
the best. I t  is as Carlyle has said of the 
tragedy of ignorance : 

It is not because of his toils that I lament for 
the poor; we must all toil, or steal (howsoever 
we name our stealing), whicll is worse; no faith- 
ful woikman finds his task a pastime. The poor 
is hungry and athirst;  but for him also there is 
food and clrink; he is heavy laden and weary; 
but for hiill also the Heavens send Sleep, and of 
the deepest; in his smoky cribs a clear dewy 
l~eaven of Rest envelopes him, and fitful glittcr- 
ings of cloud-slcirtecl Dreams. But wlrxt I do 
mourn oler is that the lamp of liis soul sllould 
go out; that no ray of heavenly, or even of earthly 
knowledge should visit him; but only in haggard 
clarkneqs, like two spectres, Fear and Indignation 
bear him company. Alas, while the Body stands 
so broad and brawny, iiiust the Soul lie blincled, 
dwarfed, stupefied, almost annihilatecl? Alas, was 
this, too, a Rieath of God, bestowed in Heaven, 
but on earth never to  be unfolded?-That there 
should one Man die ignorant who had capacity 
for kno~vledge; this I call a tragedy were i t  t o  
happen more than twenty times in the minute, 
as  by some computations i t  does. Tlie miserable 
fraction of Science which our united Mankind, 
in a wicle Universe of Nescience, has acquired, 
why is not this, with all diligence, imparted t o  
all ? 

Mr. President: Assured as I am of the 
loyal support and cooperation of the board 
of regents, faculty, students, alumni and 
citizens of this great state of Ilansas, at the 
same time realizing the full weight of its 
responsibilities, and conscious of my own 
limitations and wealcness, and pleading. 
for both charity and patience, I accept the 
high ofice of president of the Kansas State 
Agricultural College. May He who marks 
the sparrow's fall take us all into His keep- 
ing and guide our thoughts aright. 

PBYSICS TEBCZZING IN TZZE SECONDARY 
SCZZOOLA OP BB13RICA1 

W E understand the present fully only 
in the light of the past. Hence, if jr7e 
would grasp the meaning of the present 

IAddress delivered a t  tlie conference of the 
University of Illinois mith the secondary schools 
of Illinois, November 19, 1909. 

sitnation so clearly as io be able to see the 
way out, we i~iust first study the history 
of science teaching in America. 

Mathenlatics has had a long and an hon- 
orable academic career. But the natural 
sciences are relatively new as sub.jects of 
formal instruction in scliools. Although 
physics appears to have been taught to 
freshmen at Harvard for two fifteen-min- 
ute periods a weeli as early as 1670, the 
sciences do iiot appear on the list of sub- 
jects required or accepted for entrance to 
college until the year 1870, when Harvard 
added the elements of physical geography 
to its list. Physics appeared in 1576. 
The tleinand for popular and useful studies 
had led the academies to introduce the 
sciences of geography, natural philosophy 
and astronomy early in the nineteenth cen- 
tury. The colleges did not recognize these, 
holvcver, till about fifty years later. 

When we remember that the academies 
were founded in response to :a popular de- 
inand for an education that should train 
boys and girls so that they might be use-
ful members of the conimunity, we see: 
(1)  That the sciences wcre brought into the 
schools for their practical utility ; (2)  that 
the colleges followccl the schools in their 
recognition of the value of science after an 
interval of about eighty years, and ( 3 )  
that science was introduced into the schools 
in response to a deinand on the part of the 
people who supported the schools and in 
spite of the colleges. 

In  order to make clear the subsequent 
development, I shall consider largely the 
subject of physics, partly because physics 
has been more prominent in the schools; 
partly because I am better able to follow 
its changes with sympathy; and also be- 
cause I believe that the history of physics 
is typical of that of the other sciences. 
Let ns then glance at  the methods of 
teaching physics in 1876 when that science 



1n;itle its dPbut among thc ~jnhjects re- 
clnired for admission to college. 

\lTe can get a very good idea o-f what 
mas taught under the naisie of physics by 
examini~~gsome of the books used for 
texts like Cornsfork's o r  Wells's "Natural 
Philosophy," or Rolfe and Cillett7s 
"Ilandbooli of Natural Philosophg.' ' 
This latter work mas the one specified for 
nse in preparing for the entrance examina- 
tion at IIarvard, so we will use i t  for pnr- 
poses of comparison. 

Thc Rolfe and flillett contains two hnn- 
dred and thirty pages, exclnsive of the 
app~nd ix  ~vhich was not required. The 
modern t ~ x t s ,  nlillikan and Gale, Aclams, 
3iannl and T~viss, contain, respectively, 482, 
478 and 456 pages; on the average, an in- 
crease of orer 100 per. cent. In like man- 
ucr the nunlher of numberecl paragraphs 
in the required portion of tlie Rolfe and 
Oillett is 351; that in the nlodern texts 
just mentioned is 614, 560 and 416, re-
spectively, an average increase of about 
50 per cent. T t  thus appears that tlre 
amount of subject matter that has been 
crowded into tlle course has been vc~=y ma-
terially increased. It is a notel~orthy fact, 
however, that this increase consists in tlie 
addition of new topics rather than in the 
change of old ones for new, i.s., the old 
course given in 1876 contained only the 
necessary elements of any course, because 
nlodern developn~ents have failed to dis-
place thein. 

The first great change that has taken 
place since physics became a colle,ee en-
trance subject has been this great increase 
in number of topics considered necessary 
for the course. The present course is ac- 
linowledged on all sides to be badly over-
crowded. Can any teacher malie twenty 
or more pupils master or even learn thor- 
oughly and clearly understand 614 num-
bered paragraphs, each containing, by 
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reilson of h ~ i n g  nnn~berecl, a new idea or 
principlr, in 180 forty-minute periods? 
This nlcans just clc.c-ca n~inutcs and 43.6 
seconds to a p~ragrapll-and this interval 
must include 311 the discussion, problems, 
~xpe~ioientnld~nionstrations, cluizzcs and 
laboratory ~irork. I s  it a ~vonder that 
teaeherq who attempt this do not sircceetl? 
And this wjthout reference to thc content 
of the paragraphs. TJndcr such collditions 
it i s  far less remarliable that 70 per cent. 
of the applicants Fail on the nrritterl exami- 
nation of the Collcge Entrance I3o;lrd than 
i t  is that 30 pel- cent. pass. 

Are the collcge entrance requirements 
responsible for this overcrowding of the 
time allotted to the c80nrse ? This is a lcad-
ing question and i t  may be answercd by 
eiiher yes or no, according to the intcrpre- 
tation put on it. If you treat i t  as a legal 
question, as a qncstion of wheth~r  "it is 
so stated in the deed" or not, the answer 
will be an unequivocal no. The early 
F-larvarcl veqnirements and the definition 
framed by the National Educational As-
sociation and that iwued hy the Collrge 
Examination Board have never contained 
any syllabus of topies rec~uired. ITence 
this superabundance of topic+? is not 

in the cieccl and the '"C re-written c o l l ~ ~  
cluirements are not to hlame. There is one 
exception to this statement and that is 
New York University, which has issued a 
syllabus of required topics. This syllabus 
is a model of logical arrangement. but is 
at least twice as long as any syllabus for a 
one-year course in physics should be. 

T17ell, then, if the  college requirements 
are ' 'not guilty" in the docnmentary sense, 
what has heen the source of the couges- 
tion? I t  is, of course, impo~sible to lay 
a11 the blame on any one thing, because the 
conditions under which this overcrowding 
has developed have heen so complex. 811 
will agree, however, that the first cause is 



t o  be found in the fact that the science 
itself has made such rapid progress since 
1876. This development of the scieilce has 
been paralleled by a reillarl<able growih of 
the spirit of scientific research and a large 
increase in the number* of specialists in 
physics who are devoting their entire 
time to investigation in this field alone. 
Add to  this the attitude cf the universities 
toward researeh in that  they demanded re- 
search worlc of their physicists as a pre-
requisite to acaclemic proinotion. and yon 
have all the elements necessary lo crowd 
more and more sulsject matter into the 
preparatory course. The teachers in the 
schools caught the spirit of the universi- 
ties, and all hands turned to a well-inten- 
tioned but, as i t  has proved, a futile effort 
to introduce into the elementary course as 
much of the precision, the rigor and the 
abstraction of the research laboratory as 
was possible. The highly specialized sci- 
ence of physics became king and the abili- 
ties and needs of the pupils were lost 
sight of. 

This development was fostered by text- 
book writers, publishers and apparatus 
dealers. Every new text had to go its 
conipetitors one better in  the matter of 
being "up-to-date," in orcler that the 
publishers' agents might have new "talk- 
ing points" with which to allure the un- 
wary superintendent or school-board mem- 
ber. Yo publisher ~vould print a book 
that  did not contain accounts of all the 
recent discoveries and a few more, be-
cause the publishers had found out that 
teachers mould turn down a book because 
it did not contain X-rays or wireless teleg- 
raphy. ions, electrons or radium. Up-to-
date-ness was considered the first virtue. 

Another exaniple cf this increase in the 
amount of subject matter may serve to 
leave this first point clear in mind. The 
1666 edition of Gage's "Introduction to 

Physical Scieilce" contains 340 payes ant1 
321. numbered paragrnphs. Under the 
pressure of up-to-date-ness, Gase ~vrote  an 
enlarged book called the "Principles of 
Physics," and the latest revised edition of 
this book, 1907, contains 329 pages ancl 
562 nuinbered paragraphs. Thus v e  see 
that, although the abilities and tastes of 
the pupils have remained fairly constant, 
and although little eBort has been macle 
to prepare them for the work by teaching 
more elementary physical science in the 
grammar schools, the amount of subject 
matter that me are trying tc  teach then1 in 
the  same tinie has increased from .50 to 60 
per cent. This increase alone is enough to 
make i t  impossible for the teacher now to 
do thorough work, svithout regard to the 
nature of the topics adcled or to the con- 
tent of the subject matter. This one thing 
is enough seriously to have impaired the 
efficiency of the science worli. 

Nevertheless, this increase in the amount 
of the subject matter is by no means the 
only factor that has been a t  worl; in ren-
dering the science teaching less effective 
than i t  might be. When we compare the 
subject matter taught thirty years ago 
with that in the modern texts as  to  con- 
tent, we find again a marked contrast. 

Thus by comparing the topics under 
"a" in the index of the Rolfe and Gillett 
with those in  the index of the latest of the 
new texts, that  of Adams, I find but two 
topics in the former not treated in  the 
latter;  and thirty in the new book not 
found in the old. The old topics omitted 
are an?teali?zg and artes ian wells.  The 
most important new topics inti-oducetl 
are aberration, c l ~ r o m a t i c and sphe t i ca l ;  
absolute  t empera ture ,  absolute u n i t s ,  ac-
celeration, a i r  thermometer ,  alter~zatiqzg 
curren t s ,  ammeters ,  as t igmat i sm,  d t zuood  
nzachine. These few give an idea of the 
sort of things that  have been added. A 
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siniilar proportion holds for tlie rest 01the scconds o ~ ia nlam of one am. \That 
indices. velocity docs it impart ? "  Or again, in 

It will be noted that the topics omitted the Rolfe and Gillett, Newton's second 
in  the new booli are of the "practical7' law of motion is stated thus: ' 'A  force 
type-annealing and artesian wells, xvlzile has tlic same effect in producinq motion, 
most of those added i n  the aexv book treat .cvhether it acts on a body a t  rest or in om-
of unfamiliar subjects not likely to be met 
with outside the physics laboratory--
spherical aberration, absolllte tel~lperati~rc,  
absolute units, air thcl*mon~eter, Atwood 
niachine-topics of a highly specializcd 
type demanding the use of abstract, difi- 
cult, and to the pupils, unusual ideas for 
their mastery. When we recall 1,hat the 
teacher has just 11 minutes and 43.6 scc-
onds ill .ic-hicll to irlake each topic cle:~r to  a 
class of tn-cnty or more, me ilced riot bc 
surprised that the students lirld the silbjcct 
unintelligible, and that they cat2ry away 
only a rather confused jumble of \i70~-ds in 
the  place of clear, definite and usable 
ideas. 

Because these technical topics are ua-
fanliliar, the sturlcnt does not see their 
use or value-and many oP them are usc- 
less to the majority of the pupils-so thpy 
have no significance to him, and hencc lle 
has no motive that impels hi171 to study 
them wit11 enthusiasm. 

An exa~tlple rnay help to malie this point 
clearer. I n  the early editions of Gage the 
problems are of this type: "\TThat amount 
of work is requiiacd to raiie fifty tons of 
coal from a mine two hundred feet decp !" 
"Twelve hundred foot-pouncls of energy 
will raise a one-hundred-pound boy how 
high, if none of i t  is wasted 2" In the 
most recent books we find problems l i l ~ r  
this: "TIom much work is done in lifting 
a 10 kg. mass vertically 180 em.? Give the 
answer in kilograiutmcters, in ergs and in 
joules." "INhat force in dynrs will lift 
a mass of five kg.? IIow inany ergs of 
work are done in  lifting a rnass of 5 lig. 20 
ern.?" "A pull of one dyne acts for 3 

tion, and xvl-iethcr i t  acts alonc or with 
other forces." 

The m o d e ~ n  tcxl states this: "Rate of 
change of mori~eiitnm is proportional to 
the force acting, and takes plare in the 
direction in which the force acts." If we 
did not untlerstai~d Ncviton's l a~v ,  but were 
trying to learn it for the first time, which 
of thesc statements i~rould be the lnore in- 
telligible ? Which woulti leave us with the 
clearer and more usable idea? The latter 
s ta t r~ncnt  has been introihxccd for the sake 
of greater rigor;  but  taking i t  simply as an 
l i ln~l ish sentence, have we gained in rigor 
by uiaking the student memorize the state- 
merit that  a rate  of cltange takes place in 
a certain di:,eclionl This statement of the 
law is what Carl Pearson in his "Grammar 
of Science" calls a metapElysica1 suinmer- 
sault. And have TIT? not thereby con-
verted the old and valuable "science of 
things familiar' '  into a "nescience of 
things familiar" ? 

Hence the second important fact in the 
development of the teaching of science is 
that  we have not only added to the number 
of topics to be learned, but have also 
changed the content of the old topics so as 
to render them ahnost, if not entirely, un- 
intelligibl~ to beginners. ,4ny one who 
has taught classes of teachers in a summer 
school, or has visited elementary classcs in 
physics, must h m e  noticed that many of 
the "laws and prir~ciples" of physics, as 
they are expouuded in the nlodern texts, 
are none too intelligible to many of the 
teachers themselves. IIow then can we ex-
pect to have the pupils leave their work with 
clear, definite, usable ideas? This change 



in the content of the ideas presented, o r  of 
the point of view from which the phenom- 
ena arc now presented, would alone ac-
count for the decrease in the success and 
efficiency of physics teaching in the past 
decade. Elementary physics has lost much 
of its pragmatic value and become some- 
what rationalistic because of its devotion 
to various and sundry "absolutes. " 

But besides the increase in the amount 
of subject matter and the '(absolute" un-
intelligibility of some of it to beginners, 
there is a third great and important fact 
in the history of physics teaching in Amer- 
ica. This fact is that the method of pre- 
senting the subject has changed in several 
important ways. We can get a good idra 
of the condition of physics teaching in 
the secondary schools in the seventies 
from two bulletins that were issued by the 
National Bureau of Education in 1880 and 
1884, respectively. The first was edited by 
Professor 3'. W. Clarke, of the University 
of Cincinnati, and it contains reports con- 
cerning the teaching of physics and chem- 
istry from 176 public and 431 private sec- 
ondary schools. From a study of this re- 
port it appears that in 1880 there were but 
four of the 607 schools giving a full year 
of mork in physics with laboratory experi- 
ments by the pupils. Fifty-thi-ce were 
giving full year courses with experiments 
by the teacher. One hundred and thirteen 
were giving courses in physics with no ex- 
periments at  all-merely text-book recita- 
tions. The rest had courses for part of a 
year only, but almost all had some physics. 

It is not necessary to make any coinment 
on the difference between this situation 
and the present one, where practically 
every school has its laboratory work by the 
pupils. This change from practicilllg no 
individual laboratory mork to laboratory 
worlc for evermybody means, as every sci- 
ence teacher must see at  a glance, a tre- 

mendons advance. I t  is also clear that the 
college entrance requirements have been 
of tlie greatest assistance in hastening this 
progress. Beginning in 1886 with the 
Rarvard requirements, and followetl up in 
1807 by the definition of the unit rcbquir- 
ing laboratory mork by the committee on 
Collcge Entrance Requirements of the 
National Educational Association, the col- 
leges have contributed all that in them lay 
toward the acquisition of this very valuable 
asset for science teaching. A detailed ac- 
count of how the college requirement was 
framed and how i t  has been altered has 
been given by Professor E, H. Rall, of 
EIarvard, in his book on the "Teaching of 
Physics," and more recently in his con-
tribution to SCIENCISfor October 29, so that 
we need not pause for this now. Suffice i t  
here to point out that physics teaching 
owes a great debt of gratitude to the col- 
leges generally, but to Professor ITall and 
1I:uwu-d in particular, for this acquisition 
of laboratories for physical science in the 
schools. By the introduction of the labora. 
tory work the teaching of science has been 
enormously benefited; and, had the teach- 
ers held the subject matter of the course 
down to the con~prehension of the pupils, 
there would doubtless be no cause for com- 
plaint now. 

The second of these bulletins from the 
bureau of education was edited by PI-o- 
fessor C.  K. Wead, of the University of 
Michigan, and deals largely with methods 
of instruction. I t  contains replies to a cir- 
cular letter issued by the bureau, a discns-
sion of these replies, a number of reports 
on physics work abroad, some valuable 
snggrstions on teaching of physics, and a 
list of forty-seven topics and forty-two ex- 
periments, which were regarded as funtla- 
mental for every elerllentary physics 
course. I t  is interesting to note that this 
list, issued in 1884 by the U. S. Bureau of 
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Education, contains three rluartrrs of the 
topics on tlie list of ihc Norlh Central As- 
sociation n 11ic.h \\ as issued in 190s. It is 
riot serionsly different from tllc truly cele- 
brated Ii;i~-.vardclescription list of 1886, 
or t l ~ c  list of c~xpc~rimerits in the new Col- 
lege IEliit.al~ce Ltoard 's req11il.crrient s. The 
report also shows that twcnty-five of the 
thirty sccoiiclary sc.hools rcportinq eex-
prcrsed thc:nielvrs as reqarcling laboratory 
~ v ~ r k  Tliis slrows a great acl- as necessary. 
vante between 1880, when thc Clarlcc. bul- 
letin was issued, and 1884. Thus 1abor.a- 
tory \vor;k was l,c.ing introduceil rapidly 
before the coll(.gr prcssure was applied in 
1886, and the reports show that it was of 
a kind to possess sigiiificance to the pupils 
-done with borne-made apparatus and 
"kitchen uterisils. " 

This report colitairlr nllrch valuable ad- 
vice wliieh has riot bccn followed ill the 
subsequent course oS events. Th~xs,p. 116 : 
"Above all, it shoulil be tnugllt in  each 
liiiid of scllool for the hcncfit of those who 
n~i l l  go no f ~ u t b e r .  " Again, p. 117: 

The weight of opinion is  cleciclcdly that, Lllc first 
t ~ t ~ c h i i l gs110uld be indncli\~c. . . . TEre progress of 
tlre stutlttnt Iullowing this nletllod is so blow, if 
mcnaurclcl by the  usual e?iaminat,ion tesls, as  'to 
discour;cge a faint  Iieart. . . . When pushed to llie 
extrcrnc jusst indicated ( t o  1ca.rn eaerytlring for 
Iiimself) tlre nrctliod t~re:ll;s down; for qn:anti-
tative esperiiilcnts arc  n~ost ly  beyund tlre re;lcll 
or' high sclrool boys, and yet vcry few principles 
or 1;i~vs can he esl;rblisl~ed witl~oiit thein. . . . If 
to  reason accur;att~lg on ylrysicnl facls be of any 
v n h ~ e  t o  tlie stud(:nt, is iiot a coi~clitsive (lisproof 
of an  llypotl~i.sis (provitled he origin;rtctl i t )  more 
valuable than t l ~ eincomplete proof nitlr wlricl~ 
he rirust itstlally ]'t'w;~in coxiic:ilted when SIC loarns 
t h e  accrl~teil Ilyl~oil~aiis'! . . . (:onscionsly or not, 
we n1us.i use iiidirctive l~~etlrotlsa11 our lives in 
~ r - ; ~ y srn11er.e v c  can not. ;iv:ril ourselvcs of tC~c 
principle o f  i'rrc division on01 latmr, tk~l~er~diirg 
otlrers. Thc professiona.1 opinions of the physi-
cian anil l a ~ ~ g e r ,  our of nlen ant1 ;ill jaclgnlents 
nnr opinions on conrrrron 1u:itters of life must be 
largely tlre resillt of intluctive reasoning. An-
otlier rcason for introducing induetibe tr:rining 

into tlre ~clrools is tll:xi;, i n  the ol~inion of many 
tenchcri., more of physics can be trxug11C so as t o  
be rerr~c~~lbcrctl in this way tlran in any otlier. . . . 
The use of trst-bor~li-s of t , l~c  orcli~mry liind, 11ow- 
ever nccnri~tc :ind clear, is  inconsistent with, per- 
haps .  almost Eali~l to, tlre scientific ~ncilrc~cl in 
schools. 

Again, p. 103 : 

Tlre di il'crcvcc bct~ccen ccrt aint y and probnbility 
or conjcctare, b r t ~ t t ~ c n  arid opinion, js t ru th  one 
nrl~ich tlic, cduc,ltor ~bould not f'111 to  n~alce felt. 
. . .To Icccp the  scl~olzrr in an atniorphcle of real 
or apparent in after lifeccixrt.~irrty, ~ ~ h c n  tlrrre 
foartlli of his intc1lt~ctri:al occlipation mill be t o  
deal wit11 lu1cc.rtnintic.5, i i  as Eooliqlr a i  i t  ~voulcl 
be t o  lteep Iiini o i~ t  of tlrc \vatcr l ~ n t i l  lie him 
learned t o  s.win1. 

Thus in the matter of facilities Cor pre-
senting the si~hject of physics, substantial 
progress has becn i~lade in the acquisition 
of the laboratory; but in the niattcr of 
B n o ~ ~ i n ghow to treat the sul,,ject, ure have 
made little progrcss-many think we have 
gone back\vnrd. 

Somebow most of tlie studcntsl regard 
the subject lnatter as so inuch "sluff" that 
has to be goiie over, artci sp(lali of the 
laboratorj- excrcaises as so Inany "stnnts " 
that have lo bc pc%rformed in order to get 
credit. l'he norlc as a whole lacks sigi2ifi- 
cnnce to thein, so t h i ~ l  they do not, as a rule, 
work a t  i t  with initiative and enthusiasm. 
The present conditiort was sixcd 11p so aptly 
by Presicient lierrlscn in his ad(1r.e.s.; bcfore 
the American Fctleration of Teachers of 
the &!Iathe~~iatical and the Natural Sciences 
in Baltimore last y(liir, that  I call not re-
frain Proni quotir~q liirri : 

A battle tlrat lias long bcen waging has bccln 
~ ~ o i ~ - t l r ebatile for the recognition of scier~ce in 
tlre coitrses of stutlg i n  scl~ools and colleges. . . . 
Now science is 1.ecognizer1; we huvc 1 a b o r ~ t o r i ~ s  
evergwhero ;in& lal~oratory tr:iining is regarded as 
jndis~ensd)le.  I t  is  therefore litting t o  ask: \That 
are we doing nitlr our facilities? What  r<,snlts 
a.re we obtnining? ITlren the bat.tlc was on, mcn 
lost t l~c i r  heatis-lncn nmst losc tlreir hcnds in 
order t o  fight. We ilroilgl~t tli;ht if only coulil 
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get laboratories, the problems of education would 
be solved. Is  this true? Are we doing the best 
that is possible with what we now have? Do the 
results obtained justify the equipment and t.ime 
devoted to scientific study? I am not qualified to 
answer these questions for the schools; but speak- 
ing for the colleges, I may say that in my opinion 
the results are frequently quite unsatisfactory. 
The reason is that we have not yet Iearned how 
to  deal with the subject. It i s  not hard to teach 
chemists chemistry, but it is very hard to teach 
beginners something that is w-orth while about 
chemistry in one year. 

The leading facts of the past history of 
science teaching and the present problems 
are now before you. 

We have not yet learned how, to  deal with our 
subject. I t  is not hard to  teach physicists physics, 
but it is very hard to teach beginners something 
t h a t  is worth while about physics in one year. 

It is essentially an educational problem, 
and, again quoting President Remsen's ad- 
dress : 

Pedagogical problems are hard to solve-it is 
very difficult to get sound conclusions. How can 
we tell whether the scientific training is more 
effective than that of the older type? This is a 
problem that can not be solved by sitting down 
and thinking about i t ;  i t  can be solved only by 
research and experiment. I do not myself know 
whether scientific training as now conducted is 
producing the results hoped for. Yet I am con-
vinced that scientific training, when properly con-
ducted, may be of the greatest value as an educa- 
tional force. This is quite a different thing from 
saying that that particular thing now7 known as 
science training is of great value. It all depends 
on how i t  is done. I have been experimenting to 
find out how to teach chemistry, and i t  is the 
most difficult experiment I have ever tried. 

"The problem can not be solved by sit- 
ting down and thinking about i t ;"  nor, 
may I add, can it be solved by getting up 
a perfect list of experiments, or, by writing 
a text that shall be the most. logical, ac- 
curate and rigorous in the world. "The 
problem can be solved only by research and 
experinlent and it is the most difficult ex- 
periment I have ever tried." Progress in 
the future depends, then, on our applying 

to our teaching problems the methods of 
our subjects; for surely no one needs t o  
tell a body of science teachers what the 
words research and experiment mean. 
How, now, shall we go about it 1 

The first step is to define specifically the 
problem we are going to t ry to solre. The 
problem as stated above, namely, to give 
the pupils something worth while, is too 
vague to permit of scientific experiment, 
because i t  offers no method of testing the 
work for the purpose of finding out 
whether we have succeeded. What do we 
mean by "something worth while," and 
how shall we test the pupil to find out 
whether he has acquired it 8 Those of our 
parents who studied physics in the sixties 
and seventies testify now that they ac-
quired from their school work in physics 
an investigating attitude toward problems, 
and clear enough ideas of some of the more 
important principles to have helped them 
considerably ever since. But such evidence 
as this comes rather late, and, while it is 
interesting and throws some light on the 
subject, i t  is not the sort of evidence that 
science demands. The problem must be 
more specific and the results of the experi- 
ments must be more definite. We must 
therefore seek a more definite statement of 
the problem, and this necessitates first a de- 
cision as to what the purpose of the teach- 
ing is to be. 

The number of purposes for teaching 
physics that have been suggested and de- 
fended in the past thirty years has been 
large. Two, however, have been rather 
more fundamental than the others. so we 
will confine our attention to these. The 
first in the public mind a t  present is the 
one given in the report of the Committee 
on College Entrance Requirements of the 
Kational Educational Association, to which 
the College Entrance Board gave until this 
gear a protecting shelter. It is thus 
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written in tlle deccl: "To the e11d thzt the 
pupil may gain a comprehensive and con- 
nected view of the most irnporta~lt facts 
and laws of elementary physics." This 
purpose leads to the very specific question : 
Do the pupils get such a view under thc 
current system of instruction? This qurs- 
tion can be ansn-ered-nay, is ansvrrered, 
with perfect definiteness on all the exami- 
nation papers written by the pupils. N~ecl 
I tell a body of physics teachers m7hat thcl 
answer is? How inany papers each year 
convince you that the writers have either 
a comprehensive or a connected vie17- of the 
most important facts and laws? For my- 
self, I do not hesitate to answer; very few; 
sad, as a college teacher who muat build 
on the comprehensive and connected view 
implanted by others, I n~us t  confess that I 
am selclom able to discover it. I n  some felt7 
students i t  is there, but in the great ma- 
jority it is not. 

Under these conditions i t  seems perfectly 
fair to question ~vhether the prcseiit habits 
of teaching are sound and to try to find out 
what is the matter. Two sources of trouble 
have already been pointed out. In  our ef- 
forts to make the view con~prehensivc, uie 
have overcro~vdeif the course to the point 
where we have but cleren minutes forty- 
three and six tenths seconds to a topic. In  
our efforts to make i t  connected, logically 
connected, we have become rationalists and 
resorted to the "absolutr, ' thereby nia-
king mucli of it unintellicible. One scien- 
tific experiment would consist in reducing 
the subject nzattcr, forsaliing the absolutes, 
and then testing all nloi~g lor the clea~nesr 
of view gained. ,Inother \~roulrl consist in 
presenting the sarne topic to sevc.ral clif-
ferent classes by different method.; to see 
if some previously uiiintelligible topics 
might be niade intelligiblc if differently 
treated. Nusnerous other experiments will 
a t  once suggest themselves, all aiined at 

finding the best may of "giving a cotnpre- 
l~e~isive of such facts and connected view' ' 
and prineil~lcs a s  were iiitrodncecl. I11 this 
matter there is no royal roacl to success. 
Each teacher must find ont for hirnself 
how best to succeed with his particular 
class. 

The second inlportant purpose of teach- 
ing science does not seen1 to have received 
much attention of late. I t  has not been a 
protected coililnodity like the other. Its 
statement is best given in a report of a 
cotnmittee on teaching of elelneiitary phys- 
ics that was presented to the British As-
sociation for the Advancement of Science 
in 1874. 

They have assumed a s  a point not requiring 
further disnission tlrat the object to  bc attained 
by introducing the  teaching of pliysics into gen- 
eral school work is  the mental training and dis- 
cipline which the pupils acquire through studying 
tlie 111ethods whereby the conclusions of pl~ysical 
science haye limn established. They arc, homcv~r,  
of opinion tha t  tlie first atid one of the most scri- 
ous obstacles in the way of the sllccessful te:~cliing 
of this subject is the  absence from the  pupils' 
minds of a firm and clear grasp of tlie concrete 
facts and phrnomcna forming the hasis of the  
rca\oning processes they are called upon to  study. 
Tlik>j tlitlicforc Chixlli it of tlie utlnoit in~portance 
tha t  tlic first t ~ a c h i n g  of 1111 branches of physics 
sliould be, a s  far  a s  possible, of an  espcriiilental 
Bind. Whenever circumrtances admit of i t  the 
r~perirrientn should be rriade by thc pvpils them- 
sc.11c.s and not merely by the trachcr, and though 
i t  muy not be ncedful for every pupil to go 
through cvcry espcrimciit, the conllnittee think i t  
cssctitial tha t  evcrg pupil sllo~ild a t  least make 
some e\pc~iin~cnts himstblf. 

For  the same rensona, they con~iiler tha t  the 
study of text-books should be entirely subordinate 
to  attendance a t  experimental demonstrations o r  
Iee t~~res ,in order t ha t  tllc pupils' flryt impressions 
may be got directly frorn the things themselves 
and not from ulrat  is said about tllem. They do 
not suppose tha t  i t  is  posxikilc in elcmenti~ry 
teaching entirely to  do nitlrout tlie use of t c s t -
hooks, but tbcy tllillli they ought to  he used for 
rcbvieaing the inattcr of prc)ious experimental 
lessons rather than in prep:triny for such lcssons 
tha t  a rc  to follow. 



I t  will be noted that the purpose herein 
set forth is the one favored by most of the 
contributors to Professor wead's bulletin 
just reviewed. It seems to have been the 
prevailing idea prior to and at  that time, 
1884. As stated above, our parents tell us 
now that they actually did get from their 
study of physics an inquiring attitude of 
mind, and the ability to attack and solve 
problems. One of the correspondents in 
Professor Wead'e bulletin states that the 
introduction of physics in his school has 
had the effect of quadrupling the number 
of boys that go to high school! That the 
purpose we have been discussing is fast be- 
coming the teaching purpose of science at 
the present time, no one who has follo~ved 
closely the trend of recent educational 
thought can seriously doubt. And if this 
is so, a large and interesting array of 
definite problems that can be answered 
only by experiment presents itself. The 
main cluestion now is not-Has he gained 
a comprehensive view ? but-Has he' ac-
quired a certain power? It is no longer- 
What does he know ? buti-What can he do B 
No longer-How much can he reproduce? 
but-How well can he produce ? 

We already have some data concerning 
the way the present system of teaching is 
serving this second purpose. Such data are 
obtained by setting original problems on 
examination or in the laboratory. And 
here again such data as I have collected 
have led me to the belief that none of us are 
succeeding over well at this. Nor need we 
expect to succeed so long as we follow 
mainly the didactic methods that have been 
found useful in other kinds of work. 
Power in solving problems is acquired only 
by solving problems under the spur of an 
inner motive of wonder, not by listlessly 
listening to a description of how some one 
else has solved them. 

TVe have here a wide and important field 

for educational research. MTe know com- 
paratively little about the most efficient 
means of developing power of solving prob- 
lems. Mighty few of our texts treat ths  
subject with a questioning attitude or in a 
way to develop this in the pupil. Open 
any text a t  random and read the heading 
of a new paragraph. Thus: 

I n  1686 Sir Isaac Newton formulated three 
statements which embody the results of universal 
observation and experinlent on the relations ~ h i c h  
exist between force and motion. The statement of 
the first law is, etc. A machine is a contrivance 
for the transference of energy, or both the trans- 
ference and transformation of energy a t  the same 
time; i t  is therefore an kstrument for doing 
work. It is an accepted belief among men of 
science that all  space is filled with something so 
rare and subtle that i t  can not, be weighed or 
indeed perceived by any of our senses, and to this 
all-pervading medium the name of ether has been 
given. (This last is the first sentence in the sub- 
ject of light.) 

Surely such treatment does not tend to 
develop power of solving problems in the. 
pupils. But fortunately the teachers do 
not always follow the text: some let the- 
text follow them. mThen this is the case, 
much may be done toward developing 
power of solving problems and initiative 
among the pupils. Yet such cases are the 
exception rather than the rule. Each of us 
can, however, find out how to do i t  if only 
he will recognize the fact that his daily 
task is a daily problem, requiring study 
and experiment for its solution, and then 
attack that problem resolutely and continue. 
experimenting and carefully testing results 
until they are satisfactory. 

I n  order to summarize the distinction I 
have been trying to make in the last few 
pages, let me again quote from Professor 
Wead's bulletin : 

If the thing to be aimed a t  is to  make them 
pass a good examination as  soon as  the subject 
is read, the best means will be t o  put a text-book 
into the hands of every one, and require certain 
parts of it to be learned, and to illustrate them, 
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in an expr1iincntal Icetalc \\,it11 e\pl,maiions. 
The lecture r n ~ y  1):. ~n'ldc \ p r y  clear , ~ n d  good; 
and this will be an ant1 not dilficultn i t ~ a c t i ~ c  
~iietliociof lcachlng, and nil1 meet rnos-t of the 
reyuirelnrnts. I t  f<ril-. Imme>ei, in on(.. The. boy 
is hclpc~l olcr all the cliHieulties; he is nexer 
brought face t o  face nit11 nature and her proh- 
Ienls; what coit ilic \\orld centnries of thoilght 
i3  told hiln in a ~n in l~ lc ;  liis attcntiotr, clc,lrnc%3 
of unc1crstanclir:g. and ilrtnlo~y ale all eucrci,cd; 
but the one poner ~1l1ic11 the study of it114 >ical 
<cicnce ought l)~erir~inrntly to exelrise, and alrr~ost 
to create, the power of l~ringing the mint[ into 
contact with facts, of w i ~ i n ?  tlicir relations. of 
cliininating the irrelevant by experinlent and 
comltarinon, of groping after ideas. and testing 
them in their adcrluacy, in a nord of exereiqing 
,\I1 the active f,lcultic.s mliicli are required for 
an investigation in :~ny matter-tbesc may lie 
dornlsnt in the class mliile the most learned 
lecttirer experi~nents wilh facility arld explains 
with clearnew. 

I n  what has 1.1een sa id  I have dealt only 
with thc most evident of the problems now 
before the physics teachers-namely, the 
problem of Elom to teach so as to leave the 
pupil with an  added power to achieve. I 
have given i t  as my Crank opinion that  'ive 
are  not oversnccessful in  this at  present, 
have nrged that  scientific exlserinienl in 
teaching offers the only means of finding 
out how to  become inore successh~l, and 
have saggcstecl several working hypotheses 
as possible guides to such csperirnenting. 
The subject has, howerer, only heen graxcd 
by what has becn said. Ko rnention has 
been made of the contribntions that phys- 
ics teaching might nlalce to the social effi- 
ciency of the cornlnlxnity :nor has tlie prob- 
lem of nlaliing the physics contribute its 
shave to  moral erlucalion been considered. 
The questions as to why Americit does not 
contribute her just quota to the nuniber a@ 
the world's greatest scientists have not becn 
cliscussed. These larger problems of sci-
ence will have to l)e left for 111ture discus- 
sion. Their solution, like that of thc 
problem that h a s  occnpiecl our attelztion, is 

waiting for  the scientific experiments in 
etlncation, rnhj(2l.l alone can lead  us to a 
satisfactory conclusion. 

C. It. I~ANN 
T I ~ LI~NIVP,P.SITY02- CII [CALO 

Tfre preliminary annoullcenlent of the 
eighth Irrtcrriationnl Zoologiczal Congress i s  
just iss~ietl and of it me lnalte the followirig ab- 
stract. The  congress meeti; at Graz, Anstria, 
on August 35-20, 1910, nntler t l ~ e  presidency 
of 'IIofrat, Professor Ludwig vo11 Graff, who 
was elected to  the position a t  the ISoston Con- 
gress i n  1001, 

-kt 9 A.M., on Monday, is the registration, 
followed by a meeting of the permanent com- 
mittee of tlie congress and a n  inspection of 
tlie ~miversi ty .  A t  3 P.M. are tllc general for- 
nlalities of opening, with addresses of wel-
eorne, presentation of delegates, Iorniation of 
sections and the like. At  the close of the  ses- 
iiion the  members go to the ITeimwald, where 
there will be a n  informal gathering i n  tlle 
restaurant. 

On  Tuesilay and the follom~ing days the 
general sesbions are a t  9, wit11 sectional meet- 
ings a t  2 i n  the afternoons, and on Tuesday 
ant1 Wednesday there are laiztern lectures on 
Styria and the Dalmatian coast. F13orn 430 
on there are srnall excursions to the beautiful 
places i n  the  sur ro~mding  mountains. On 
Friciay evening tllc congress proper ends with 
R ban(lilet to  the congress. 

On Saturday the congress goes on a n  ex-
cursion to the E r ~ b c r g  and T~eogoldstein See 
arid on Sunduy to Trieste, wliere the Austrian 
Zoological Station forms the cliicf ol)ject of 
interest. I f  possible tlie beautiful Imperial 
C'astle of biliramar (asiociatetl i n  the minds of 
Anwricans with tlie unfortunate Maximilian 
of A1ertic.o) will be visitetl. 

F rom Jlonday, f ingust  22, to  Saturday 
evening, tliere will be an excursion i n  one of 
the sfealners of tlie Austrian Lloyds down the 
Dahnat ian coast, stopping a t  Rovigno, Pola, 
Sebenico, Trail, Spolrto, Lesina, Lissa, 
hleleda, Ragusa and Cattaro. Ample t ime 
will he allowetl a t  the latter place for  a t r ip  


