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Th ough ts from  th e  Editor

Th om as D. Rossing

Look ing back  th rough  past issue s of our ne w sle tte r, I 
re alize d th at I h ave  now  se rve d as an e ditor for 10 
ye ars.  During th at tim e , w e  h ave  se e n a num be r of 
ch ange s in th e  Forum  on Education and also in th e  
ne w sle tte r. 

 O ne  th ing th at h asn’t ch ange d is th e  purpose  
of th e  Forum : to se rve  as an are na for th e  inte rch ange  
of ide as conce rning ph ysics e ducation. Th e  ne w sle tte r 
h as ch ange d its form at from  a 12-page  printe d 
ne w sle tte r m aile d to Forum  m e m be rs to be ing poste d 
online .  H ope fully, it is still be ing re ad and se rving as a 
forum  for e xch ange  of ide as.  Som e  issue s h ave  h ad a 
th e m e , som e  h ave  not.  O n a couple  of  occasions, w e  
h ave  h ad a gue st e ditor.

W e  alw ays w e lcom e  contributions from  FEd 
m e m be rs and oth e r re ade rs.  W e  are  e spe cially grate ful 
for Le tte rs to th e  Editor th at addre ss im portant issue s 
and pre se nt th e  contributor’s opinion about ph ysics 
e ducation.  Afte r all th at is w h at a forum  is all about.

Th is issue  include s brie f re ports on ph ysics 
e ducation in four Asian countrie s.  APS is a global 
socie ty, and its m e m be rs are  conce rne d in th e  h e alth  of 
ph ysics e ducation in oth e r countrie s.  O ve r th e  ye ars I 
h ave  be e n fortunate  to participate  in m e e tings of 
ph ysics te ach e rs on five  contine nts, and I h ave  found 
ph ysics te ach e rs to be  e nth usiastic about ph ysics 
e ducation in e ve ry corne r of th e  W orld.   At th e  AAPT 
m e e ting in August, th e re  w e re  se ve ral se ssions on 
inte rnational e ducation.  

Th is issue  h as th re e  th ough tful le tte rs to th e  
e ditor.  Te d H odapp, th e  ne w  APS dire ctor of e ducation 
and outre ach  brings gre e tings, and h is usual sm ile , to 
ne w sle tte r re ade rs.  W e  h ave  also re printe d an e ditorial 
by Jim  Ne lson, AAPT pre side nt, from  th e  AAPT 
Announce r.  Finally, w e  h ave  ne w s about th e  Council on 
Unde rgraduate , activity base d faculty institute s, and 
tw o fe llow sh ips, and a book  re vie w  re printe d from  
Ph ysics in Pe rspective.  H appy re ading!

Le tte rs to th e  Editor

Com m e nts on “W ords Matte r”

I e njoye d th e  sum m e r 2004 FEd ne w sle tte r article  
"W ords Matte r" by Art H obson, and I sh are  m any of h is 
conce rns. I offe r som e  com m e nts on th e se  issue s.

In our calculus-base d intro te xtbook  "Matte r &  
Inte ractions" (w w w 4.ncsu.e du/~ rw ch abay/m i) Ruth  
Ch abay and I consiste ntly use  th e  te rm  "th e rm al e ne rgy 
transfe r" and do not use  th e  w ord "h e at". W e  condition 
th e  nam e  by saying th is is "e ne rgy transfe r associate d 
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w ith  a te m pe rature  diffe re nce ". Alas, w e  find 
e xpe rim e ntally in th e  classroom  th at th e re  are  se rious 
proble m s w ith  th is, too! Th e  stude nts parse  th e  ph rase  
as "th e  transfe r of th e rm al e ne rgy" rath e r th an as "th e  
th e rm al transfe r of e ne rgy". As a re sult th e y continue  to 
confuse  Q w ith  th e  ch ange  in th e rm al e ne rgy.

Ch abay h as starte d using th e  ph rase  "th e rm al 
transfe r of e ne rgy" in h e r te ach ing, w h ich  is sure ly 
be tte r and m ay fix th e  proble m . Anoth e r possibility is to 
call Q "m icroscopic w ork ." Th is is particularly 
appropriate  in our curriculum , w h e re  w e  de libe rate ly 
inte grate  m e ch anics and th e rm al ph ysics as one  
inte grate d subje ct rath e r th an as tw o isolate d subje cts, 
and w h e re  w e  e m ph asize  th e  atom ic nature  of m atte r 
and continually m ak e  m acro/m icro conne ctions (se e  R. 
Ch abay and B. Sh e rw ood, "Bringing atom s into first-
ye ar ph ysics," Am e rican Journal of Ph ysics 67(12), 1045-
1050, De c. 19 9 9  and R. Ch abay and B. Sh e rw ood, 
"Mode rn M e ch anics," Am e rican Journal of Ph ysics 72(4), 
439 -445, April 2004). Th e  te rm  "m icroscopic w ork " is 
also ph ysically corre ct and de scriptive , in th at th e  
e ne rgy flow  is associate d w ith  collisions of (on ave rage ) 
h igh e r-spe e d m ole cule s w ith  (on ave rage ) low e r-spe e d 
m ole cule s, w ith  inte ratom ic force s acting th rough  
distance s.

Anoth e r approach  I've  trie d is to couch  e arly 
e xe rcise s in te rm s of situations w h e re  th e re  w e re  both  
W  and Q, not just Q. If Q = 50 J flow s into w ate r, 
raising th e  inte rnal e ne rgy of th e  w ate r by 50 J, th e  
num e rical e q uivale nce  e ncourage s stude nts to conside r 
th e se  tw o ve ry diffe re nt conce pts to be  th e  sam e  th ing. 
But if Q = 50 J and th e re  is also W  = 20 J of 
m e ch anical w ork  done  (say by stirring th e  w ate r ve ry 
vigorously), th e n th e  th e rm al e ne rgy rise  is 70 J and is 
not num e rically e q ual to Q. Th is se e m s to h e lp q uite  a 
bit.

Using th e  nam ing conve ntions of Fre d Re if, w e  
call Ne w ton's se cond law  "th e  m om e ntum  principle " 
and inste ad of th e  th ird law  w e  spe ak  of th e  
"re ciprocity" of gravitational and e le ctric force s, 
including e le ctric inte ratom ic force s. 

W e  introduce  Ne w ton's se cond law  in th e  
re lativistically corre ct form  . As for th e  
th ird law , w e  dow ngrade  it from  th e  rank  of a law  since  
it is not true  for m agne tic inte ractions (conside r tw o 
protons, one  at th e  origin m oving in th e  + x dire ction 
and th e  oth e r on th e  x axis m oving in th e  + y dire ction; 
you'll find th at th e  m agne tic force s are  not e q ual and 
opposite , and th e  sum  of th e  particle  m om e nta ch ange s 

w ith  tim e , w ith  corre sponding ch ange  in th e  fie ld 
m om e ntum ). Rath e r w e  focus on th e  form  of th e  force  
law  and point out th e  "re ciprocity" inh e re nt in th e  
gravitional force  law  (inte rch ange  m 1 and m 2) and th e  
e le ctric force  law  (inte rch ange  q 1 and q 2). Th is ch ange  
of e m ph asis h e lps unde rstand w h y th e  (inte ratom ic, 
e le ctric) force s e xe rte d by th e  sm all car on th e  big truck  
are  just as big as th ose  e xe rte d by th e  big truck  on th e  
sm all car.

I don't agre e  th at ch e m ical e ne rgy is a k ind of 
pote ntial e ne rgy, be cause  th e  m ole cular e ne rgy le ve ls 
include  k ine tic e ne rgy as w e ll as pote ntial e ne rgy. 
Sim ilarly w ith  nucle ar e ne rgy, w h e re  one  can spe ak  of a 
nucle ar pote ntial e ne rgy, but th e  e ne rgy le ve ls also 
involve  k ine tic e ne rgy as w e ll as pote ntial e ne rgy. I do 
agre e  th at "pote ntial e ne rgy" is not a ve ry good nam e . 
In our course  w e  ofte n spe ak  rath e r of "pair-w ise  
inte raction e ne rgy".

Bruce  Sh e rw ood
D ept. of Ph ysics, North  Carolina State  Unive rsity

Ene rgy

I e njoye d re ading Art H obson’s article 1 in th e  Sum m e r 
2004 Ne w sle tte r and w ish  to com m e nt on tw o points 
de aling w ith  e ne rgy.

1. H obson favors th e  te rm  “th e rm al e ne rgy 
transfe r” but in th e  ne xt se nte nce  note s th at th is sh ould 
not be  confuse d w ith  “th e rm al e ne rgy.” Unfortunate ly, I 
th ink  th is is confusing. Le t’s conside r a diffe re nt k ind of 
e xam ple  to clarify th e  issue . Suppose  th at tw o syste m s 
A and B inte ract (in isolation) and w e  obse rve  th at 
syste m  B h as gaine d ch arge . Th e  corre ct conclusion is 
th at syste m  A lost ch arge  and th at th e re  w as a ch arge  
transfe r from  A to B. Now  tak e  th is e xam ple  and 
substitute  “th e rm al e ne rgy” e ve ryw h e re  th at th e  w ord 
“ch arge ” occurs. O ur corre ct conclusion is now  
m anife stly w rong (unle ss w e  re strict ourse lve s to 
calorim e try e xpe rim e nts!). As Art corre ctly points out, I 
can ch ange  th e rm al e ne rgy by, say, doing w ork .

In m y m ind, th is is e xactly w h y w e  sh ould use  
a te rm  base d on “h e at” and not on “th e rm al e ne rgy 
transfe r.” I don’t w ant stude nts to confuse  th e  e nd re sult 
(ch ange  in th e rm al e ne rgy of an obje ct) w ith  th e  
proce ss (h e at, w ork , particle  transfe r, radiative  transfe r, 
e tc).

Incide ntally, I th ink  th e re ’s also a big proble m  
w ith  sim ply turning h e at into th e  ve rb “h e ating.” In 



com m on te xtbook  parlance , “h e ating/cooling” re fe rs to 
any te m pe rature  or ph ase  ch ange , e ve n if done  by 
w ork . O th e r sligh t ch ange s in w ording such  as “doe s 
h e ating” and “h e ats” don’t fully re solve  th is issue . Som e  
e ducators atte m pt to im pute  a distinct m e aning to 
“w arm ing” as a solution, but stude nts ge ne rally don’t 
appre ciate  such  fine  sh ade s of m e aning.

2. H obson propose s dropping th e  te rm  
“pote ntial e ne rgy” but fails to addre ss th e  issue  of 
conse rvative  force s. It is be cause  th e  adje ctive s 
“pote ntial” and “conse rvative ” are  so close ly re late d 
th at an um bre lla te rm  is de sire d for th e se  form s of 
e ne rgy.

Inste ad Art sugge sts using “m ore  de scriptive  
te rm s” such  as e lastic e ne rgy. But conside r, say, a se t of 
iron atom s joine d toge th e r w ith  m e tallic bonds to m ak e  
a sm all h e lical spiral. Sh ould w e  call th e  inte raction 
e ne rgy be tw e e n th e se  atom s e lastic e ne rgy, ch e m ical 
e ne rgy, or e le ctrostatic e ne rgy? As oth e rs h ave  note d2, 
m any of th e se  de scriptions of “form s” of e ne rgy are  not 
w e ll diffe re ntiate d. In particular, I m yse lf am  not cle ar 
about th e  m e aning of 3 out of th e  5 “com m on” form s of 
pote ntial e ne rgy liste d by H obson. W h at e xactly is 
“e le ctrom agne tic e ne rgy”? If ch e m ical is “m icroscopic 
e le ctrom agne tic,” w h y list it se parate ly from  
“e le ctrom agne tic”? As for “nucle ar,” doe s th at include  
re st e ne rgy? th e  e le ctrom agne tic re pulsion be tw e e n 
protons in a nucle us? strong and w e ak  force  
inte ractions? only th e  e ne rgy re le ase d in fusion/fission 
re actions?

Ene rgy is a ce ntral conce pt in our introductory 
course s and clarifying th e  te rm inology h e re  is e spe cially 
im portant. So I applaud Art’s e fforts but am  not sure  w e  
sh ould start ch anging th e  te xtbook  tre atm e nts of 
th e rm al and pote ntial e ne rgy just ye t.

1. A. H obson, “W ords m atte r,” APS Forum  on Education 
Sum m e r 2004 Ne w sle tte r, pp. 2-4.

2. E. McIldow ie , “A trial of tw o e ne rgie s,” Ph ys. Educ. 
39 , 212-214 (Mar. 2004). Also se e  G. Falk , G. 
H e rrm ann, and G. B. Sch m id, “Ene rgy form s or e ne rgy 
carrie rs?” Am . J. Ph ys. 51, 1074-1077 (De c. 19 83).

Carl Mungan, Ph ysics D e pt., U.S. Naval Academ y, 
Annapolis, MD, 21402-5040
m ungan@ usna.e du

Voodoo Scie nce

For th re e  ye ars I've  taugh t th e  se cond se m e ste r of 
alge bra-base d introductory ph ysics at Em ory Unive rsity. 
Late  in th e  se m e ste r I h ave  th e m  re ad Ch apte r 7 from  
th e  book  Voodoo Scie nce  by Robe rt Park  (O xford 
Unive rsity Pre ss, 2000). Th e  ch apte r discusse s th e  
controve rsy surrounding w h e th e r or not e le ctric pow e r 
line s cause  cance r. Th e  ch apte r include s m any of th e  
scie ntific (and non-scie ntific) studie s done , and m ak e s 
th e  e m ph atic point th at all th e  e vide nce  sh ow s th e re  is 
no link , th at e le ctric pow e r line s do not cause  cance r. 
Furth e rm ore , it discusse s in de tail m uch  of th e  bad 
scie nce  and bad journalism  surrounding th e  issue . Th e  
re ading ble nds tw o topics: e le ctric pow e r line s, re late d 
to th e  ph ysics th e y're  le arning, and h e alth  issue s. Th e  
class is pre dom inantly pre -m e dical stude nts, and th e y 
find th e  article  q uite  inte re sting. Afte r th e  stude nts h ave  
done  th e  re ading as h om e w ork , I le ad a class 
discussion. I try h ard to only ask  q ue stions and m ak e  
ve ry fe w  state m e nts m yse lf -- in ge ne ral, th e  re ading 
h as alre ady done  an e xce lle nt job de fe nding th e  vie w s I 
pe rsonally h old. Th e  stude nts alw ays e nth usiastically 
participate  in th e  discussion; in groups of up to 50, ove r 
h alf of th e m  offe r a com m e nt at le ast once  during th e  
discussion. Usually th e  article  ge ts th e m  q uite  e xcite d, 
in fact; m any of th e  stude nts are  passionate  about th e  
h e alth  issue s th e  re ading raise s. O ne  ye ar, th e  class 
include d m ore  th an tw o h undre d stude nts, so I brok e  
th e m  up into se parate  sm alle r groups ove r tw o days, 
w h ich  re sulte d in re asonable  discussions de spite  th e  
large  class size . Late r, as a h om e w ork  assignm e nt, th e  
stude nts w rite  a tw o paragraph  e ssay re sponding to th e  
re ading, e ith e r on one  of th e  q ue stions I sugge st, or on 
a topic of th e ir ow n. Th e se  e ssays are  m ostly q uite  
good. Stude nt fe e dback , both  inform al and on th e  
anonym ous e nd-of-se m e ste r e valuations, indicate s th at 
th e y re ally e njoy th e  re ading. I h ave  also taugh t th e  
calculus-base d introductory class, and assigne d 
supple m e ntal re adings, cove ring topics such  as 
nanote ch nology, ge ne ral re lativity, and pse udoscie nce . 
Re late d h om e w ork  assignm e nts include d a brie f e ssay 
re sponse  to th e  re ading, or locating a curre nt article  
about th e  topic and e xplaining it in th e ir ow n w ords. 
Th e  e ssays again are  ve ry good and stude nts indicate  
th e y e njoy th e  assignm e nt, and th e  bre ak  from  th e  
traditional ph ysics curriculum . Th e  Voodoo Scie nce  
re ading se e m s to be  th e  favorite , th ough , for both  th e  
alge bra-base d and calculus-base d classe s. You can ge t 
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Gre e tings!

Ted H odapp
APS D ire ctor of Education 
and O utre ach

Earlie r th is ye ar, Fre d Ste in announce d h is re tire m e nt as 
D ire ctor of Education and O utre ach  Program s at th e  
APS.  I w as h appily concluding a 2-ye ar stint at th e  
National Scie nce  Foundation as a Program  O ffice r in 
th e  D ivision of Unde rgraduate  Education and look ing 
forw ard to re turning to th e  classroom  and m y lab at 
H am line  Unive rsity in St. Paul, MN.  Upon h e aring 
about and th e n conte m plating th is job, it se e m e d at first 
a bit daunting give n th e  num be r of e xte nsive  proje cts 
alre ady in m otion.  It also se e m e d lik e  it w ould be  an 
inte re sting ch alle nge , so, w ith  a fe w  conve rsations back  
in M inne sota to put m y acade m ic position on h old for a 
fe w  m ore  ye ars, I de cide d to jum p in.  

Th e  bigge st e ffort by far is to continue  th e  NSF 
and De partm e nt of Education funde d Ph ysTEC proje ct 
(w w w .ph yste c.org) starte d se ve ral ye ars ago by a 
coope rative  e ffort be tw e e n th e  APS, AIP, and AAPT. 
Furth e r e xpansion of th is proje ct is now  continuing 
th rough  funds raise d by th e  APS.  

Th e  proje ct is up and running at 8 institutions 
across th e  country and w e  are  le arning a gre at de al 
about th e  ch alle nge s of bridging th e  gap be tw e e n 
ph ysics de partm e nts and sch ools of e ducation.  Th e  
active  le arning m e th ods be ing im ple m e nte d at th e se  

institutions are  producing appropriate ly m ode le d 
instruction for future  te ach e rs of all grade  le ve ls as w e ll 

as introducing e ducation re se arch -te ste d te ch niq ue s to 
h e lp e xcite  and e ngage  stude nts of introductory ph ysics. 
W e  w ill continue  to build upon th e  succe sse s alre ady in 
place  and w e  are  active ly w ork ing to provide  
convincing e vide nce  of th e  e ffe ctive ne ss of th is m ode l. 
Th e  ch alle nge  ah e ad is to build, th rough  com bine d 
e fforts of th e  th re e  sponsoring organizations, a national 
coalition to h e lp sh are  and build upon be st practice s 
and innovative  ide as th at e ffe ctive ly pre pare  future  
te ach e rs.  You w ill be  h e aring m ore  about th is coalition 
in com ing m onth s.

Be yond Ph ysTEC, I w ill be  w ork ing on and 
w ith  a num be r of proje cts in e ducation at all le ve ls 
including th e  National Task  Force  on Unde rgraduate  
Ph ysics, th e  task  force  on graduate  e ducation, m inority 
sch olarsh ips, and oth e rs.  O ne  of m y goals w ill be  to 
continue  to build bridge s be tw e e n th e  APS and th e  
AAPT to m ak e  be st use  of th e  tale nts and stre ngth s of 
both  our socie tie s.  

I look  forw ard to continuing to w ork  w ith  th e  
Forum  on Education and w e lcom e  your input and ide as 
as th e  Am e rican Ph ysical Socie ty m ove s forw ard w ith  
its e ducation program s.  

Th eodore  H odapp is th e  APS D ire ctor of Education and 
O utre ach . H e  can b e  re ach e d at:
h odapp@ aps.org or 301-209 -3263.
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pe rm ission to distribute  copie s of Ch apte r 7 from  
Voodoo Scie nce  from  w w w .copyrigh t.com  for a fe e . 
Alte rnative ly, your cam pus book store  m ay be  able  to 
h andle  th is for you by le tting you distribute  a 
course pack  w ith  th e  copie s, w ith  th e  copyrigh t fe e  as 
part of th e  price . Inte re ste d te ach e rs can contact m e  by 

e m ail for a list of discussion q ue stions I've  use d w ith  th e  
Voodoo Scie nce  re ading. Don't w orry, using e m ail w on't 
cause  cance r e ith e r! 

Eric R. W e e k s, Ph ysics D e partm ent, Em ory Unive rsity, 
Atlanta, GA 30322
w e e k s@ ph ysics.e m ory.e du

W h e re  are  th e  "Scie nce  
Candidate s"?

Jim  Nelson (re printe d from  th e  AAPT Announce r w ith  
pe rm ission)

A national e le ction is  fast approach ing and I 

notice  a lack  of candidate s spe ak ing to issue s  on 

inte re st to th e  scie ntific com m unity le t alone  th e  

ph ysics com m unity.  D uring th e  re ce nt AAPT m e e ting 

in Sacram e nto, I w as w aiting at th e  airport to pick  up 

participants for th e  AAPT/PTRA Sum m e r Institute , 

w h e n I struck  up a conve rsion w ith  a local police  

office r.  Eve ntually h e  ask e d w h y I w as visiting 

Sacram e nto, and I indicte d th at I w as atte nding a 

m e e ting of th e  Am e rican Association of Ph ysics 

Te ach e rs.  Th e  ne xt w ords out of h is  m onth  w e re , "I 

h ate d ph ysics!  I h ate d it th e  first day!!"  I w onde re d, 



profe ssionals from  oth e r countie s in part due  to th e  
im pact of h om e land se curity infrastructure .  I pre dict 
th at th is pre se nt difficulty of adm itting stude nts from  
oth e r nations and culture s to our unive rsitie s and th e  
pre se nt attitude  tow ard e m igrants w ill h ave  disastrous 
im pact on not only our national de fe nse  but also on our 
"good guy" on th e  block  im age .  An im age  th at is 
re inforce d e ve ry tim e  w e  te ll a pote ntial stude nt h e  or 
sh e  is w e lcom e  at our unive rsitie s and in our nation.

I am  only one  te ach e r, but I h ave  re ce ntly se t a 
goal for m yse lf w h e n w ork ing w ith  h igh  sch ool stude nts 
and w ith  fe llow  te ach e rs during AAPT/PTRA 
w ork sh ops, "...to do no h arm ."  Much  lik e  a doctor's 
patie nts, m y stude nts sh ould le ave  m y classroom  be tte r 
th an w h e n th e y e nte re d, w ith  an im prove d 
unde rstanding of scie nce , w ith  a be lie f th at th e y can do 
and unde rstand ph ysics if th e y ch ose  to do so, and a 
re alization of th e  im portance  of scie nce  to our nation's 
e conom y and de fe nse .  It is th e  m ost patriotic th ing I 
can th ink  to do daily.  I k now  th at I h ave  faile d in th is 
re gard in th e  past, but I am  de te rm ine d not to do so 
again.  I am  not sugge sting th at ph ysics is e asy or th at 
grade s sh ould be  inflate d.  To m aste r any topic re q uire s 
de dicate d e ffort, but I am  sugge sting th at w e  can do 
be tte r job of m ak ing ph ysics inte re sting and e xciting for 
both  th e  future  ph ysicist and th e  future  citize n 
re gardle ss of th e  nation th at stude nt calls h om e .

Pe rh aps our e fforts w ill produce  a m ore  
scie ntific lite rate  public and m ore  citize ns w h o 
unde rstand th at our national e conom y and de fe nse  are  
tigh tly tie d to th e  stre ngth  of our scie ntific com m unity. 
I h ope  w e  w ill all m e e t fe w e r police  office rs w h o 
be lie ve  th at ph ysics and ph ysicists are  unple asant.

Jim  Nelson is Pre sid e nt of AAPT.  H e  h as b e e n a ph ysics 
te ach e r in Florida and Pennsylvania since  19 61.  H e  
re ce ive d th e  AAPT Aw ard for Excellence  in Pre -College  
Ph ysics Teach ing in 2000, and Pre sid e ntial Aw ard for 
Excellence  in Scie nce  Teach ing in 19 85.  H e  se rve d as 
d ire ctor of th e  PTRA program .
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h ow  could th at h appe n on th e  first day?  Pe rh aps it w as 
not th e  first day, but th at w as th e  office r's im pre ssion.  I 
ask e d h im  if h e  dislik e d sch ool in ge ne ral or just 
ph ysics, and th e  answ e r w as, "I w as not ve ry good at 
m ath e m atics and th e y are  th e  sam e ."  I could te ll 
im m e diate ly th e  office r w as able  to spe ak  articulate ly, 
so I spe nd a fe w  m inute s trying to m ak e  an argum e nt 
th at ph ysics is not th e  sam e  as m ath e m atics.  Ph ysics is 
th e  innate  h um an ne e d to m ak e  se nse  of th e  natural 
w orld, and th at a gre at de al of unde rstanding about th e  
natural w orld can be  e xpre sse d using ve rbal 
de scriptions as w e ll as m ath e m atical de scriptions.  Alas, 
I m ade  no h e adw ay in th is brie f e xch ange .

I h ave  not done  a surve y, but I fe ar th e re  are  
far m ore  pe ople  th an ne ce ssary w ith  th is office r's 
attitude  about th e  subje ct w e  love .  I w onde r aloud 
w h at is th e  source  of such  attitude s?  Th e n th e  difficult 
re alization se ts in  - as Pogo sugge sts, "W e  h ave  m e t th e  
e ne m y and it is us."  O r as Randall Knigh t points out in 
h is re ce nt book , Five  Easy Le ssons, " Ph ysics! th at w as 
m y w orst subje ct.  You m ust be  so sm art to unde rstand 
it!  Pe rh aps an e go booste r th e  first couple  of doze n 
tim e s you h e ar th is, but it slow ly daw ne d on m e  th at 
th is re m ark  w as saying som e th ing significant - and 
disagre e able ! - about th e  subje ct I love ."

No w onde r th e re  is little  discussion of th e  
issue s im portant to th e  ph ysics com m unity - th e re  is 
re ally no political capital in th is.  At a tim e  w h e n w e  
ne e d th e  support and unde rstanding of political 
de cision m ak e rs, w e  are  not ge tting m uch  atte ntion. 
Too ofte n w e  convince  oth e rs th at ph ysics is only for th e  
spe cial fe w  and w e  do not ne e d th e m .  Pe rh aps it is 
naive  on m y part to be lie ve  th at h aving m ore  citize ns 
unde rstanding ph ysics w ill turn m ore  atte ntion to th e  
ph ysics com m unitie s ne e ds w h e n th e y are  m ost 
pre ssing, but I sugge st w e  give  it a try.  W h e n te ach ing 
our stude nts w e  ne e d to re m e m be r th at w e  w ill lik e ly 
ne e d th e se  stude nt's unde rstanding and support in th e  
future .  W e  ignore  th is to not only our pe ril, but also th e  
pe ril of our nation.

W e  ne e d m ore  policy m ak e rs in W ash ington 
w h o unde rstand th e  long-te rm  conse q ue nce s of our 
pre se nt e ne rgy policy, m ore  policy m ak e rs in 
W ash ington w h o unde rstand th e  contribution of 
e m igrants to our scie ntific k now le dge  and th us our 
national de fe nse .  At pre se nt unive rsity ph ysics 
de partm e nts in th e  Unite d State s are  h aving a ve ry 
difficult tim e  attracting fore ign stude nts and e ve n 
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Th e  Council on Unde rgraduate  
Re se arch :  Enh ancing th e  
Unde rgraduate  Re se arch  
Expe rie nce  at Your Institution

Beth  Cunningh am  and Te rry O sw alt

Maybe  you are  a ne w  faculty m e m be r at a prim arily 

unde rgraduate  institution starting to build your ow n 

re se arch  program .  O r m aybe  you h ave  be e n te ach ing 

for a num be r of ye ars and h ave  som e  e xpe rie nce  w ith  

unde rgraduate s in your lab but you are  inte re ste d in 

e nh ancing th e ir e xpe rie nce .  Maybe  you w ant to involve  

unde rgraduate s in your re se arch  program  but w onde r if 

you can offe r re w arding proje cts for an unde rgraduate  

stude nt.  In all of th e se  case s, th e  Council on 

Unde rgraduate  Re se arch  (CUR) can provide  valuable  

re source s.

Th e  m ission of CUR is to support and prom ote  

h igh -q uality unde rgraduate  stude nt-faculty 

collaborative  re se arch  and sch olarsh ip.  CUR curre ntly 

h as 3,000 m e m be rs re pre se nting ove r 870 institutions 

in e igh t acade m ic divisions. Eve n th ough  CUR's prim ary 

advocacy is in support of faculty and stude nts at 

pre dom inantly unde rgraduate  institutions, faculty and 

adm inistrators at com pre h e nsive  and re se arch  

institutions are  ve ry w e lcom e  and can be ne fit from  th e  

se rvice s th at CUR provide s.

CUR w as e stablish e d tw e nty five  ye ars ago. 

Th e  first proje ct initiate d w as th e  publication of a 

dire ctory on Unde rgraduate  Re se arch  in Ch e m istry at 

Unde rgraduate  Institutions (Private  Libe ral Arts 

Colle ge s) in 19 79 . O ve r th e  ye ars, CUR divisions h ave  

e xpande d to include  oth e r natural scie nce s, first adding 

Ph ysics/Astronom y and Biology follow e d by Ge ology, 

Math e m atics and Com pute r Scie nce , Psych ology, and 

Engine e ring.  Four ye ars ago th e  Social Scie nce s 

division w as adde d in re cognition th at unde rgraduate  

re se arch  goe s be yond th e  natural scie nce s.  CUR also 

include s an At-Large  D ivision for grant adm inistrators 

and unde rgraduate  re se arch  program  dire ctors.  

Th e  com m on be lie f of CUR councilors and 

m e m be rs is th at re se arch  is one  of th e  be st form s of 

e xpe rie ntial te ach ing.  To th is e nd, CUR provide s 

faculty de ve lopm e nt program s and h e lps adm inistrators 

nurture , im prove , and asse ss th e  re se arch  e nvironm e nts 

of th e ir institutions.  For e xam ple , CUR publish e s a 

q uarte rly ne w sle tte r as w e ll as a se rie s of "H ow  To" 

book s.  Th e se  are  de signe d to sh are  succe ssful m ode ls 

and strate gie s for e stablish ing and institutionalizing 

unde rgraduate  re se arch  program s.  CUR also provide s 

se rvice s in support of its m ission.  Th e se  se rvice s 

include  discipline -spe cific consultancy for de partm e ntal 

and institutional re vie w s, ne w  faculty m e ntoring, and 

an active  list-se rve  (CURLS) de signe d for m e m be rs to 

post q ue rie s on issue s re late d to unde rgraduate  

re se arch , job notice s, e tc.  

CUR se rve s th e  unde rgraduate  re se arch  

com m unity m any oth e r w ays.  For e xam ple , it organize s 

and h osts "Poste rs on th e  H ill," an annual poste r 

pre se ntation on re se arch  findings by unde rgraduate s on 

Capitol H ill.  It adm iniste rs a com pe titive  program  of 

sum m e r fe llow sh ips for unde rgraduate  stude nts 

e ngage d in re se arch .  Th e  CUR Fe llow s Aw ards 

re cognize s le ade rs in unde rgraduate  re se arch .  It also 

sponsors fre q ue nt CUR Institute s on proposal w riting, 

institutionalizing unde rgraduate  re se arch , and 

de ve loping program s th at m aintain faculty vitality post 

te nure .

CUR is active  in th e  scie nce  policy-m ak ing 

are na.  Th e  national h e adq uarte rs are  locate d in 

W ash ington, D.C., giving CUR a strong pre se nce  on 

Capital H ill.  CUR continue s to forge  ne w  link age s 

be tw e e n th e  unde rgraduate  re se arch  com m unity, th e  

fe de ral gove rnm e nt, and industry.  CUR m aintains 

dire ct com m unication w ith  fe de ral and private  funding 

age ncie s and h osts th e  "April Dialogue s," an e ve nt th at 

provide s acce ss to program  office rs at a varie ty of 

funding age ncie s.  CUR dire ctly re m inds Congre ss of 

th e  im portance  of unde rgraduate  by h osting th e  annual 

"Poste rs on th e  H ill."  CUR pre pare s position pape rs, 

participate s in form al h e arings, and coope rate s w ith  

siste r socie tie s on various initiative s.  Finally, CUR k e e ps 

its individual and institutional m e m be rs abre ast of th e  

m any de ve lopm e nts and tre nds in scie nce  policy and 

funding th at occurs e ach  ye ar.

CUR sponsors bie nnial national m e e tings.  Th e  

11th  CUR National Confe re nce  w ill be  h oste d by 

De Pauw  Unive rsity, June  24-27, 2006.  During th e  

national m e e tings, faculty active ly e ngaging 

unde rgraduate s in re se arch  and adm inistrators w h o 



provide  support pre se nt th e ir "be st practice " m e th ods. 
Additionally, re pre se ntative s from  fe de ral and private  
funding age ncie s are  available  to discuss ne w  and 
e xisting funding opportunitie s.  Finally, th e  national 
m e e ting provide s inform al se ttings to le arn m ore  about 
unde rgraduate  re se arch  and sh are  th e  dialog w ith  
confe re nce  participants.  

Pe rh aps you h ave  h e ard about NCUR (th e  
National Confe re nce  on Unde rgraduate  Re se arch ) and 
w onde r h ow  NCUR and CUR diffe r.  NCUR and CUR are  
tw o se parate  organizations.  NCUR organize s an annual 
confe re nce  of stude nt pre se ntations e ach  spring. 
Stude nts from  all acade m ic discipline s and all 
institutions of h igh e r e ducation sh ow case  th e ir 
sch olarsh ip in th e  form  of poste r pre se ntations.  Th e  
ne xt NCUR m e e ting w ill be  h e ld at Virginia M ilitary 
Institute  and W ash ington and Le e  Unive rsity on April 
20-22, 2005.  If you are  look ing for a ve nue  for your 
unde rgraduate  stude nts to pre se nt th e ir w ork , th is is a 
gre at w ay for th e m  to m ak e  a form al pre se ntation as 
w e ll as se e  w h at oth e r unde rgraduate  stude nts across 
th e  US are  doing.

CUR is a grassroots organization w h ose  
principal support com e s from  its due s-paying individual 
and institutional m e m be rs.  Th e  active  m e m be rs, w ith  
support from  th e  national office , provide  th e  base  

th rough  w h ich  CUR activitie s and program s are  m ade  
possible .   Th e  Ph ysics and Astronom y D ivision is one  of 
th e  m ost active  divisions.  Four of CUR's 16 past 
pre side nts h ave  be e n Ph ysics/Astronom y Councilors. 
Curre nt proje cts be ing unde rtak e n by th e  division 
include  de ve loping a sm alle r scale  dire ctory of 
unde rgraduate  re se arch  in de partm e nts across th e  US 
and e xam ining w ays to asse ss th e  e ffe ct of 
unde rgraduate  re se arch  in a m ore  rigorous m anne r. 
Any of th e  Ph ysics/Astronom y CUR councilors w ould be  
m ore  th an h appy to provide  h e lpful inform ation to you.

W e  e ncourage  you to e xplore  th e  CUR w e bsite  
(h ttp://w w w .cur.org) to le arn m ore  about our active  
and grow ing organization.  

Beth  Cunningh am  is profe ssor of ph ysics and associate  
de an of th e  faculty at Buck nell Unive rsity.  Sh e  is a 
m em b e r of th e  FEd Executive  Com m itte e , Ch air of th e  APS 
Com m itte e  on Education,  and a Councilor in th e  
Ph ysics/Astronom y division of CUR.

Te rry O sw alt is profe ssor of ph ysics and space  sice nce s and 
associate  de an at Florida Institute  of Tech nology.  H e  is 
also a Councilor in th e  Ph ysics/Astronom y division of 
CUR.  
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Ph ysics Education in Ne pal

Ch oodam ani K h anal and Sim on George

Ne pal is a landlock e d and inde pe nde nt de m ocratic coun-
try w ith  constitutional m onarch y, form ing an im portant 
part of th e  H im alayan re gion of South -e ast Asia. Th e  
population of Ne pal, as pe r 2001 ce nsus, is 23.2 m illion 
w h ile  it w as 18.5 m illion, as pe r th e  19 9 1 ce nsus. 
Around 80%  of th e  total population re side s in th e  rural 
are as. 

Scie ntific and te ch nological de ve lopm e nt in 
Ne pal h as m ove d at a slow  pace  and agriculture  re -
m ains th e  m ost critical se ctor in th e  e conom y, contribut-
ing alm ost h alf of th e  nation's GDP (gross dom e stic 
product) and th e  national e conom y h as be e n ch aracte r-
ize d by h e avy de pe nde nce  on agriculture . Th e  grow th  
rate  of th e  agricultural se ctor is de clining, and contribu-
tion of th e  non-agricultural se ctor tow ards th e  GDP is in-
cre asing. Th e  re al grow th  rate  of th e  GDP h as re m aine d 
at alm ost 3-4%  for th e  last fe w  de cade s, putting it at 

par w ith  th e  population grow th  rate . 
Industrialization in Ne pal starte d in th e  ye ar 

19 36. Th e  e arly ye ars of Ne pal's industrial h istory w e re  
plague d w ith  infrastructural proble m s and lack  of any 
concre te  policie s on th e  part of H MG/N. As a re sult, 
m any industrie s h ad to close  dow n. Th e  first gove rn-
m e ntal e ffort to give  a boost to th e  industrialization pro-
ce ss starte d in th e  ye ar 19 56, w h e n th e  first industrial 
policy for th e  country w as form ulate d.

Th e  bulk  of th e  population stays in rural are as 
and is e ngage d in agriculture  and allie d activitie s. Th e re  
is a sm all uppe r class of socie ty, re siding m ainly in Kath -
m andu and fe w  oth e r district h e adq uarte rs, w h ose  liv-
ing standards are  com parable  to th ose  of th e  W e ste rn 
e conom ie s. Th e  re st of th e  population h as ve ry m ode st 
living standards. 

Ne pal is one  of th e  le ast de ve lope d country 
(LDC) h aving $240 pe r capita incom e . Th is cle arly indic-
ate s curre nt back w ardne ss of scie ntific innovation and 
th e  furth e r im portance  of prope r scie ntific policy for th e  
country's de ve lopm e nt.



Prim ary and Se condary Education

Prim ary le ve l is from  k inde rgarte n up to grade  five ; 
low e r se condary le ve l is up to grade  e igh t; se condary 
le ve l - grade  nine  and te n, and  h igh e r se condary le ve l 
up to class tw e lve . Th e  basics of English  language  use d 
to be  taugh t, be ginning only from  grade  4 in public 
sch ools. Ne pal h as tw o type s of sch ools: Public sch ools 
w h ich  are  com ple te ly finance d by H is Maje sty's gove rn-
m e nt and th e  private  sch ools ope rating on inde pe nde nt 
re source s. 

Th e  sch ool curriculum  is com m on w ith  re spe ct 
to Scie nce  in all Public and Private  sch ools th rough out 
th e  country. Pre scribe d standard scie nce  te xtbook s are  
use d in all th e  sch ools. 40%  of scie nce  contains ph ysics 
and 30%  e ach  for Ch e m istry and Biology e ach . Final 
Sch ool e xam inations are  conducte d by th e  ce ntral 
Sch ool Le aving Ce rtificate  (S.L.C.) Exam ination Board, 
H MG for both  Public and Private  Sch ools Stude nts on 
th e  succe ssful com ple tion of sch ool e ducation. 

Se condary e ducation in Ne pal h as be e n ch arac-
te rize d by rapid grow th  and continuous ch ange . During 
th e  ye ar 19 51-19 9 7, th e  num be r of se condary sch ools 
in th e  country incre ase d from  11 to 3322, th e  num be r 
of te ach e rs incre ase d from  120 to 1649 4 and stude nt e n-
rollm e nt incre ase d from  1680 to 344034. 

Th e  rapid grow th  of se condary e ducation in th e  
country ove r th e  past de cade s h as adve rse ly affe cte d 
th e  q uality of pe rform ance , particularly in se condary 
sch ool scie nce . During th e  ye ar 19 87-19 9 7, w h ile  stu-
de nt e nrollm e nt figure s in Se condary Sch ool incre ase d 
by ove r 100% , q uality (m e asure d by passing pe rce ntage  
in th e  S.L.C e xam ination) re m aine d low.

Th e  basic obje ctive  of se condary e ducation is to 
de ve lop scie ntific sk ills in th e  stude nts and th e  ability to 
look  for th e  scie ntific re asons be h ind th e  natural ph e -
nom e na, tak ing place  in th e ir daily live s and also to lay 
in th e m  a foundation for advance d course s in scie nce . 
More  stude nts re gard com pulsory scie nce  as one  of th e  
m ore  difficult S.L.C subje ct, w h ich  is also e vide nce d by 
th e  low  passing pe rce ntage  in S.L.C scie nce s. Th e  ave r-
age  m ark s in scie nce  in th e  S.L.C  O nly a ve ry fe w  te ach -
e rs e njoy te ach ing scie nce  as an inte re sting and re le vant 
part of daily life . Th e re  sh ould be  provision to m ak e  sci-
e nce  a live ly and e njoyable  subje ct for th e  ave rage  stu-
de nts and ge ne ral population. 

A look  back  at th e  se condary sch ool e ducation 
in Ne pal sh ow s th at w ith  th e  re com m e ndation of Ne pal 
National Education Planning Com m ission (NNEPC) in 

19 56 and th at of all-round National Education Com m it-
te e  (ARNEC) in 19 61, se condary Education be cam e  
m ore  organize d. Th e  introduction of th e  National Educa-
tion Syste m  Plan (NEPS) m ade  it m ore  ne e d-base d and 
application-orie nte d. Scie nce  w as introduce d as a se par-
ate  subje ct and se condary curriculum  be ing h om e  sci-
e nce  and public k now le dge . 

H igh e r Education

In Ne pal scie nce  (Ph ysics at h igh e r le ve l) is taugh t in 
tw o w ays. O ne  k ind of syllabus is provide d by Trib-
h uvan Unive rsity as tw o-ye ar inte rm e diate  le ve l, I.Sc. 
(h igh e r le ve l study afte r SLC), and th e  oth e r is provide d 
by th e  h igh e r se condary e ducation board as 10+ 2. Tw o 
paralle l le ve ls of studying Ph ysics e xist in Ne pal h aving 
alm ost th e  sam e  course s of study. Th e  m ain te xt book  is 
Advance d Level Ph ysics (fifth  e dition) by Ne lk on-Park e r. 
Th e  basic diffe re nce  in th e se  tw o le ve ls is th e  distribu-
tion of th e  course s and nature  of q ue stions attribute d. 
For e xam ple  long q ue stions lik e  "De rive  an e xpre ssion 
for a tim e  pe riod of a se cond pe ndulum " is ask e d and nu-
m e rical proble m s lik e  "A uniform  ste e l w ire  of le ngth  m  
and are a of cross se ction 3x10-6m 2 is e xte nde d 1m m . 
Calculate  th e  e ne rgy store d in a w ire  (Young m odulus 
=2.0x10"Nm -2)". But in 10+ 2 le ve l, sh ort answ e r q ue s-
tions lik e  "W h y doe s th e  m oon h ave  no atm osph e re ?" 
are  ask e d but th e  num e rical proble m s are  of th e  sam e  
k ind as pre viously m e ntione d.

Apart from  th e  th e ore tical im plication, diffe r-
e nt practical e xpe rim e nts are  pe rform e d at th e  laborat-
ory to m e e t th e  conce pts and visualize  th e  th ings, w h ich  
is taugh t in th e orie s. Most of th e  practical e xpe rim e nts 
are  done  from  curre nt e le ctricity and m agne tism , op-
tics, sound w ave s, h e at and m e ch anics. Stude nts w ill 
te st and ve rify im portant ph ysical law s by th e m se lve s. 
For e xam ple , studying h e at th e y m e asure  th e  spe cific 
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h e at of w ate r; th e  late nt h e at of fusion of ice  e tc. In e le c-
tricity, conve rsion of am m e te r into a voltm e te r, th e  re la-
tionsh ip be tw e e n curre nt, voltage  and re sistance  in 
se rie s and paralle l circuits e tc are  th e  basic e xpe rim e nts.

At pre se nt th e  m ain e m ph asis is give n to a sci-
e ntific conce pt of proble m s. For th is, diffe re nt te ach ing 
m e th ods h ave  be e n follow e d. Mode rn m e th od of te ach -
ing by ove rh e ad proje ctor, audiovisual, talk  program s 
and se m inars h ave  be e n e xe rcise d at private  colle ge s 
and little  is done  in public colle ge s.

Th e  standard of syllabus at th e se  le ve ls is sim il-
ar to th at in Am e rican colle ge s w ith  an e xposition of th e  
conce pts of ph ysics toge th e r w ith  th e  applications and 
q uantitative  m anipulations. M e ch anics, Th e rm odynam -
ics, O ptics, Ele ctricity and Magne tism , Sound W ave s, 
Atom ic Ph ysics (Nucle ar Ph ysics) are  th e  m ajor course s 
of th is le ve l. 

O ne  of th e  m ain re asons for th e  slow  pace  of sci-
e nce  e ducation is lack  of prope r funding. Be ing th e  one  
of th e  le ast de ve lope d countrie s, Ne pal is facing inad-
e q uate  funding in e ducation in ge ne ral and scie nce , 
ph ysics in particular. Unive rsity Grants com m ission and 
Royal Ne pal Acade m y of Scie nce  and Te ch nology 
(RO NAST) h ave  be e n playing a significant role  in finan-
cial se ctors. RO NAST h e lps in th e  re se arch  base d pro-
gram s. Th e  financial support h as be e n provide d by th e  
acade m y for diffe re nt type s of re se arch  in scie nce  and 
te ch nology. Th e  profe ssors are  h igh ly q ualifie d in th e ir 
re spe ctive  discipline s and provide  th e  be st e ducation.    

Inte rnal capacity of th e  Ph ysics de partm e nt for 
th e  m aste r's program  is for 60 stude nts pe r ye ar. Stu-
de nt's pre ssure  e xte nde d additional 60 stude nts from  
2003. Stude nts h ave  raise d th e ir voice s to adm it at le ast 
one  th ird of th e  total applicants. Th e ir voice  h as be e n 
te m porarily acce pte d. Th e re  are  h ardly any jobs in th e  
fie ld of ph ysics be side s te ach ing. Le ss th an 10%  of th e  
ph ysics graduate s ge t th e  gove rnm e nt jobs inside  or out-
side  Ph ysics fie ld, about 50%  ch oose  te ach ing profe s-
sion w h ile  re st 40%  of th e m  try to go abroad for furth e r 
studie s. Am ongst th ose  w h o se e k  gre e ne r pasture s, 
m ore  th an 9 0%  com e  to th e  land of opportunity, USA. 
Th e  stude nts w ith  a de gre e  in ph ysics h ave  a be tte r op-
portunity to go abroad for furth e r studie s. Th is is one  of 
th e  re asons w h y stude nts w ant to go for Ph ysics. Th e  
political instability of th e  country is anoth e r m ajor con-
tributing factor.

Conclusion

Th is article  sk e tch e s th e  ove rall picture  of th e  state  of 
e ducation, particularly Ph ysics e ducation in Ne pal. In th e  
rapidly grow ing scie ntific w orld, it is th e  e ducation th at 
de te rm ine s th e  le ve l of prospe rity, w e lfare  and se curity. Th is 
article  h as re ve ale d th e  true  state  of Ph ysics e ducation in 
Ne pal. Le t us h ope  th at future  ch ange s in scie nce  e ducation 
w ill build a ne w  Ne pal w ith  le ss pove rty and m ore  
prospe rity: a ne w  Ne pal w ith  a stable  social and political 
orde r and e q ual opportunity for all.

Kingdom  of Ne pal in a Nutsh e ll
Capital: Kath m andu
Total Are a: 54,363.18 m i2 140,800.00 k m 2

(sligh tly large r th an Ark ansas)
Population: 25,284,463 (July 2001 e st.)
Est. Pop. in 2050: 53,29 3,874
Language s: Ne pali (official; spok e n by 9 0%  of 

th e  population),about a doze n 
oth e r language s and about 30 
m ajor diale cts. 

Lite racy: 27.5%  total, 40.9 %  m ale , 
14%  fe m ale  (19 9 5 e st.)

Re ligions: H induism  86.2% , Buddh ism  7.8% , 
Islam  3.8% , oth e r 2.2%

Life  Expe ctancy: 58.65 m ale , 57.77 fe m ale  (2001 e st.)

W e  are  th ank ful to Profe ssor Lok  Narayan Jh a, H e ad of th e  
D e partm e nt of Ph ysics, Tribh uvan Unive rsity, Profe ssor 
Sh e k h ar Gurung, Principal of Tribh uvan Unive rsity. W e  are  
also th ank ful to Bh uw an Kh anal, De partm e nt of Journalism , 
Ratna Rajya Cam pus, Tribh uvan Unive rsity, Ne pal, w ith out 
h is support it w ould h ave  not be e n com ple te d.

Re fe re nce s:
Unive rsity Grants Com m ission Annual Re port 2001/2002
M inistry of Education and Culture ) Statistics and Com pute r 
Se ction
O CE (O ffice  of th e  Controlle r of Exam inations)
CBS (Ce ntral Bure au of Statistics) Ne pal
Ce ntral De partm e nt of Ph ysics, Tribh uvan Unive rsity

Ch oodam ani K h anal ck h anal@ csulb.e du
Sim on George ge orge s@ csulb.e du
Departm ent of Ph ysics and Astronom y 
California State  Unive rsity, Long Beach , CA 9 0840
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Ph ysics Education in Kore a

 June h e e  Yoo

Kore a is locate d in th e  e aste rn se ction of th e  Asian 
contine nt. Th e  total land are a of south  Kore a is about 
110,000 k m 2 and th e  population is 48 m illion. Th us th e  
population de nsity is approxim ate ly 476 pe rsons pe r 1 
k m 2 w h ich  is am ong h igh e st in th e  w orld. As of 2002, 
pe r capita GNI of Kore a w as $10,013. Se m i conductors, 
iron-ste e l, sh ip building, autom obile  and m ach ine ry are  
th e  m ain e xports. Re ce ntly, IT industry h as grow n and 
th e  broadband inte rne t is use d w ide ly. 

Many pe ople  be lie ve  th at e ducation h as be e n 
th e  m ajor source  of traine d m anpow e r in various fie lds, 
e spe cially scie nce  and e ngine e ring up to now. But 
re ce ntly th e  de cline  in th e  num be rs and falloff in 
q uality of scie nce  and e ngine e ring m ajor stude nts are  
conside re d as big proble m s. 

Sch ool Ph ysics

Kore a h as a single  track  6-3-3-4 syste m  w h ich  m aintains 
a single  line  of sch ool le ve ls. To e nsure  th e  standard 
q uality of e ducation, th e  national curriculum  for e ach  
sch ool le ve l, crite ria for de ve lopm e nt of te xtbook s and 
instructional m ate rials are  pre scribe d by law. Th e  
national curriculum  h as be e n re vise d on a pe riodic basis 
and th e  7th  curriculum  h ad be e n re vise d in 19 9 7 unde r 
th e  principle s of e nrich ing e le m e ntary and basic 
e ducation, incre asing se lf-dire cte d ability and 
incre asing autonom y at th e  le ve l of  local and sch ool. 

Th e  7th  curriculum  introduce s te n basic 
com m on subje cts, autonom ous activitie s, and spe cial 
activitie s th at cove r th e  te n ye ars from  th e  first ye ar of 
e le m e ntary sch ool th rough  th e  first ye ar of h igh  sch ool. 
As a re sult, all stude nts tak e  scie nce  le ssons th re e  tim e s 
a w e e k  up to th e  10th  grade . Ele ctive  subje cts are  

introduce d for th e  final tw o ye ars of h igh  sch ool and 
ph ysics I/II, ch e m istry I/II, biology I/II, and e arth  
scie nce  I/II are  provide d as e le ctive  subje cts. Scie nce  
and e ngine e ring track  stude nts e nroll in tw o of th e m  at 
le ast. Ph ysics is not th e  m ost popular scie nce  subje ct as 
th e  Table  1 sh ow s th at 18 %  of th e  w h ole  stude nt tak e  
it at Mock  Colle ge  Sch olastic Ability Te st in 2005. 

According to th e  TIMSS-R and PISA studie s, 
th e  ave rage  ach ie ve m e nt of Kore a se e m s lik e  to be  
good. But inte rnally se ve ral proble m s, such  as low  
pe rce ntage  and low  score  of uppe r 5 %  group, th e  
bigge st ge nde r diffe re nce , and low  score  of affe ctive  
dom ains are  found.  

Re ce ntly, W ISE (W om e n in Scie nce  and 
Engine e ring) h as be e n launch e d to prom ote  girls tak ing 
th e  scie nce  and e ngine e ring track . Large  scale  of 
prom otions such  as m ode rnizing labs, im proving 
ph ysics te xtbook , and scie ntific culture  e ve nts are  
tak ing place . Also som e  e ncouraging re sults in 
inte rnational com pe titions, such  as Ph ysics O lym piad 
and IYPT h ave  occurre d (Table  2). But on th e  oth e r 
h ands, industry is com plaining about th e  falloff of 
m anpow e r q uality, and it is re garde d as se rious for th e  
e conom y of th e  ne xt ge ne ration.

Ne w  tre nds in Ph ysics Education

Am ong m any approach e s to boost th e  num be r of 
stude nts w h o tak e  th e  scie nce  and e ngine e ring track  
and raise  th e  q uality of ach ie ve m e nts in ph ysics, tw o 
fe ature d e nte rprise s, ph ysics e ducation in cultural 
conte xt and MBL w ill be  de scribe d. 

Ph ysics Education in cultural conte xt-scie ntific 
e xploration at cultural site s--Scie ntific e xploration at 
cultural site , such  as old palace , w orld cup stadium , 

Table  1. Ph ysics I and II tak ing Mock  Colle ge  Sch olastic 
Ability Te st 2005

MBL at Ch unch e on National Unive rsity of Education

Table  2. Rank  of Kore a at Ph ysics O lym piad and IYPT
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w orld cultural h e ritage , and m use um s h ave  be e n 
de ve lope d and re se arch e d active ly from  th e  ye ar of 
19 9 8, th e  1st APEC Youth  Scie nce  Fe stival w as h e ld. At 
th at tim e , scie ntific e xploration program s at 
Ch angduk gung palace , Ce ladon village , Kore an folk  
village  and O ld printing m use um  w e re  de ve lope d and 
e valuate d as uniq ue  program s during th e  1st APEC Youth  
Scie nce  Fe stival. Afte r th at, program s for various site s 
h ave  be e n de ve lope d and m any re se arch  h ave  sugge ste d 
th at scie ntific e xploration at cultural site s w ould give  a 
ch ance  for stude nts to do a re al scie nce  and se ttle  th e  
scie nce , originate d in th e  W e ste rn culture , in Kore a. 

O ne  e xam ple  is th e  scie ntific e xploration at 
National Folk  Muse um , locate d at dow ntow n Se oul, 
w h ich  e xh ibits m ore  th an 7,000 colle ctions about 
h igh ligh ts of cultural h e ritage s, th ings for e ve ryday life . 
Be cause  of it's h uge  am ount of colle ctions, stude nts and 
te ach e rs can ch oose  som e  of favorite  e xh ibitions am ong 
th e m  according to th e ir inte re sts and ne e ds. Th us 
diffe re ntiate d approach  for stude nts' abilitie s and 
inte re sts w ould be  done  as w e  e xpe ct during e xploration 
as w e ll as STS approach . Espe cially, at th e  National Folk  
Muse um , m any m ode ls and m iniature s are  e xh ibite d to 
sh ow  th e  proce ss of m ak ing m e tal arts, ce ladon and 
h andcrafts. Also, th e  old instrum e nts such  as tre ad m ill, 
snow  sh oe s, sun dials, distilling potte ry and so on, can 
sh ow  th e  w ay h ow  th e  ph ysical principle s can be  applie d 
dire ctly w h ile  m ode rn instrum e nt look s lik e  black  boxe s. 
But m ost of th e  e xh ibitions are  untouch able , so activitie s 
at th e  m use um  are  re stricte d w ith in e stim ation and 
obse rvation. Also for th e  ne w  ge ne ration th e  colle ctions 
are  so unacq uainte d th at th e y m igh t be  uninte re ste d in 
th e  colle ctions and fe e l difficultie s in e laborating th e ir 
ow n inq uiry proble m s. 

A group of ph ysics e ducators, le d by Em e ritus 
Profe ssor Sungjae  Pak  at Se oul National Unive rsity, h as 
be e n de ve loping th e  guide book s for stude nts and scie nce  

te ach e rs and doing re se arch e s. Th rough  th e  re se arch  
re sults and discussions, a prim itive  te ach ing m ode l h as 
be e n de ve lope d as a prope r approach  to th e  scie ntific 
e xploration at cultural site s.

Th e  Kore an gove rnm e nt and opinion le ade rs are  
voicing th e ir conce rns about th e  falloff in scie nce  and 
e ngine e ring m ajor stude nts from  2001. Espe cially 
ph ysicists are  w orrying about th e  radical falloff in 
ph ysics m ajor stude nts. O ne  of th e  w ays to boost th e  
num be r of scie nce  and e ngine e ring m ajor stude nts is 
im prove  sch ool scie nce  e ducation and m ode rnizing th e  
sch ool scie nce  and ph ysics lab is ge tting to be  a big 
issue s. M icrocom pute r-base d-labs (MBL) is one  of th e  
k e yw ords and m any pre -se rvice   and in se rvice  te ach e r 
training course s h ave  adapte d MBL e xpe rim e nts. 
Espe cially, sound re late d e xpe rim e nts are  ge tting 
popular w ith  MBL. Som e  active  te ach e rs are  introducing 
MBL in th e ir ow n lab gradually.  Th e  Kore a Scie nce  
Foundation h as h e ld a nation w ide  com pe tition for 
m iddle  sch ool stude nts and h igh  sch ool stude nts, in 
w h ich  participants pe rform  scie ntific inq uiry 
e xpe rim e nts using com pute rs. 

June h e e  Yoo is an assistant profe ssor at D epartm ent of 
Ph ysics Education, Seoul National Unive rsity, Kore a. 

Dr Yoo e xplains th e  le ngth s of pipe  and pitch e s 
at National Folk  Muse um

Stude nts discuss sundials at King Se jong's tom b

M iddle  sch ool stude nts are  doing 
e xpe rim e nts using MBL e q uipm e nts.
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Ph ysics Education in Malaysian 
Sch ools

Fath aiyah  Abdullah  and A Rah m an O m ar

In Malaysia, th e  te ach ing of ph ysics as a subje ct be gins 
at th e  uppe r se condary le ve l k now n as form  four or 
ye ar 10 of th e  sch ool syste m . Prior to th at, ph ysics is 
taugh t as part of th e  scie nce  subje ct.

Th e  le ve l of ph ysics taugh t at uppe r se condary 
le ve l (form  four and five ) is th at of th e  'O '- le ve ls of th e  
British  Syste m . Th rough  th e  m id se ve ntie s, th e  m e dium  
of instruction w as English , and th e  te xtbook s use d w e re  
th ose  use d in th e  British  Com m onw e alth  such  as Ph ysics 
by Abbot. For th e  'A'-le ve ls th e  standard te xt w as th at of 
Ne lk on and Park e r.

From  th e  m id-se ve ntie s until re ce ntly, th e  
m e dium  of instruction h as be e n Malay. Subse q ue ntly 
te xtbook s w e re  w ritte n in Malay and som e  English  
book s w e re  translate d. O ve r th e  ye ars, th e  curriculum  
h as ch ange d in orde r to be  at par w ith  'O '-le ve l. O ne  
th ing th at re m aine d re lative ly unch ange d w as th e  
laboratory. Sam e  e xpe rim e nts using sam e  se t of 
apparatus w e re  carrie d out ove r th e  past th irty ye ars. To 
illustrate  a fe w , tick e r tape s w e re  still use d to analyze  
m otion; w oode n trolle ys (th e  w h e e ls of w h ich  h ave  
friction) w e re  use d to ve rify conse rvation of 
m om e ntum ; and rubbe r bands, trolle ys and incline d 
plane  w e re  use d to ve rify Ne w ton's law s of m otion.

Until re ce ntly, a practical e xam ination, in 
w h ich  stude nts carrie d out assigne d e xpe rim e nts, w as 
part of th e  e xam ination. Th e  e xpe rim e nts w e re  not 
m ade  k now n until th e  day of th e  e xam . Stude nts h ave  
to be  pre pare d w ith  th e  sk ill and k now le dge  of th e  
e xpe rim e nt. Th is k ind of e valuation w as re place d by 
giving grade s to e xpe rim e nts carrie d out by stude nts at 
a point w h e re  th e  stude nts are  proficie nt. Te ach e rs w e re  
som e h ow  pre ssure d to give  good grade s to th e ir 
stude nts. Good m ark s from  th e  practical som e h ow  
dilute d th e  q uality of ach ie ve m e nt of th e  stude nts. W e  
strongly be lie ve  th at th is w as th e  case  be cause  of th e  
sk ills th e  stude nts attaine d w h e n th e y e nte r th e  
unive rsity w e re  de clining. Th e re  are  talk s about 
re instating th e  practical e xam ination.

In 2002, th e  Gove rnm e nt of Malaysia took  tw o 
m ajor de cisions: English  w as to be  use d as m e dium  of 
instruction for scie nce  and m ath e m atics and ICT-base d 
e ducation is to be  im ple m e nte d. Th e  proce ss of 
re ve rting to English  as m e dium  of instruction w ould be  

done  in stage s, starting in 2003, and by 2008 it w ill be  
in full sw ing. All 9 ,533 gove rnm e nt sch ools w ill be  
provide d w ith  laptops, LCD proje ctors, scre e ns, trolle ys 
and printe rs. Ne w  com pute r labs w e re  to be  constructe d 
too.

Since  for m ore  th an tw o de cade s scie nce s h ave  
be e n taugh t in Malay, th e re  is a ne e d for re training of 
scie nce  te ach e rs. Fe w  program s w e re  carrie d out. 
D istrict English  language  coordinators w e re  appointe d, 
and th e y are  re sponsible  for th e  im prove m e nt of 
com m and of English  am ong te ach e rs. Eve ry scie nce  and 
m ath e m atics te ach e r w as give n a note book  so th at ICT-
base d e ducation can be  im ple m e nte d.

In 19 9 6 a brainstorm ing se ssion at th e  M inistry 
of Education re sulte d in th e  conce ption of Sm art Sch ool 
Initiative s. Parts of th e  obje ctive s of e stablish ing such  
sch ools w e re  to de m ocratize  e ducation so as to provide  
e ve ry ch ild w ith  e q ual acce ss to le arning and to 
produce  w ork force  th at is ICT lite rate . Initially fe w  
sch ools w e re  ch ose n. Te le k om  Sm art Sch ool (TSS), a 
private  e ntity, w as ch ose n to spe arh e ad th e  initiative s. 
TSS and partne rs h ave  de ve lope d course w are  for th e  
sm art sch ools. W ith  th e  policy ch ange  on m e dium  of 
instruction, TSS h as to re do th e  course w are  in English . 
Th e  e fforts h ave  paid divide nd since  m any countrie s 
w ill adopt curriculum  de ve lope d by TSS. W h at w as 
de ve lope d in th e  course w are  h as be e n th e  subje ct 
m atte r. No laboratory activitie s w e re  de ve lope d as ye t. 
W e  h ave  pre se nte d to TSS th e  ne e d for an active -
le arning e nvironm e nt using m icrocom pute r-base d 
laboratorie s (MBL) and inte ractive  le cture  
de m onstrations (ILD). Th e  ne xt stage  of 
im ple m e ntation of Sm art Sch ool Initiative  could be  th e  
de ploym e nt of MBL and ILD. Re ce ntly our prim e  
m iniste r h as de cide d th at all sch ools in Malaysia are  to 
be  m ade  Sm art Sch ools.

In re sponse  to th e  ne e d of te ach e r to be  
proficie nt in English , Unive rsiti Pe ndidik an Sultan Idris 
(UPSI) h as de cide d th at all scie nce  and m ath e m atics 
subje cts at th e  unive rsity are  to be  taugh t in English . 
Th e  e ffort h as starte d since  acade m ic cale ndar 
2003/2004.

Fath aiyah  Abdullah  and A Rah m an O m ar are  at th e  
Unive rsiti Pendid ik an Sultan Idris,
359 00 Tanjong Malim , Pe rak , M alaysia 
a.rah m an@ upsi.e du.m y 
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Ph ysics Education in Pak istan

Aziz Fatim a H asnain

Th e  Islam ic Re public of Pak istan is situate d in th e  
north w e st of South  Asia.  About 180 m illion pe ople  live  
on a land of 79 6,000 sq . k m  h aving US $450 pe r capita 
incom e .  Pak istan's e conom y is base d on agriculture  and 
agricultural products.  Th e  port of Karach i also plays a 
m ajor role  in supporting its e conom y.  In Pak istan one  
m ay find Islam ic value s fine ly m ixe d w ith  5000 ye ars of 
cultural h e ritage .

Many of th e  e conom ic de ve lopm e nt program s 
cannot ach ie ve  th e ir goals be cause  of th e  2.9 %  annual 
population grow th .  Education and h e alth  se ctors are  
th e  one s badly affe cte d by th is grow th  rate .

Education in Pak istan

Th e  M inistry of Education is re sponsible  for form al and 
inform al e ducation in Pak istan.  Education de partm e nts 
in th e  province s control th e  adm inistration of prim ary 
to colle ge  le ve l e ducation, w h ile  th e  H igh e r Education 
Com m ission tak e s up m atte rs re late d to h igh e r 
e ducation at th e  unive rsitie s.  Unive rsitie s h ave  th e ir 
ow n curricula and e xam ination syste m .  For te ch nical 
e ducation th e re  are  se parate  district office s and boards 
of e xam ination in th e  province s.

To bring its socie ty into consonance  w ith  th e  
ch ange s tak ing place  in th e  w orld, th e  Pak istani 
Gove rnm e nt h as initiate d m any de ve lopm e nt program s 
to e nh ance  scie ntific and te ch nological capabilitie s in 
e ve ry fie ld.  Com pute r e ducation h as be e n introduce d 
at th e  grass roots le ve l.  Com pute r labs w ith  Inte rne t 
conne ctivity h ave  be e n se t up in sch ools and colle ge s to 
m ak e  th e  com pute r te ch nology acce ssible  to e ach  and 
e ve ry stude nt.  W ith  th e  de ve lopm e nt of IT in Pak istan, 
de m and for e xpe nditure  on h igh e r e ducation and 
re se arch  h as incre ase d.

Th e re  are  about 32 unive rsitie s and 9  de gre e  
aw arding institute s in th e  public se ctor, and 18 
unive rsitie s and 9  de gre e  aw arding institute s in th e  
private  se ctor.  Th e re  are  about 475,000 stude nts in th e  
unive rsitie s.  Most of th e  private  unive rsitie s offe r 
busine ss or com pute r e ducation to stude nts.  O ut of five  
m e dical unive rsitie s th e re  are  th re e  private  unive rsitie s, 
and one  out of four e ngine e ring unive rsitie s be long to 
th e  private  se ctor.

A stude nt starts le arning scie nce  in th e  prim ary 
sch ools, including introductory k now le dge  of conce pts 

from  biology, ch e m istry, and ph ysics.  Scie nce  is 
com pulsory up to class e igh t.  Afte r class e igh t, stude nts 
h ave  th e  option to continue  e ducation in four m ajor 
groups: 1) scie nce  group; 2) ge ne ral scie nce  or 
h um anitie s group; 3) h om e  e conom ics group; 4) 
com pute r scie nce  group.  A stude nt, afte r com ple ting 
10 ye ars of se condary e ducation in any of th e  groups at 
th e  age  of 15, m ay continue  a 2-ye ar course  of h igh e r 
se condary e ducation in th e  sam e  group.  At th is stage , 
anoth e r option, a com m e rce  group, is offe re d to 
stude nts.  Afte r passing th e  h igh e r se condary 
e xam ination, stude nts join profe ssional colle ge s or 
unive rsitie s.

Ph ysics e ducation

Ph ysics as a subje ct is introduce d in class 9  and 10, and 
it is com pulsory for scie nce  stude nts.  Ph ysics is taugh t 
e ve ry ye ar up th rough  class 18 (m aste rs le ve l).  A 
rath e r traditional style  of te ach ing is follow e d at all 
le ve ls.  It is a com m on practice  to conce ntrate  th e  
te ach ing/le arning proce ss around th e  pre scribe d 
syllabus.  Te ach e rs avoid de m onstration of ph ysical 
conce pts be cause  of th e  nonavailability of  e q uipm e nt. 
Th e re  are  ce rtain constraints in th e  syste m , w h ich  do 
not le t th e  te ach e r de ve lop h e r/h is sk ills of te ach ing. 
Te ach ing base d on te xtbook s and e xam ination is th e  
m ajor source  of inh ibiting th e  individual's capabilitie s. 
Ve ry little  atte ntion is paid to de ve loping proble m  
solving sk ills and conce pt building am ong stude nts. 
Th e re  are  te ach ie r training program s for sch ool and 
colle ge  te ach e rs, but th e se  program  do not play an 
e ffe ctive  role  in ch anging th e  te ach ing/le arning patte rn. 

Re se arch  in ph ysics

Quaid-e -Azam  Unive rsity h as contribute d a lot in 
producing Ph Ds in Pak istan. So far it h as produce d ne ar 
about 100 Ph Ds in ph ysics. QAU h as laboratorie s 
facilitate d w ith  soph isticate d e q uipm e nt for re se arch . 
Th e  statistics about Ph Ds produce d from  oth e r 
unive rsitie s is significantly low. Th e  re ason for sm all 
num be r of stude nts opting re se arch  for h igh e r de gre e  is 
th at unive rsitie s abroad attract th e m .

Apart from  unive rsitie s, th e re  are  re se arch  
institute s in Pak istan w h e re  stude nts pe rform  re se arch . 
Th e  Pak istan Atom ic Ene rgy Com m ission and its 
affiliate d institutions, th e  Ce ntre  for Solid-state  Ph ysics, 
and th e  A.Q Kh an re se arch  Laboratorie s are  th e  pre m ie r 
re se arch  institute s.
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Re ce ntly, th e  H igh e r Education Com m ission h as 
e stablish e d a list of supe rvisors w h o are  involve d in 
re se arch  activity and offe r Ph D program  for stude nts. 
Th e  w e bsite  is h e c.gov.pk  at th is w e bsite  one  m ay also 
find update d list of stude nts w h o are  involve d in 
re se arch  program  e spe cially th e  w e bsite  of Quaid-e -
Azam  Unive rsity.

Strate gie s for de ve lopm e nt

Th e  H igh e r Education Com m ission h as now  be com e  a 
controlling auth ority for te rtiary e ducation. Th e  first 
task  of H EC is to im ple m e nt a "Mode l Unive rsity Plan." 
In its m ode l unive rsity plan, H EC h as give n a ne w  
dim e nsion to adm inistrative  and acade m ic structure  of 
state  unive rsitie s as w e ll as to private  unive rsitie s. H EC 
h as form ulate d advisory groups at th e  national le ve l for 
th e  prom otion of basic scie nce s. An advisory group for 
ph ysics, w h ich  consists of ph ysicists from  unive rsitie s 
and re se arch  organizations, h as be e n constitute d. Th e  
function of th is group is to bring forth  proble m s re late d 
to ph ysics and pre pare  proposals for th e  im prove m e nt 
of ph ysics e ducation in Pak istan. A four ye ar BSc 
course , propose d and de signe d by National Ce ntre  for 
Ph ysics h as be e n subm itte d to H EC.  A re se arch  
program  in nano-ph ysics, subm itte d by an advisory 
group, w as approve d by H EC. Pre se ntly th re e  groups 
are  involve d in nano-ph ysics  proje ct according to 
available  facilitie s in th e  institutions. Tw o groups are  
w ork ing at QAU and PAEC at Islam abad and th e  th ird 
group is w ork ing at Karach i Unive rsity.

O bstacle s

Th e  m ajor obstacle  is th at our auth oritie s are  not ye t 
convince d th at good ph ysics e ducation plays an 
im portant role  in th e  de ve lopm e nt of country.  It is h ard 
to e xpe ct good ph ysics e ducation from  le ast m otivate d 
and nonq ualifie d te ach e rs of ph ysics at se condary 
sch ools.  Poorly m anage d te ach ing laboratorie s at 
colle ge s and unive rsitie s h ave  affe cte d th e  pe rform ance  
of stude nts.

Ce ntre  for ph ysics e ducation

Unde r th e  patronsh ip of Dr. Abdus Salam , som e  
de dicate d ph ysics te ach e rs be longing to unive rsity, 
colle ge s and sch ools e stablish e d a Ce ntre  for Ph ysics 
Education, Karach i in 19 9 1 to prom ote  conce ptual 
unde rstanding of ph ysics at all le ve l and to se rve  it as a 
re source  ce ntre  for ph ysics te ach e rs w h e re  th e y could 
upgrade  th e ir k now le dge  of ph ysics. Eve r since  th e se  
te ach e rs organize d th e ir first w ork sh op on te ach ing of 
ph ysics in 19 85, th e y h ave  be com e  th e  pione e rs of 
se tting ne w  tre nds in te ach ing of ph ysics. Th e se  
te ach e rs h ave  be e n succe ssful in de ve loping CPE into a 
re source  ce nte r for ph ysics in w h ich  one  m ay find 
book s, pe riodicals and oth e r instructional m ate rial 
including m any costly softw are  program s of ph ysics. 
CPE is proud of e stablish ing Com pute r Base d Ph ysics 
Laboratory at APW A Govt Colle ge  in 19 9 5.

Th e  Ce ntre  for Ph ysics Education is ve ry w e ll 
re cognize d at inte rnational forum  of ph ysics e ducation, 
e spe cially in Asian re gion. From  th e  CPE platform  w e  
h ave  organize d w ork sh ops, se m inars and training 
program s at local as w e ll as inte rnational le ve l. 
Re ce ntly in 2003, 2nd Inte rnational Confe re nce  on 
Ph ysics Te ach ing w as succe ssfully organize d, in 
collaboration w ith  th e  Ph ysics De partm e nt, Unive rsity 
of Karach i. In th at confe re nce  w e  h ad spe ak e rs from  
Italy, Malaysia, Ne pal, Ph ilippine , Sudan and USA. Th is 
activity w as sponsore d by UNESCO  Jak arta, Abdus 
Salam  Ce ntre  for Th e ore tical Ph ysics Italy, Ph illip 
Industrie s of Pak istan and th e  National Ce ntre  for 
Ph ysics, Quaid-e -Azam  Unive rsity, Islam abad.

Aziz Fatim a H asnain is Secretary Gene ral of th e  Centre  
for Ph ysics Education in Karach i.  H e r e m ail addre ss is 
afh asnain@ h otm ail.com .
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Activity Base d Ph ysics Faculty 
Institute s

Priscilla Law s

Are  you inte re ste d in incre asing your stude nts' 
unde rstanding of th e  ph ysical w orld? 2-ye ar colle ge , 4-
ye ar colle ge  and unive rsity faculty are  invite d to atte nd 
one  of th e  NSF-sponsore d Activity Base d Ph ysics Faculty 
Institute s to be  h e ld at th e  Unive rsity of O re gon in 
sum m e r 2005 and at D ick inson Colle ge  in Ce ntral 
Pe nnsylvania in sum m e r 2006. Th e se  one -w e e k  
Institute s w ill e ncourage  faculty to use  active  le arning 
strate gie s and te ach ing m e th ods base d on ph ysics 
e ducation re se arch  by 1) giving th e m  h ands-on 
e xpe rie nce  w ith  th e  m ate rials in th e  Activity Base d 
Ph ysics Suite , 2) assisting th e m  w ith  m odifying th ose  
m ate rials for use  in th e ir ow n course s, and 3) providing 
continue d follow -up support for th e  five  ye ars of th is 
proje ct. Th e  institute s w ill be  taugh t by Priscilla Law s 
(D ick inson Colle ge ), David Sok oloff (Unive rsity of 
O re gon), Ronald Th ornton (Tufts Unive rsity) and 
Patrick  Coone y (M ille rsville  Unive rsity). Ple ase  visit our 
w e b site : 
h ttp://dark w ing.uore gon.e du/~ sok oloff/abpi.h tm  for 
m ore  inform ation and an application.

Unive rsity of O re gon 2005 Se ssions: June  20 - June  24 
or June  27 - July 1 (atte nd e ith e r)

D ick inson Colle ge  2006 Se ssions: June  19  - 23 or June  
26 - June  30 (atte nd e ith e r)

APS Congre ssional Scie nce  
Fe llow sh ip

Th e  Am e rican Ph ysical Socie ty is curre ntly acce pting 
applications for th e  Congre ssional Scie nce  Fe llow sh ip 
Program . Fe llow s se rve  one  ye ar on th e  staff of a 
se nator, re pre se ntative , or congre ssional com m itte e . 
Th e y are  afforde d an opportunity to le arn th e  le gislative  
proce ss and e xplore  scie nce  policy issue s from  th e  
law m ak e rs' pe rspe ctive .  In turn, Fe llow s h ave  th e  
opportunity to le nd scie ntific and te ch nical e xpe rtise  to 
public policy issue s.

Qualifications include  a Ph D or e q uivale nt in 
ph ysics or a close ly re late d fie ld, a strong inte re st in 
scie nce  and te ch nology policy and, ide ally, som e  
e xpe rie nce  in applying scie ntific k now le dge  tow ard th e  
solution of socie tal proble m s.  Fe llow s are  re q uire d to 
be  US citize ns and m e m be rs of th e  APS.

Te rm  of appointm e nt is one  ye ar, be ginning in 
Se pte m be r of 2005 w ith  participation in a tw o-w e e k  
orie ntation sponsore d by AAAS.  Fe llow s h ave  
conside rable  ch oice  in congre ssional assignm e nts.  A 
stipe nd of $50,000 is offe re d in addition to allow ance s 
for re location, in-se rvice  trave l, and h e alth  insurance  
pre m ium s.

Application sh ould consist of a le tte r of inte nt 
of approxim ate ly 2 page s, a list of k e y publications, a 2-
page  re sum e  and th re e  le tte rs of re fe re nce .  Ple ase  se e  
th e  APS w e bsite  
h ttp://w w w .aps.org/public_affairs/fellow /inde x.cfm  for 
de taile d inform ation on m ate rials re q uire d for applying 
and oth e r inform ation on th e  program .

All applications m ust be  postm ark e d by January 17, 
2005 and sh ould be  se nt to th e  follow ing addre ss:

APS Congre ssional Scie nce  Fe llow sh ip Program
C/o Jack ie  Be am on-Kie ne
APS Exe cutive  O ffice
O ne  Ph ysics Ellipse
Colle ge  Park , MD 20740-3843

AIP State  De partm e nt Scie nce  
Fe llow sh ip

Th is Fe llow sh ip re pre se nts an opportunity for scie ntists 
to m ak e  a uniq ue  contribution to U.S. fore ign policy. At 
le ast one  Fe llow  annually w ill be  ch ose n to spe nd a ye ar 
w ork ing in a bure au of th e  State  De partm e nt, providing 
scie ntific and te ch nical e xpe rtise  to th e  D e partm e nt 
w h ile  be com ing dire ctly involve d in th e  fore ign policy 
proce ss. Fe llow s are  re q uire d to be  U.S. citize ns and 
m e m be rs of at le ast one  of th e  10 AIP M e m be r Socie tie s 
at th e  tim e  of application. 

Qualifications include  a Ph D in ph ysics or 
close ly re late d fie ld or, in outstanding case s, e q uivale nt 
re se arch  e xpe rie nce . Applicants sh ould posse ss inte re st 
or e xpe rie nce  in scie ntific or te ch nical aspe cts of fore ign 
policy. Applications sh ould consist of a le tte r of inte nt, a 
tw o-page  re sum e , and th re e  le tte rs of re fe re nce . Ple ase  
visit h ttp://w w w .aip.org/gov/sdf.h tm l for m ore  de tails. 
All application m ate rials m ust be  postm ark e d by 
Nove m be r 1, 2004 and se nt to: 

AIP State  De partm e nt Scie nce  Fe llow sh ip
Am e rican Institute  of Ph ysics, Attn: Audre y Le ath
O ne  Ph ysics Ellipse
Colle ge  Park , MD  20740-3843.
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Brow sing th e  journals . . .

Th om as D. Rossing

•A th ough tful e ditorial by Paul H e w itt e ntitle d "Th e  
th re e  stage s of le arning" appe ars in th e  Se pte m be r issue  
of Ph ysics W orld.  H e  re m inds us th at Robe rt Karplus 
found le arning  e ffe ctive ne ss is m axim ize d by a th re e -
stage  cycle  consisting of e xploratory activity, concept 
developm ent, and applications.  Stage  1 is base d on 
stude nts' e xpe rie nce  (e .g., dunk ing obje cts into w ate r 
be fore  ge tting into Arch im e de s' principle ). 
Explanations and de finitions are  tre ate d in stage  2, 
w h ich  involve s using te xtbook s and oth e r conve ntional 
approach e s to ph ysics te ach ing.  Stage  3 include s 
solving proble m s and doing lab e xpe rim e nts. 
Unfortunate ly, te ach e rs are  usually sh ort of tim e  and 
se nd stude nts straigh t to stage  3 and th e n w onde r w h y 
th e y struggle .  
H e w itt sugge sts th at m ore  q ualitative  q ue stions be  
include d in e xam s.  "If w e  give  about 50%  of m ark s to 
such  q ue stions th e n conce pt de ve lopm e nt w ould 
naturally be com e  a k e y part of th e  course s.  Te xtbook s 
sh ould provide  solutions to q ualitative  q ue stions as w e ll 
as to num e rical proble m s.  O ur obligation as te ach e rs is 
to h e lp stude nts le arn th e  conce pts th at unde rlie  th e  
profe ssions th e y ch oose .  Math e m atical sk ills and 
proble m  solving are  im portant but sh ould be  se condary 
for stude nts at an introductory le ve l.
•"Re se arch  in proble m  solving" is th e  subje ct of a 
Re source  Le tte r in th e  Se pte m be r issue  of  Am e rican 
Journal of Ph ysics.  Many instructors w ould lik e  th e ir 
stude nts to le arn to use  ph ysics principle s and conce pts 
to solve  proble m s, but th e y k now  th is is a difficult task . 
Afte r e ve n th e  m ost lucid le cture s, only a fraction of th e  
stude nts are  able  to solve  proble m s w ith  th e  de sire d 
facility.  To h e lp m ore  stude nts be com e  com pe te nt 
proble m  solve rs, it is use ful to study h ow  pe ople  solve  
and le arn to solve  proble m s. 
•Since  publication of th e  AAAS re port "Scie nce  for all 
Am e ricans" (19 89 ), com m issions, pane ls, and w ork ing 
groups h ave  agre e d th at re form  in scie nce  e ducation 
sh ould be  founde d on "scie ntific te ach ing" in w h ich  
te ach ing is approach e d w ith  th e  sam e  rigor as scie nce  
at its be st.  According to an article  on "Scie ntific 
Te ach ing" in th e  23 April issue  of Scie nce , it is surprising 
th at ch ange  h as not progre sse d rapidly nor be e n drive n 
by re se arch  unive rsitie s.  Unive rsitie s ne e d to provide  

ve nue s for e xpe rie nce d instructors to sh are  be st 
practice s and e ffe ctive  te ach ing strate gie s.  Te nure , 
sabbaticals, aw ards, te ach ing re sponsibilitie s, and 
adm inistrative  support sh ould be  use d to re inforce  
th ose  w h o are  te ach ing w ith  te ste d and succe ssful 
m e th ods, le arning ne w  m e th ods, or analyzing ne w  
asse ssm e nt tools.
•"Form ative  asse ssm e nt" is th e  subje ct of an article  in 
th e  O ctobe r issue  of Th e  Ph ysics Teach e r.    By form ative  
asse ssm e nt, th e  auth ors m e an asse ssm e nt de signe d to 
e nh ance  te ach ing and le arning.  Te ach e rs and stude nts 
se e k  inform ation about th e  state  of stude nt le arning 
and th e n use  th is inform ation to adapt te ach ing and 
le arning to m e e t stude nt ne e ds.  
•Th e  July/August issue  of J. College  Scie nce  Teach ing 
h as an article  about "Pow e rful Ide as in Ph ysical 
Scie nce ," a pre se rvice  curriculum  for e le m e ntary 
e ducation m ajors de ve lope d by AIP and AAPT w ith  
support from  NSF.  Th e  te ach ing/le arning approach  in 
th is curriculum  w as de ve lope d by a collaboration of 
colle ge  faculty m e m be rs from  unive rsitie s around th e  
Unite d State s, and th e  curriculum  is curre ntly available  
from  AAPT.  PIPS now  consists of six m odule s: Ligh t 
and Color, Ele ctricity, H e at, Conse rvation of Ene rgy and 
Nature  of Matte r, Force , and Motion.  Each  m odule  
re q uire s about 20 h ours of instruction tim e , so 
instructors can ch oose  am ong th e  six m odule s to cre ate  
a one -se m e ste r course .  PIPS is th ough t to w ork  be st in 
sm all-class se ttings rath e r th an th e  traditional form at of 
large  le cture  w ith  sm alle r laboratory se ctions.
•Many te ach e rs h ave  use d com pact discs (CDs) as 
re fle ction diffraction gratings.  A note  in th e  Se pte m be r 
issue  of Ph ysics Education discusse s h ow  a CD can be  
use d as a ch rom atic le ns w h ich  w ill bring diffracte d 
ligh t of a give n w ave le ngth  to se ve ral foci locate d at 
ce rtain distance s th at are  de te rm ine d by th e  allow e d 
orde rs of diffraction.   Transpare nt CDs can be  obtaine d 
by re m oving th e  coating on CD -RO M s.
•An inte rvie w  w ith  Lindsay Nich olson, e ditor of Good 
H ouse k e e ping m agazine , w h o h as a de gre e  in ph ysics 
and astronom y, appe ars in th e  Se pte m be r issue  of 
Ph ysics W orld.  Q: W h y did you originally ch oose  to 
study ph ysics? A: It w as actually to annoy th e  nuns at 
m y conve nt sch ool.  Th e  usual patte rn w as for girls to 
do English , h istory, and Fre nch  A-le ve ls and be com e  
te ach e rs. Q: H ow  m uch  did you e njoy th e  course ?  A: 
W e ll, of course , th e  jok e  w as on m e .  I w as pre tty 
h ope le ss at th e  lab w ork -possibly be cause  I'd be e n 
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taugh t ne e dle w ork  rath e r th an m e talw ork  at sch ool-but 
I love d cosm ology, plane tary astonom y and all th e  
th e ore tical stuff.  Q: Doe s your ph ysics training 
influe nce  h ow  you w ork ?  A: Absolute ly!  It's so 
inte lle ctually rigorous, it's m ade  m e  a be tte r w rite r and 
a be tte r re se arch e r. 
•An application of Ne w ton's se cond law  to a 
snow boarde r dropping off a ve rtical le dge  sh ow s th at 
th e  ave rage  norm al force  during landing is de te rm ine d 
by four factors: fle xing of th e  le gs, softne ss of th e  snow , 
th e  angle  of th e  landing surface , and th e  forw ard 
m otion of th e  snow boarde r, according to an article  in 
th e  July issue  of Ph ysics Education.  A re lative ly sim ple  
m ode l h e lps to e xplain w h y a snow boarde r m ay jum p 
from  rath e r h igh  le dge s and land com fortably.
•Th e  vacuum  cannon th at sh oots ping-pong balls at 
h igh  spe e ds is a spe ctacular classroom  de m onstration of 
th e  nature  of air pre ssure .  An analysis of th e  canon is 
give n in a pape r in th e  July issue  of Am e rican Journal of 
Ph ysics.  Th e  th e ore tical m axim um  spe e d is found to be  
th e  spe e d of sound divide d by √ γ w h ich  can alm ost be  
re ach e d w ith  a cannon 2 m e te rs in le ngth .  Th is is faste r 
th an th e  m uzzle  ve locity of som e  h andguns.
•A popular buzzw ord in U.S. e ducation th e se  days is 
discove ring "w h at w ork s," according to a note  in th e  11 
June  issue  of Scie nce.  Th e  Education De partm e nt e ve n 
funds a "W h at W ork s Cle aringh ouse " on program s 
ranging from  te ach ing m ath  to re ducing sch oolyard 
viole nce .  Th is h e igh te ne d inte re st in asse ssm e nt ste m s 
from  th e  m assive  2001 e ducation re form  bill, k now n as 
th e  No Ch ild Le ft Be h ind Act, w h ich  re q uire s sch ool 
districts to offe r program s sh ow n to be  e ffe ctive  
th rough  "scie ntifically base d re se arch ."  But, according 
to th e  note , th e re 's a dirty little  se cre t be h ind th at 
re q uire m e nt: No program  h as ye t m e t th e  rigorous 
standard, be cause  none  h as be e n scie ntifically 
e valuate d and sh ow n to be  e ffe ctive .
•"Re fle ctions"  is a re gular colum n in Syllabus, 
m agazine  of te ch nology for h igh e r e ducation.  In th e  
June  issue , th e  m anage r of te ch nology  outre ach  at 
Prince ton Unive rsity talk s about sim ulations and h ow  
th e y can or cannot se rve  in place  of labs in w h ich  
stude nts "le arn by doing" in a controlle d e nvironm e nt. 

 Labs, e spe cially at th e  unde rgraduate  le ve l, h ave  
sh ortcom ings, such  as tim e  lim its, safe ty conside rations 
(a stude nt lab is a poor place  to study th e rm onucle ar 
re actions), or ph ysical lim itations.  W e ll-de signe d 
sim ulations allow  th e  stude nt to e xplore  de ad e nds as 
w e ll as th e  prove n, th e  true , th e  false , and th e  
une xpe cte d.  As Einste in said, "Anyone  w h o h as ne ve r 
m ade  a m istak e  h as ne ve r trie d anyth ing ne w ."
•Education initiative s at th e  National Acade m ie s of 
scie nce  are  discusse d in an article  in th e  Se pte m be r 
issue  of Journal of College  Scie nce  Teach ing.  W h e n 
gove rnm e nt age ncie s ne e d unbiase d, inde pe nde nt 
analysis and unde rstanding of com ple x and 
controve rsial issue s in scie nce  and te ch nology, th e y 
ofte n turn to th e  National Acade m ie s.  Educators w h o 
w ish  to incorporate  th e se  issue s into th e ir classe s can 
do lik e w ise .  More  th an 150 re ports focusing on 
e ducation h ave  be e n publish e d by th e  National 
Acade m ie s during th e  past 10 ye ars, m any of w h ich  
focus dire ctly or indire ctly on unde rgraduate  e ducation.
•Th e  Se pte m be r 1 issue  of Th e  Ach ieve r carrie s e xce rpts 
from  re m ark s m ade  by Rod Paige , U.S.Se cre tary of 
Education, at th e  2004 National Urban Le ague  
Confe re nce  in De troit in July.  H e  re m inds us th at th e  
NCLB (no ch ild le ft be h ind act) re q uire s accountability, 
te sting, and inclusive ne ss.  It e m pow e rs pare nts w ith  
m ore  inform ation and m ore  ch oice s.  It e nable s 
stude nts in ne e d to obtain tutoring and m e ntors.   H e  
cite d conside rable  e vide nce  th at th e  law  is w ork ing. 
 Math e m atics score s for fourth  and e igh th  grade rs is 
rising.  Stude nts in th e  large st urban public sch ool 
syste m s sh ow e d significant im prove m e nt in re ading and 
m ath  in th e  first ye ar unde r NCLB.
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Book  re vie w  

Ste ph anie  Pace  Marsh all, Judith  A. Sch e pple r and 
M ich ae l J. Palm isano, e ditors, Scie nce  Lite racy for th e  
Tw enty-First Century, Am h e rst, Ne w  York : Prom e th e us 
Book s, 2003, 321 page s.  $29  (h ard cove r).  

Art H ob son (re printe d from  Ph ysics in Pe rspe ctive  w ith  
pe rm ission)

Th is colle ction of 31 e ssays by e m ine nt scie ntists and 
scie nce  e ducators com m e m orate s th e  e igh tie th  birth day 
of Le on Le de rm an, w h o h as th e  unusual distinction of 
be ing at once  a Nobe l laure ate  and one  of th e  nation's 
fore m ost scie nce  e ducators.  Lik e  m ost colle ctions of 
e ssays by diffe re nt auth ors, th is colle ction is a m ixe d 
bag ranging from  th ough t-provok ing to pe de strian, and 
ove r a varie ty of topics.  Th e  e ditors h ave  arrange d th e  
e ssays into six broad cate gorie s:  Invitations to 
Scie ntific Study, Re fram ing Scie nce  Le arning, Re fram ing 
Scie nce  Te ach ing, Scie ntific Ste w ardsh ip, D e m ystifying 
Scie nce  for Public Policy, and Th e  Le de rm an Le gacy for 
Education.  

Ne arly all of th e  e ssays are  about som e  aspe ct 
of scie nce  lite racy for non-scie ntists.  At le ast five  
ge ne ral th e m e s e m e rge :  Am e rica's scie nce  e ducation 
syste m  is failing badly and in m any w ays both  as 
re gards scie nce  lite racy and also as re gards e ducation 
for future  scie ntists.  Se cond, th e  nation de spe rate ly 
ne e ds a scie ntifically lite rate  populace , as sugge ste d for 
e xam ple  by th e  Am e rican Association of Scie nce 's re port 
Scie nce  for All Am e ricans; but th e  scie ntific com m unity 
is far from  answ e ring th is ne e d and in fact m any 
scie ntists se e  scie nce  lite racy as a low  priority th at th e y 
pre fe r to ignore .  Th ird, "inq uiry" or "active  
e ngage m e nt" pe dagogical m e th ods re ally w ork  and are  
a k e y to im proving scie nce  e ducation.  Fourth , it is at 
le ast as im portant to te ach  h ow  scie nce  w ork s as it is to 
te ach  th e  facts and th e orie s of scie nce .  Fifth , th e re  is a 
diffe re nce  be tw e e n doing scie nce , w h ich  re q uire s 
te ch nical proficie ncy including m ath e m atics, and 
unde rstanding scie nce , w h ich  re q uire s h ard but non-
te ch nical th ink ing.

All auth ors appe ar to h ave  a com m on 
unde rstanding of th e  m e aning of scie nce  lite racy.  As 
Jam e s Tre fil's e ssay puts it:  A scie ntifically lite rate  
pe rson can de al w ith  scie ntific m atte rs arising in public 
life  w ith  th e  sam e  e ase  an e ducate d pe rson w ould 
e xh ibit in de aling w ith  political, le gal, or e conom ic 

m atte rs.  Most e ssayists agre e  w ith  Tre fil th at "th is k ind 
of lite racy isn't a luxury— it's a ne ce ssity.  W ith out it, 
our de m ocratic syste m  w ould de ge ne rate  into one  in 
w h ich  de cisions are  m ade  e ith e r by an inte lle ctual e lite  
or by de m agogue -drive n m obs."  

It is in m any w ays a h ope ful colle ction, be cause  
it re counts m any scie nce  lite racy succe sse s:  Fe rm ilab's 
involve m e nt in K-12 scie nce  e ducation (se e  Marjorie  
Barde e n's e ssay); th e  Illinois Te ach e rs Acade m y for 
Math e m atics and Scie nce , a ce nte r for re training K-6 
te ach e rs (Lourde s Monte agudo's e ssay); th e  Illinois 
Math  and Scie nce  Acade m y for scie ntifically tale nte d 
h igh  sch ool stude nts (Ste ph anie  Pace  Marsh all); MIT's 
"ope n course w are " e xpe rim e nt to m ak e  its course  
m ate rials available , fre e  of ch arge , anyw h e re  on Earth  
(Ch arle s Ve st); Rice  Unive rsity's Mode l Lab program  to 
involve  m iddle  sch ool te ach e rs in scie nce  e ducation via 
a ye ar-long re side ncy in an urban H ouston m iddle  
sch ool (Elnora H arcom be  and Ne al Lane ); th e  
fascinating story of "m iracle  w ork e r" Annie  Sullive n's 
inte ractive  and inq uiry-base d te ach ing m e th ods in th e  
"im possible " e ducational trium ph  of guiding th e  de af 
and blind H e le n Ke lle r tow ard an astonish ing com m and 
of idiom atic English , and of Ale xande r Grah am  Be ll's 
involve m e nt in th at trium ph  (Dudle y H e rsch bach ); 
pe ople 's innate  inte re st in topics lik e  black  h ole s, w arp 
drive , and tim e  trave l, and th e  im plications for 
e ducation (Law re nce  Krauss); th e  ingraine d, but sadly 
unre cognize d, love  of nature  and scie nce  de m onstrate d 
in pe ople 's e nth usiasm s for fish ing, h orticulture , e co-
tourism , h unting, autom obile  re pair, dinosaurs, and 
gam bling probabilitie s (Ste ph e n Jay Gould); 
Le de rm an's e fforts to re e xam ine  th e  h igh  sch ool scie nce  
curriculum  and to e ncourage  a m ore  logical se q ue nce  
putting ph ysics first, ch e m istry se cond, and biology 
th ird (th e  e ditors' "Brie f Biograph y").  

But th e se  e ssays also h ave  th e ir dark  side . 
Ironically, th is is m ost vividly illustrate d by Le on 
Le de rm an, instigator of m any of th e  h ope ful program s 
re counte d in th e se  e ssays.  Le de rm an be gins th e  book 's 
Epilogue  w ith  ch aracte ristic w it:  "Th e  w isdom  
containe d in th is book  is aw e som e , th e  praise  is 
fulsom e , and m y re sponse  task  is grue som e .  Th e re  is a 
com m on th e m e , th e  m any failure s of our e ducation 
syste m ?."  H is e ssay is de vote d to listing th e  obstacle s to 
attaining scie nce  lite racy for all Am e ricans.  It is a 
daunting list:  Scie nce , te ch nology, and inve ntion are  
ofte n confuse d.  Th e  nature  of scie ntific inq uiry is 
m isse d.  Pare nts too ofte n h ave  little  inte re st or tim e  to 
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pay atte ntion to th e  q uality of th e ir ch ildre n's sch ooling. 
Pove rty, h unge r, poor h e alth , and th e  lack  of nutrition, 
h e alth  care , de ntal care , and e xe rcise , all m ak e  it 
difficult for ch ildre n to le arn.  Ch ildre n in our urban 
gh e ttos too ofte n do not h ave  th e  fam ily support, 
e ncourage m e nt, and h e lp th e y ne e d.  Pe e r pre ssure s are  
ofte n ne gative .  Am e rica's cultural dive rsity m ak e s th e  
task  m ore  com ple x.  Poor sch ools fail to provide  ne e de d 
e ducational te ch nology, and e ve n som e  basic 
e ducational m ate rials.  

Th e re 's m ore :  Estim ation, statistical infe re nce , 
and probability are  rare ly taugh t.  M e aningful and 
coh e re nt scie nce  curricula do not e xist.  Unfortunate ly, 
scie nce  is introduce d via ninth -grade  biology.  H igh -
stak e s te sting and th e  ne e d for accountability h as 
m ush room e d to unre asonable  proportions.  Th e re  is 
insufficie nt appre ciation of th e  im portance  of scie nce  to 
non-scie nce  stude nts.  Th e  syste m  continue s to 
propagate  th e  m yth  th at w om e n and som e  m inority 
groups cannot do m ath  and scie nce .  For far too m any 
stude nts, th e  m otivation for le arning, or e ve n for 
staying in sch ool afte r te nth  grade , is m issing.  Stude nt 
m obility and te ach e r turnove r are  too fre q ue nt and 
disruptive .  Th e re  are  proble m s in re cruiting, training, 
and re taining good te ach e rs.  In particular, th e re  is an 
e nde m ic sh ortage  of scie nce  and m ath  te ach e rs. 
Te ach e rs are  not give n se rious tim e  to pre pare , to 
de ve lop profe ssionally, to w ork  w ith  oth e r te ach e rs, or 
to m e ntor.  Many unive rsitie s do not re q uire  a se rious 
scie nce  se q ue nce ; one  w ould th ink  th at a tw o-ye ar 
se q ue nce  of scie nce  w ith  laboratory w ould be  a 
m inim um  re q uire m e nt for an e ducate d colle ge  
graduate , but th e  typical re q uire m e nt is a single  "rock s 
for jock s" course .  M e dia cove rage  of scie nce  is dism al 
and doe s not conve y th e  e xcite m e nt, value , or 
significance  of scie ntific de ve lopm e nts.  And finally: 
th e  gre ate st obstacle  is th e  re sistance  to ch ange .  

Le on Le de rm an's e vide nt se nse  of social 
re sponsibility is re fle cte d in se ve ral e ssays.  Many 
auth ors note d th at ge ne ral scie nce  lite racy is e sse ntial 
for de m ocracy in our scie nce -dom inate d culture .  I w as 
struck  by th e  num be r of tim e s global w arm ing w as 
m e ntione d as an e xam ple  of th e  socially re le vant topics 
th at w e  sh ould be  te ach ing.  Sh e ila Tobias's article  
"W om e n and Ph ysics" focuse s on ph ysics m ajors, but 
conne cts w ith  scie nce  lite racy th rough  its ope ning 
q uotation from  Rach e l Ivie  and Katie  Stow e 's 2000 
re port W om en in Ph ysics:  "Th e re  can be  no scie nce  
lite racy in th e  population abse nt th e  full participation of 

w om e n in all fie lds of scie nce ?"  Mae  Je m ison sugge sts 
th at funde d re se arch  sh ould alw ays include  a 
com pone nt for public e ducation, pe rh aps to be  use d in 
a partne rsh ip w ith  K-12 e ducation.  

Sh irle y Malcom , dire ctor of e ducation for th e  
Am e rican Association for th e  Advance m e nt of Scie nce , 
sugge sts th at m any ph ysics te ach e rs re je ct Le de rm an's 
re com m e ndation to put ph ysics first be cause  ph ysics 
w ould th e n h ave  to be  taugh t to all stude nts and th e se  
ph ysics te ach e rs be lie ve  m any pe ople  are  incapable  of 
le arning ph ysics.  Malcom  and all th e  oth e r e ssayists 
cle arly be lie ve  th at ph ysics lite racy is fe asible  for all 
pe ople .  Bruce  Albe rts, pre side nt of th e  National 
Acade m y of Scie nce s and ch air of th e  National Re se arch  
Council, ch arge s th at scie ntists and e ngine e rs h ave  be e n 
"com ple te ly disconne cte d" from  pre -colle ge  scie nce  and 
m ath  e ducation, and th at unive rsity scie nce  and m ath  
de partm e nts h ave  faile d to te ach  e xciting inq uiry-base d 
introductory course s th at are  re le vant to th e  w orld 
outside  th e  unive rsity.  

M e lvin Sch w artz, w h o sh are d th e  19 88 Nobe l 
Prize  in ph ysics w ith  Le on Le de rm an and Jack  
Ste inbe rge r for discove ry of th e  m uon ne utrino, m ak e s 
a te lling obse rvation.  As ch air of a Colum bia Unive rsity 
com m itte e  to re vise  th e  core  unde rgraduate  curriculum , 
h e  propose d th at scie nce  sh ould be  tre ate d lik e  th e  
h um anitie s; e ve ry stude nt sh ould be  re q uire d to tak e  a 
tw o-ye ar se q ue nce  cove ring th e  m ajor discove rie s in 
scie nce  and m ath e m atics.  But m ost of th e  oth e r 
scie ntists on h is com m itte e  w e re  "com ple te ly oppose d" 
to th e  ide a, be cause  te ach ing fre sh m e n w ould de tract 
from  th e ir re se arch  tim e .  "Since  th e ir care e rs de pe nde d 
on th e  num be r of pape rs th e y could turn out, th e re  w as 
no ince ntive  for participating in such  a program ." 
Th e re  could be  no m ore  te lling indictm e nt of th e  failure  
of our unive rsitie s to provide  scie nce  e ducation for all 
stude nts.  

Am ong th e  sm all num be r of e ssays lying 
outside  th e  re alm  of scie nce  lite racy, th e  contributions 
of astroph ysicists Edw ard "Rock y" Kolb and of M ich ae l 
Turne r on th e  "inne r space  / oute r space  conne ction" 
be tw e e n q uantum  ph ysics and cosm ology are  
note w orth y.  Le de rm an and David Sch ram m  conce ive d 
th e  ide a of an astroph ysics group at Fe rm ilab to e xploit 
th is conne ction (se e  th e  "Brie f Biograph y" of 
Le de rm an), and re cruite d Kolb and Turne r to h e ad th e  
proje ct.  Th is group re ce ntly publish e d a w onde rful 
surve y for non-spe cialists, Connecting Quark s w ith  th e  
Cosm os (National Acade m ie s Pre ss, 2003), on th e  m ajor 
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unsolve d issue s at th e  inte rse ction be tw e e n h igh  e ne rgy ph ysics and cosm ology.  Kolb's and Turne r's e ssays are  a 
re m inde r to scie nce  e ducators of th e  fascinating conte m porary topics th at w e  could, but m ostly don't, te ach .  

It is a volum e  full of inspiring e xam ple s and ide as for obtaining a scie ntifically lite rate  populace , and a 
gloom y re counting of th e  obstacle s block ing th at goal.  
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