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TI'IE R f l ~ A B I I , I T A T I O N  OF T H E  ALUERZCAN 
C O L L ~ E ,A X D  T I ~ OFPI,B CE 

CBEDIIBTRY IN I T 1  

TIIFEXare t.\vo subjects which a t  present 
occupy the focus of public interest in the 
United States; namely, the American tariff 
ancl the American college. One difference 
hetween the situations in the two cases 
seems to be that whereas a few people are 
strongly in favor of the tariff, nobody has 
a good word to say for the collpge. Per-
haps a reservation should be made in regard 
to the latter; one senator, apparently, 
thinlis that the negative quality of ineffi- 
ciency is better than none at all. His 
~vords are: "I love my alma muter for all 
she has enabled me to be and to do. in 
spite of herself." Re  finds virtue in her 
very laxness. 

Can we as chemists confidently feel that 
Flexner and Birdseye in their voluininous 
writings, and the myriad commencement 
orators in their more or less seasonable out- 
pourings, have all spoken with a definite 
ruental reservation? Can i t  be that all the 
unpleasant things that they have said were 
intended to apply to the whole structure 
of the American college, with the sole ex- 
ception of its department of chemistry? I 
fear not. If then the ihnerican college is 
an Augean stable, shall we wait in the hope 
that some Hercules will come and clean it 

all in twenty-four hours, or shall we take 
off our coats and tackle the problem of our 
own stall? 

An address before the  Section o f  Edllcation of 
tile ~ ~ ~ ~ i society,~ at ,t he  , ~ ~ t ~ ~ i tcllemicnl ~ 
meeting, July,  1909. 
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TIIE OLD COLLEGE AND THE NEW 


The early A~nericnn colleges suffered 
froin no such torrent of criticism. For a 
time, indeed, some of them were blamed 
because thcy raised money for religious in- 
struction by means of lotteries. But 
against the seriousness of their scholarship 
and the strictness of their discipline no 
voice was raised. The Latin, the New 
Testament Greek, the Semitic languages 
and the essay writings, sermon making, 
public spealiing and debating, which prae- 
tically filled the curriculum, were precisely 
the subjects required for their purpose. 
They were professional schools of divinity, 
and seventy-five per ccnt. of the graduates 
eventually became clergymen. Even to 
those who became lawyers and physicians, 
most of these subjects did not conie amis.  
The law was written in Latin and briefs 
and writs were prepared in Latin. Even 
the works on medicine were printed in the 
same tongue. The general appropriate- 
ness of the requirements was so evident 
that the student could not help being held 
fast, and could not help being carried 
along by the purposeful spirit of the place. 
Other Iearncd institutions did not exist, 
and after a little more study, and some 
practical expel-ience, the graduate was 
ready for his duties as preacher, lawyer or 
doctor. 

Many changes, of which two may be men- 
tioned, have altered the whole situation. 
I n  tlie first place, with the development of 
our knowledge along inedical lines, and the 
greater demands made upon the lawyer 
and the clergyman, the college can no 
longer affect to be in any sense a profes- 
sional school. I t  furninhes as much train- 
ing in the san~e subjects as evcr, in Fact it 
furnishes more, but all that it does is so 
much smaller a fraction of the total pro- 
fessional coursc. that the purposeful state 

of mind of the professional student has en- 
tirely left its walls. 

I n  the second place, the influx of another 
body of students will soon have reduced to 
a minority the proportion of its graduates 
destined to enter one of the learned pro- 
fessions. Only three or four per cent. of 
the graduates of Yale (formerly the official 
divinity school of the neighboring colonies) 
now enter the church, while forty per cent. 
becoine business men. Yet the American 
college has never attempted to be a pro-
fessional school of business. Thus, by its 
failure to retain its old character as a pro- 
femional school, the college has lost one of 
the main sources of its hold upon the in- 
terests of the student body. The colleges 
could not follow tlie development of all the 
professions, so they made no attempt to 
follow any. TTTith the help of the elective 
system, they became bargain counters, or 
rather, since there was not always even a 
salesman specially deputed to give advice, 
the more advanced ones became mere auto- 
niatic caf&s. 

Simultaneously with all this, the college 
has given up its attempt to form the char- 
acter of its students by the enforcement of 
strict regulations. The student is no longer 
guarded against all temptation to form bad 
habits. He is no longer furnishrd with ex- 
ercises and customs calculated to produce 
good habits. 

Thus the colleqe has relinquished its once 
effective plans for training professional 
nien and for turning out men of character. 
The stl.tlctures which perforined these func- 
tions have fallen into disuse. The college 
as an educational institution is biologically 
a mere rudiment of a formerly vital and 
useful organ in the body politic. As one 
of its critics has s ~ i d ,  "I t  is a sort of edu- 
cational wrniifosm appendix. " 

Given an appendix, appendicitis is sooner 
or later bound to appear. TVe are now at 
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the bedside of the patient and, judging 
from the statenients of numerous experts, 
the college appears to be the seat of a most 
violent inflammation. What is to be done 
with the victim of this appalling disease? 

Analogy suggests that the offending 
organ might be cut off. But  the American 
college, not being attached to anything, can 
not be removed. TqTe might resolve to abo-I- 
ish the American college, but the American 
colleges would remain. And perhaps, after 
all, there is a place for the American col- 
lege. The professional schools are rapidly 
adding a certain amount of college work 
to their admission requirements. I t  is true 
that some high schools have added two 
years to their curriculum, but the gap be- 
tween the high school and the professional 
school is widening faster than it can be 
filled by the development of the secondary 
institutions. ITere is still ample room for 
the American college. 

T H E  COLLEGE A PLACE FOR CULTURE 

We must regard as purely futile the sug- 
gestion that the college should be turned 
into a place for culture, if by this term is 
to be understood something distinct from 
scholarship. Flexner2 quotes with approval 
the statement of Professor Mann, in which, 
after indicating the rigid nature of the 
work of technical students, he says : 

For the non-teclmical or general student, col- 
lege laboratory work is neither essential nor de-
sirable; the emphasis in this case should be laid 
upon the services of science in ..developing and -
maintaining intellectual, social and economic life. 

An education composed entirely of this 
sort of work will not appeal strongly to 
chemists. Are not deep knowledge and 
rigid training in science required before 
the services of science in developing intel- 
lectual, social and econonlic life, can be 
properly appreciated t Is  the giving of a 

SCIENCE,N. S., XXIX., p. 366. 

culture course of this description not an at- 
tempt to produce fruit without the assist- 
ance of organs of nutrition and growth? 
Is a course which sets out with the definite 
aim of conferring culture, and nothing 
else, ever anything but a "soft snap"? 
Stimulating i t  may be, if given by an ex- 
ceptional personality, but a good deal like 
the lemorr phosphate and the ice cream 
soda, teiuporary in its effects. I t  pleases 
our palate for the moment and a week later 
is not even so much as a pleasing memory. 
I wonder if culture is not rather to be 
sought as a by-p.rocluct-a by-product of 
cultured parentage arid sound education- 
rather than as an end in itself? 

TIIE COLLEGE FOR TEACHING PROBLEM-SOLV- 

ING 

What important ends of subsequent life 
can the college course appropriately serve? 
Is  not the chief exercise in every profession, 
and in all lines of business, that of solving 
problem^?^ Shall we not then so devise 
our methods of instruction that the stu- 
dent may gain experience in the exercise of 
this most important function. Shall we not 
teach hirn to suspend his judgment, instead 
of acting upon the first idea that comes 
into his head? Shall we not train him to 
search for facts, and to realize when essen- 
tial facts are still lacking? Shall we not 
exercise him in correct reasoning from the 
facts when they have been secured? Shall 
we not, finally, show him the necessity for 
testing his conclusions by careful compari- 
son with the facts and show him how to do 
this? This is no light program. Certainly 
no subject has gained a right to admission 
to the college course until it has demon- 
strated its capacity for being taught in 
this fashion. 

See Protessor A. A. Noyes's recent address, 
" A  Talk on Teaching." 



SCIENCE [N. 8.VOL.XXX. KO.771 

TIIE COLLEGE AS A PRE-PROFESSIONAL SCHOOL 

So much for the general aim of the in- 
struction. As regards the curriculum, 
would it not be well to hark back to the 
plan of the old college, with suitable modi- 
fications? The college can no longer fur- 
nisll coniplete professional training, but i t  
can do pre-professional work. I t  can do 
work of professional quality, so far  as i t  
goes. Let us exclude from the college rig- 
idity all those whose aims are so indefinite 
that they are not willing to prepare for 
some profession. And I include banking, 
insurance and other lines of business 
amongst the professions, for, in spite of 
isolated opinions to the contrary, the col- 
lege ca.12 furnish training in the sciences 
fundamental to business. Let the work be 
scholarly, exact and thorough. Let the 
chemistry and physics be a suitable foun- 
dation for further work in the same sub- 
jects, or for application in physiology ancl 
other more distinctly professional studies. 
Let the political economy prepare for more 
strictly professional courses in finance and 
transportation. If every student is en-
gaged in one of these pre-professional cur- 
ricula, shall we not be able in a large meas- 
ure to restore the purposefulness of the old 
colleges? True, we can never reintroduce 
the regulations and restrictions which 
guided the life and moulded the character 
of the early undergraduate. But, if we 
require every student in college to select 
some one curriculum, and exact of him 
scholarly work in every study, shall we not 
so occupy his attention, that waste of time 
will be reduced to a minimum, and social 
occupations will be relegated to the sub- 
ordinate position which alone they are en- 
titled to occupy? 

To avoid possible misunderstanding, let 
nie add that by pre-professional curricula 
I do not mean narrowly specialistic curric- 
ula. With six or eight years available for 

the total pre-professional and professional 
training, there should be ample room for 
breadth as 117ell as for intensity. What I 
mean is that the present more or less com- 
plete waste of the first part of the total 
course, which is so liable a t  present to 
occur, should be rendered impomible. 

TWO CHANGES IN TEIE PRESENT SITUATION 

REQUIRED 

If the American college is to be re-
habilitated along these lines, namely, those 
of teaching problem-solving and giving 
work of professional standard, or along 
any similar lines, two important improve- 
ments in the present situation are required. 
To give in all subjects the kind of instruc- 
tion indicated will require sk i l fu l  teachers, 
and i t  is generally admitted that the teach- 
ing of undergraduates is at present less 
satisfactory than is that of the pupils in 
the grades and high school on the one hand, 
or of the students in the graduate on the 
other. The second need is that of more e f i -
cielzt methods o f  teachi?zg, particularly in 
non-linguistic subjects. 

TRAINING IN TEE ART OF TEACIIING NEEDED 

The various causes of poor instruction 
in our college classes have been discussed 
at length by Flexner and Birdseye. I wish 
to speak of only one out of the whole num- 
ber. When we desire the services of a 
physician we seek a man who has been 
trained in the practise of medicine. And 
when we employ a lawyer we entrust our 
business to one who has had training in the 
practise of law, and not to one who has a 
merely theoretical knowledge of the sub- 
ject. Yet when me set out to find a college 
teacher, we enquire for a doctor of philos- 
ophy. The doctor of philosophy is a per- 
son who has devoted several years mainly 
to the study of one subject and often of a 
sr11al1 corner of one subject. IIe is a per-



son who has had his attention for a time 
directed, with the utmost insistence, ex-
clusively to the making of sonie addition 
to human kno~vledge. IIe may be an inves- 
tigator, but he is not necessarily anything 
else. Training in the art of teaching is not 
even a minor requirement for the degree. 
MTe are constantly told that teacher.? are 
born, not made. So, however, are the most 
successful lawyers and doctors. This 
"nascent" theory of teaching will not bear 
a moment's scrutiny. What natural meeh- 
anism exists that shall direct the born 
teachers into teaching, and shall prevent 
the born policeman and born stoclr specula- 
tors from drifting into the same line of 
work? Then again, is the born teacher 
necessarily able to teach without training? 
The discoverer of an important surgical 
operation as probably a born surgeon, yet, 
unless the story is entirely apocryphal, he 
destroyed a whole hatfnl of eyes before he 
found out how to perform the operation 
successfully. Should we per~nit all other 
surgeons, including those of less native 
ability, to learn the art in the same way? 
Since the art can be, and is, taught in a 
more economical fashion, should we not re- 
gard the continual repetition of the orig- 
inal process as an unbearable atrocity? 
Shall we then allow even the born teachers, 
not to speak: of those who are not of this 
select group, to mutilate the minds of our 
youth while learning their business? 

No one has yet analyzed s~~ccessfully the 
attributes of the investigator, on the one 
hand, ancl the attributes of the teacher 011 

the other, and placed thein side by side, in 
such a Ivay that the extent to which they 
are congruent can be determined. But, 
that the natz~ral qlcnlitics of the investiga- 
tor should incluclc all natural clnalities of 
the teacher, and that othcr qualities which 
the jnvcstigation acqz~irwby tmini??g i?z. 
research should include tlic whole art of 

teaching, can not for a nioiiient be believed. 
Perhaps an analogy may serve to bring out 
the distinction. We might train a man in 
the theory of music, and drill him in 
musical composition, so as finally, with the 
assistance of his natural ability, to develop 
a successfl~l composer. Yet, if the require- 
ments for the doctor of philosophy in 
music did not include anything more, me 
should be extremely foolish to infer that 
the graduate would be able to perform 
upon some musical instrument. I3e woulcl 
be in the precise position of that classical 
person who did not know whether he could 
play the violin or not, because he never 
had tried. His position would be only a 
shade less absurd than that of the individ- 
ual (commonly Imam as the college presi- 
dent) who, knowing the candidate had 
never been trained to play, nevertheless 
selected Iriin to fill a position in the college 
faculty orchestra. 

Of course I am aware that the president 
searches diligently for teacl~ing experience 
amongst the qualifications of the candi-
dates, and very often succeeds in detecting 
distinct traces of it. But teaching experi- 
ence is one thing, and slrill in teaching is 
another. The self taught analyst is a lot-
tery, with the ellances mnch against the 
gambler. IIe may have succeeded in teach- 
ing himself more bad habits than good 
ones. 

J t  is hardly necessary for me to say that 
we should welcome the investigator and, 
other things being equal, prcfer him in ma- 
lring a college appointment. In the college 
teacher, a keen interest in research and the 
ability to clo it are indispensable. It is for 
some rational method of adding to the re- 
search ability, a certain amount of instruc- 
tion in the art of teaching that I an1 plead- 
ing. Surely some method can be devised 
by which the prospective college teacher 
may get over the cruder blunclers and mis- 
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takes of his first years of teaching, in cir- 
cumstances in which less harm will be done 
to the student-and perhaps to the man's 
own reputation. Tf he has already taught, 
i t  should be possible to cure him of some 
of the worst habits he may have formed. 
One of our problems seems to me, there- 
fore, to be the improving of the teaching 
in college classes by some system of train- 
ing college teachers. 

IMPROVED METIIODS OF TEACHIKG NEEDED 

If we are to give work in college up to 
the professional standard and in such a 
way that training to solve the problems of 
after life is to be given, we must have, not 
only skilful teachers, but improved meth- 
ods of teaching. 

The method of teaching languages, 
partly because of the nature of the subject, 
and partly as a result of long experience, 
has been brought to a high degree of per- 
fection. The grammar furnishes the laws 
and general principles, together with all 
the known exceptions. The dictionary sup- 
plies the isolated facts in such a way that 
they can be most readily found. The text 
providcs the subject of study in constant 
and definite form. The method of stndy- 
ing a language is extremely simple and is 
easily worked into the habit of thonght of 
the pupil. IIe learns from experience to 
suspend his judgment in regard to the 
meaning of the author until he is in  pos- 
session of the facts. IIe lrnows exactly 
where to look for the facts ancl what facts 
to look for. IIe learns to reason correctly, 
and the nature of the subject is s11ch that 
he alnlost always lrnonrs when he has 
reached the correct conclusion. I n  other 
words, every conclusion is tested, and 
every element in problem-solving by the 
scientific method is covered. Mistakes, 
when he rnalres them, are sooner or later de- 
tected and rectified. The nlethod is simple, 
yet of unquestionable efficiency. 

A method so simple and certain has not 
yet been devised for history, literature, 
political economy or chemistry. Perhaps 
the successful stucly of tliese subjects can 
never be made so casy as in the case of 
languages. Yet it should, at  least, be pos- 
sible to detect the fundamental character- 
istics which make the study of language 
successful and adapt them to the teaching 
of other subjects. 

T H E  LECTURE METEIOD 

Can it be said that any such successful 
inethod is used in chemistry? Is there, in- 
deed, a general method of any description 
in use? Mvst commonly a course of lcc- 
tures occupies a prominent place in thc 
scheme of instruction, and an even more 
prominent place in the estimation of the 
student. The lecture method has its ad- 
vantages. The facts can be presented more 
graphically than by any book. The rela- 
tions of the facts can be explained with 
greater lucidity and in a more impressive 
manner. Illustrations can be n~ultiplied, 
as they could hardly be multiplied in a 
booli. Experimental illustrations, xvhich 
are impossible in print, can be given. Yet 
who would feel that a lecture on twenty- 
five French words, no matter how brilliant, 
follo~ved by other lectures of the same Bind, 
wit11 occasionally a lucid and interesting 
exposition of the meaning and applic a t '  ion 
of some rule, would collier an  ability to 
read, co~lstrue or speak French? After all, 
it is the sttident who has to acquire the 
Frcnch. By vigorous and persistent exer- 
cise, the stzlderzt has to possess himself of i t  
completely. One might alnlost as well at- 
tempt to make a change in the plumbing 
of one's house by tallring to it, or to drive 
a golf ball by the use of language-alone, 
as to teach French by lecturing. 

I t  too frequently happens, although i t  is 
not a necessary part of the lecture system, 
that the lectrrre is given by one who has no 



SCIENCE 


contact with the laboratory work and per- 
haps pays no particular attention to what 
is being done in the laboratory. On the 
other hand, the laboratory work or the dis- 
cussions may be conducted by one who is 
not in touch wit11 the other two parts of 
the instruction. That confusion and waste 
of effort in such circumstances should 
arise is not to be wondered at. 

LECTURE VERSUS DISCUSSION PREPARED FOR 

IN ADVANCE 

As I have suggested before, the successful 
features of language teaching might be 
imitated where they are applicable. For 
example, in Latin, we teaah not merely the 
language but, just as continuously and un- 
remittingly, we teach the metl~od of study-
ing the language. I find that more than 
half of the students in a college class have 
not the faintest idea how to set about 
studying chemistry. They spend quanti- 
ties of time, yet, for lack of a method, 
obtain very slight results. Should we not, 
for example, explain to them how to notice 
the significance of each word in a law, 
and to expand the succinct terms in which 
i t  is stated? Should we not insist on their 
connecting each law with a set of illustra- 
tions; enjoin them to apply each illustra- 
tion closely to the law, word by word; and 
finally advise them to close the book and see 
whether they can recall the facts that led 
up to the law, reproduce the full meaning 
of the terms in which i t  is stated, and make 
the application to the illustrations. Do we 
not simply assume that they will invent a 
method of study for themselves? I t  was 
years before I myself realized that I had 
been making this assumption, and how 
woefully wide of the truth i t  was. 

I t  is a platitude to say that no method of 
teaching which disregards f undamcntal 
prope~*tiesof the human mind can possibly 
be successfnl. Yet I must confess that I 

have used for years precisely such methods 
without realizing the fact. For example, 
the lecture places the student in a passive 
and receptive attitude. Yet i t  is not the 
reception, hut thc reproduction of an idca 
that fixes i t  in our memory. The hearing 
of a story makes no permanent impression. 
It is only after x e  have retold the story 
that i t  suddenly leaps into a permanent 
position in our repertoire. The first hear- 
ing of an idea produces but a faint track 
in the brain. I t  is the putting together of 
this idea, in it3 original setting, and also 
along with new ideas, that converts the 
first faint track into a traveled road. Is  i t  
not one of the strong points of language 
study, that the student must put together, 
in an endless variety of forms, the limited 
nuinher of ideas he is trying to master, and 
must do this by his own efforts? 

Again, rspetitio.rz, explicit and persistent, 
is absolutely essential to fair acquisition. 
The lack of this in science teaching has 
recently been cniphasized by President 
Remsen. Bet in~fch repetition in a lecture 
is out of the question. I t  becomes tedious 
and boresonie. I t  is like having the same 
person introduced to us formally five or 
six times over. We are conscious of bore-
don1 the second time, irritation the third 
time, rage the fourth time, and thereafter 
settled hatred of introducer and intro-
duced alike whenever hear that person's 
name. Pet,  if we had been furnished with 
an opportnnity spontaneously to recognize 
thc person the second time, we should have 
been pleased to meet him on that occasion, 
we should have greeted him as an acquaint- 
ance on the third occasion, and have felt 
the impulse of close friendship before long. 
We can not alter human natnre. In the 
study of language we have an opportunity 
to meet and recognize the friends vir-l.iose ac-
quaintance we first ~nalie through the dic- 
tionary, and the subsequent encounters 

http:rspetitio.rz
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follow the line of our natural instincts. If 
we fail to  recognize one of our word-ac-
quaintances, the request for a fresh intro- 
duction conies Proin our ow31 side. Does 
not the more informal discussion of chem- 
istry in the class-room furnish *just tlie sort 
of opportunity 1lrc require for contit~ual 
repetition \vitliout boredom? I s  the almost 
l i~~i i t less  onerepetition of larlgllagc stucly 
bit more than is necessary? Can me then 
afford to do with any less amount of i t  in 
studying a science? Can we afford to turn 
into lectures any of the all too few hours 
available for exercises i n  repetition and 
interrelation ? 

Finally, the student in a lecture course 
must follozv sttcccssftilly or he is lost. The 
lecturer is not a phonograph. IIe can not be 
turned baclr, so as to repeat the exposition 
of the idea which has so1neho.w niisscd one 
of i ts  marlis, or to reprod~xce the Bey worcl 
which the student has sornehow failed to 
catch. Extraordinary variability in  tlie 
speed with which different individnals ap- 
prehend the same thing is one of the rnost 
conspicuous qualities of a group of liunian 
mincls. Naturally the Zeciuro- inust set 
his speed to suit the pace of the slowest 
members. Whcn the work is conducted in 
such a way that home preparation can not 
be avoicled, a3 i t  easily can be, ant1 is, for 
most l e c t ~ ~ r ~ s ,  variable factors aretlie 
eliriiinated frorn the elam room and relc- 
gated to the study. Each student taltcs 
whatever amount of tinre is necessary for 
mastering the assigned lesson. And thc 
assernblagc which p r e ~ e n t s  itself to the  in- 
structor is therefore of nlore nearly ~xni- 
form quality. 

If we had attempted to devise sorne 
method which should nxn contrary to all 
the conditions for surccssful luldergradu- 
ate instrnction, we colxld Iiardly have in- 
vented a scheme which would be more cer- 
tain t o  fail than that T air1 discussing. 

The main point is that rvc learn only by 
our own cEorts, and not hy ~vatching the 
eff'orts of others. Some one has said t,lila 
the college is a "gymnasium where the 
faculties of men are exercised ancl cle-
vcloped, rather than a boarcling house 
where the students are erarnirled with 
facts." We clcvelop physical rnnscle by 
exercise. Is there any other way of dc-
vcloping mental fiber? Can we ever cause 
mental fiber to dcvelop by cleding out 
ready-made ideas : i t  is a psychologically 
impossible process. I s  any one under the 
illusion that the fifteen thousand spectators 
a t  a football game get any perccptible 
physical exercise out of watching the per- 
formance of the teams ? 

The college course is to  teach the student 
to solve pi+oblr ,~s .  T~ct us hc~vai-e of a 
riictliod of instrnetion in \vhich the facts 
are Eound, not by tlie student, b i ~ t  by thc 
professor; in which they are arranged and 
related, again by the professor; in  which 
tlie conelnsions are drawn, by the pro-
fessor; and the concluisions arc finally 
tested, not by tlic stndeut, but 11y the 
instructor. I f  by this process we man-
age to liypnotizc the student into think- 
ing that lie has acquired the ability hini- 
sclf to solve problems, there will be a 
rude awakening nhen the tinre cornes for 
him to solve prohleirls without assistance. 

A NETIIOD FOR TEACIIING CIIEBIISTRY 

I'o be niore concrete, i t  seems to  me that 
llie following are tlie conditions for the 
teaching of colleqc chemistry : 

First, the laboratory and class-room 
~rorlc nrust run parallel with one another 
th~~oughontthe year, and the same subjects 
rilust be treated sinlultaneously in  both. 
When separsation occurs, the total "yielcl ? ? 

is reclucecl to an astonishing cxtent, ancl 
conversely. 

Seconcl, specific laboratory exercises must 



be assigned for each week. Pnnctual per- 
formance of these exercises must be insisted 
upon. The laggards must begin each week 
with the work of that week, before making 
up any leeway. Enthusiasts who mould go 
ahead, and finally reach a point where they 
are performing experiments five or six 
weeks before they are to be discu~sed in the 
class room, must be restrained by force. 

Third, the subjects for the class-room 
discussion must be assigned in advamce, 
either frosn the laboratory experiments, or 
from the text-book, or both, and due prepa- 
ration must be insisted upon in every in- 
stance. To iiisl~re preparation, a question 
susceptible of very brief treatment, yet 
dealing with some significant point, may 
be set at the opening of the hour. After 
five to ten minutes, the answers are col-
lected, and later they a,re read, marlrecl 
and returned. Such questions may be set 
a t  any class meeting, and as often as is 
necessary to secure regular preparation. 
The subject of the question, being now 
uppermost in the minds of the student, 
forms the best starting point for the sub- 
sequent discussion. I n  this way, a section 
containing as many as fiEty to eighty stn- 
dents may be handled. 

If the chief instructor has not time to 
conduct the whole of the ~vork, this, the 
discussion or recitation, is the part of it 
froin which his presence can least be 
spared. Here is the opportunity to use the 
maximum of knowledge, alertness and re- 
sourcefulness. EIere is the place wllere the 
student shows how far  he has been able to 
put together ideas for himself. IIere is 
the place for repetition and interweaving. 
Here is the place for final removal of all 
difficulties and for distilling from the snb- 
jeet the last drop of instruction that i t  can 
yield. 

During these exercises the usual demon- 
stration experiments are shown at appro- 
priate points. 

By this arrangement the student can not 
feel that the laboratory work is for the a($- 
quisition of snechanical skill, or for the 
belated illustration of something mentioned 
in a past lecture. He is made to feel that 
it is a necessary ancl valuable part of the 
preparation for the class-room work--
which is conducted so that the method 
of converting laboratory experience into 
chemical knowledge is made plain. Prob-
lems turn up unsought. The pupils have 
acquired at least the routine 1;nowledg.e in 
the laboratory and at  home, and the solving 
of the problems is almost the only thing 
that rernains to be done in the class room. 
The whole time of the instructor is there- 
fore devoted to teaching problem-solving. 

I am offering these suggestions merely 
for what they may be worth. I have no 
desire to dogmatize in regard to details. 
I merely submit the almost self-evident 
proposition that the lecture-method can 
never play any appreciable part in train- 
ing people to solve problems for themselves. 
Laboratory work, if dissociated from class 
work, will never do i t  either. A system 
which exacts continuous and thorolxgh 
home-study, both of the text-book and of 
the results of the laboratory worlc, and pro- 
vides for the maximum amount of the most 
skilfully conducted discussion of the re-
sults that can be provided, stands a strong 
chance of awaliening and bringing to a 
high state of perfection this, the most essen- 
tial of all the elements in the mental equip- 
ment of a human being. 

I f  the instructor feels, for any reason, 
that lectures must be given, then many of 
the most serious defects of the system niay 
be remedied by assigning the subjects in 
advance for liome study, an! setting a writ- 
ten question as described abore. The whole 
process consumes ten minutes, but the 
preparation i t  entails makes possible the 
covering of nearly twice as much ground in 
the remaining forty-five minutes. Much 
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of the merely descriptive matter can be 
omitted, and the shorter explanations suf- 
fice. 

SUMMARY 

To return to our thesis: the college can 
reconstitute itself an indispensable and sue- 
cessful factor in American life if i t  will 
devote itself, and confine i t s e l f ,  to pre-pro- 
fessional worli-specific work in prepara- 
tion for the learned professions and for 
business-and if it will devote itself, and 
confine i t se l f ,  to turning out men and 
women able to solve problems. I think we 
must be ready to admit that, to do these 
things, the college requires, and should have, 
a more definite source for slcilled teachers, 
and that the college must vastly improve 
the methods of instruction in many of its 
subjects. If we as chemists can devise a 
method for training teachers of chemistry 
and can improve the methods of teaching 
the science themselves, we shall not only 
have done a service to the science, but we 
shall have contributed our share towards 
the rehabilitation of the American college. 
Perhaps we can do more than our share, if 
we are right in feeling that chemistry, ap- 
propriately taught, can furnish quite ex- 
ceptional training in the art of problem- 
solving. T.TTe can make our contribution 
doubly welcome and doubly valuable if we 
are willing to tackle the problem a t  once 
and resolutely by scientific methods, and to 
put our solution quiclrly into practise. 

COLLEGE CEEJIISTRY BBTONB THE 
ELEL~~EBTARYCOURSE 

SINCEthe character of college chemistry 
beyond the elementary course is determined 
to a great extent by the nature of the in- 

I A  paper read before the Section of Education 
of the American Chemical Society a t  Detroit, 
July, 1909. 

troductory work, one is compelled in a dis-
cussion of this kind to make certain sup- 
positions concerning the nature of an 
elementary course, and to proceed upon 
the basis of these assumptions. 

Toward the close of the first year, by 
imperceptible gradations, the course in 
general inorganic chemistry is often al-
lowed to flow into routine analysis. I 
can not help feeling that this is especially 
undesirable. The practise materially 
shortens the course in general chemistry, 
and takes for its own uses time which 
might be spent with greater profit in the 
study of many properties of the metals 
which are more varied in character than 
the limited number usually chosen by the 
analyst for the purposes of testing and 
identifying these same elements. 

If the elementary course has given the 
student a somewhat thorough preparation 
in general inorganic chemistry-a full 
year with the usual number of hours of 
recitation, lecture and laboratory work- 
the college student comes to his second 
year with the following customary divi- 
sions of chemistry before him : Qualitative 
analysis, quantitative analysis, organic 
chemistry, physical chemistry. 

It would lead me too far  afield to con- 
sider all of the courses which follow the 
student's elementary training; so I have 
chosen to limit my remarks to those courses 
only which lie in these divisions immedi- 
ately beyond the course in general chem- 
istry. 

Among these divisions, qualitative analy- 
sis in the majority of cases is the one which 
may most profitably be made the successor 
of the first year of chemistry, provided, of 
course, this subject is approached from the 
proper standpoint. I fear, ho-cvever, that 
many of our colleges, even to-day, have not 
emancipated themselves from the old 
method of teaching this subject, but are 


