as mechanical engineers. Other concrete
proposals to substantially increase salaries of P-12 teachers have been given by Don
Langenberg (2000), the Hart-Rudman Commission (2001b), and Vladimir Putin [see
Daniszewski (2001)] (but not George Bush). For a review of the Heller, Langenberg, and
Hart-Rudman proposals see Lesson #12i of Hake (2002a).
3. Form collaborations of disciplinary departments with Schools of Education to better
educate prospective teachers and mentor new teachers, as in the recently funded
"PhysTEC" (Physics Teacher Education Coalition) Project
< http://positron.aps.org/educ/undergrad/main-phystec.html >,
< http://www.phystec.org/ >, and Stein (2001).
4. Promote the research and development of effective curricula for pre-service P-12
teachers (AAPT 2002). Examples from physics are the CPU Project, Physics by Inquiry,
Powerful Ideas in Physical Science, Science Helper K-8 CD-ROM, and Workshop
Physical Science.
5. Support the research, development, and operation of programs to enhance the
pedagogical skills and content knowledge of in-service P-12 science/math teachers. For
a hot-linked list of 25 such programs in physics see Hake (2000b, Section IIIC). See also
the resources at the APS "Education and Outreach" website
< http://www.aps.org/educ/ >.
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6. Revitalize moribund science-major programs. Physics departments might consider
improving deficient programs for their majors (Wilson 2002) by implementing the 1960's
"Curriculum S" (Jossem 1964, Ford 1987, Hake 2000b). A very effective Curriculum-Stype program appears to be in operation at Rutgers (Lindenfeld 2001). Ken Ford (1987)
wrote, with characteristic insight:
"From the ….. second Ann Arbor Conference, November 1962 - came a succinct
and memorable recommendation: that two kinds of curricula for physics majors
be developed (to meet the needs of two kinds of students). These were named
curriculum R and curriculum S. Curriculum R (for Research) was the then-current
(and still dominant) undergraduate curriculum, whose principal aim is to prepare
students for graduate study. Curriculum S (for Synthesis) was to serve students
who wanted to study physics as background for something other than physics
research: business, law, medicine, teaching, some other scientific study, or just
informed citizenship. What has happened? Sad to say, nothing. Curriculum R was
already strong and is still strong. Curriculum S did not exist then and it does not
exit now (in first approximation). . . . It is time to look again at Curriculum S . . . .
We need majors with aspirations other than physics research. Ours is an exciting
field, a central part of the liberal arts. It provides a useful background for many
activities. Should we not promote its serious study by future teachers, lawyers,
and business people? Above all, we need a physics major program suitable for
(and attractive to) some of the teachers of the next generation - not just highschool physics teachers, but elementary and middle school teachers as well.”
(My italics.)
7. Implement (a) Master's Degree programs related to teaching and education, such as
two-year Professional Master's Degree physics programs (Norton et al. 2002) and
MAT (Master of Arts in Teaching) degrees (for a discussion see Hake (2000b, Section
IIIE); (b) Ph.D. programs in education research such as now exist for physics in about
20 different departments (for a discussion see Hake 2002a, Lesson #4).
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IV. CONCLUSIONS
The reports of the Glenn (2000), Hart-Rudman (2001a,b); NSF (1996; 1999a,b; 2002);
Joint Physics Societies (1999); AAAS (2002a); AAPT (2000); APS (2001); recent
editorials by AAPT leaders (Khoury 2002, Chiaverina 2002b); and the "No Child Left
Behind Act" (U.S. Congress 2001, Heller 2002); all testify to the current national interest
in improving pre-college teaching and education. On the other hand, there exist very
serious systemic roadblocks to improving P-12 science/math education that may take
sixty years or so to overcome. In the meantime, Lederman's "Physics First" regime, while
not the ideal ramp to science/math literacy, might – if vigorously supported – be adopted
by thousands of U.S. school systems within the next decade. This would auger well for
the eventual attainment of the goal of "Science/Math Literacy for All" by demanding that
serious attention be paid to the several roadblocks that are common to both "Physics
First" and "Science/Math Literacy for All," most importantly, the dire shortage of
effective science/math teachers.
In particular, physics departments might help to overcome this roadblock and at the same
time enhance their numbers of physics major and graduate students, through programs
designed to provide a large corps of teachers capable of effectively teaching physics to
vast numbers of students in the "Physics First" schools: ALL ninth-graders plus those
taking high-school honors and AP physics courses. Then to, once ninth graders have
experienced the excitement of well-taught conceptually oriented physics they will
doubtless flock to enroll in twelfth grade and undergraduate physics classes, many of
them as physics majors.
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