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LABORATORY - TEACHING OF LARGE
CLASSES.*

TeAacHING may be subdivided into two
kinds: First, that which cultivates the fac-

- *Annual discussion before the meeting of the American '

Society of. -Naturalists, Baltimore, December 27, 1894. The
continuation of this discussion by Professors Bumpus and
.Ganong will be published in the next issue of SCIENCE.

ulties of the individual, increasing his abil-
ity to work for himself and enabling him to
use his intellectual powers with confidence
in the acquisition of knowledge. Second,
that which disregards or takes for granted
that he has these powers at his' command
and strives to increase his store of informa-
mation. The first process is the improve-
ment and building up of the intellectual
forces by any means that will enable them
to do their work thoroughly and correctly,
and the second is practically, except in so
far as it can be used in carrying on the first
process, a load carried by the brain. Simi-
lar in fact, though not in kind, to the extra
fats and extra growths, of all sorts carried
by the body, it may sometimes be of ad-
vantage, and sometimes, when in unnatural
proportion, a serious and perhaps even an
injurious burden.

The cultivation of the original powers of
the individual, of his whole mind, with, of
course, proper regard for moral and physi-
cal well-being, which are, in my opinion,
equally important and essential, is akin to

the treatment by which a good teacher of

athletics strives to improve the native
strength of a pupil and give the muscles
endurance and force, and which the young
gymnast himself is taught how to use to the
greatest advantage. This athletic training
must go hand in hand with judicious feed-
ing, and in the parallel processes of educa-
tion similar objective training must go hand
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in hand with a legitimate amount of - infor-
mation. It is striving against nature to
throw a pupil wholly on his own resources
and allow him to find his way alone. This
effort not only wastes valuable time, but it
is ‘an attempt to return to primitive condi-
tions and to produce unfavorable surround-
ings that do not exist at the present time.
This kind- of teaching is fortunately very
rare nowadays, and usually an ideal that it

is impossible to pursue consistently in act- -

ual practice.

The natural and right course is really fol-

lowed by a very good teacher, and strives
not only to exercise and train his pupil’s
faculties, but at the same time or at proper
intervals furnishes information that will
give needed mnourishment and renewed
strength to his power of doing pioneering
work, if he be capable of this higher order
of effort. '
'~ The happy combination of self-culture
and sufficient intellectual meals is by no
means easy, and they are mingled in due
proportion only when the pupil can be em-
ployed for much the largest part of his time
in the handling of objects or experiments
under proper direction, which will enable
him to build up by his own experience meth-
ods suitable for his own mind, or, failing
that, to at least learn how original work
has been done by others.

Laboratory teaching is an effort made
now by all institutions to furnish proper
facilities for practical instruction of this
sort, and it is successful or the reverse, ac-
cording to the proportions in which the
system adopted deviates from the happy me-
dium in which neither self-culture nor the
administering of information is allowed to
usurp the whole field.

This being a partial description of Labor-
atory teaching, it is a question in the minds
of most naturalists whether it is in a strict
sense applicable to large classes except un-
der very exceptional conditions. In the
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first place, what is a'large class; is it forty,

eighty, or one hundred and sixty? Can
the class be taken in sections or must it be
handled as a whole? Can the instructor
command laboratory facilities in the shape
of rooms, tables, specimens or instruments,
and materials for observation or experi-
ment, and, above all, can he command as-
sistants ? All of these queries must be re-
plied to in some shape by each instructor
before it is possible for him to consider
the subject from any practical point of view.
It is obvious that laboratory exercises and
information must be individualized to be of
the highest standard, and this could not be
carried out fully by an instructor alone, ex-
cept for a small class. There is also an ob-
vious limitation of numbers due to the neces-
sary limitation of facilities that can be
offered by any institution, however well
equipped. Even if an instructor had an
enormous laboratory capable of accommo-
dating a large class and money to employ
the best of assistants, it is also obvious that
the larger the class the further removed
the members must be from personal contact
with their teacher, and as individuals con-
sequently less able to benefit by his experi-
ence and by his example, these two last be-
ing perhaps after all among the most im-
portant elements of good teaching.
Assistants come notonly between the head
teacher and his pupils, but where there are
many minds there must be some strict
system and set ways of doing the work, and
more or less disregard of the peculiar needs
of each individual. It is, however, evident
that as long as this is recognized as a neces-
sary evil, and the red tape of the system
regarded in this light and not exalted into
a fetish of productive virtue, a very large
class may be kept at work through assist-
ants, if they are allowed to have some indi-
viduality themselves and are taught to cul-
tivate the same gift in some of their pupils.
In such matters, however, one must speak
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from the fulness of his own experience, and
T must leave this s11bJect to those who have
had experience in conducting large labora-
tories crowded with pupils.

.My own experience has been with a few,
unfortunately with very few pupils of the
highest grade, and then, skipping all inter-
mediate grades, next with pupils who have

come to me uninformed or worse off in being -

burdened with undigested information. The
first of course had almost unlimited time
and ample facilities, and, therefore, do not
come into consideration here.

_ My classes have varied from ten to five
hundred, but unluckily the binding force of
the conditions under which instruction was
given did not vary in the same proportion.
I have always been obliged to give lessons
to.the whole class at once, and the time has
been invariably limited to comparatively
few hours.

Under these somcwlnt difficult coudltlons
it became necessary to adopt .some system
‘that would include, as far as practicable at
least, the idea of self culture, so that the
‘pupils would at any rate not-be led into the
belief that they knew how to handle and
use a subject when they really had only ac-
quired some information and the power to
read about it more intelligently, and perhaps
also the ability to recognize certain facts of
“which no educated man should be ignorant.

Permit me to exercise one of the usual
privileges of every speaker and enlarge
somewhat the boundaries of this discussion
Dby asking you to con51de1 Laboratory Teach-
ing -as but one branch of object teaching.
‘We shall then be able to regard it from the
point of view of its essential character and
see more clearly its application to cases in
which large classes must be dealt with in
lecture rooms capacious enough to hold from
-cighty to five hundred or even more persons.
Jt may then be said, that in proportion asa

lecturer follows objective methods and clings

to the habit of making his audience. see,

SCIENCE.

199

cach for himself or herself, the objects he is

talking about, in just the same proportion

is he trying, at least, to educate them ac-
cording to the ideal standards.

Some twenty-four years ago the Teachers’
School of Science was begun-in' Boston and
it became necessary to decide how the les-
sons should be conducted. To be faithful
to the ideals of science and handle a class
as large as could be comfortably seated in
the lecture room of the Boston Society of
Natural History was the practical problem,
and secondarily how to do this so as to lead
to the final adoption of mnatural history

- teaching in the public schools.

Two necessary conditions were assumed
as the basis of the system adopted : first, the
actual study of specimens, and second, the
subsequent possession of these by the teach-
ers.  This system was inaugurated with a
class of eighty, and was found to be practi-
cable with five hundred persons, and suc-
ceeded as well as could be expected with
such large audiences. The lecturers em-
ployed by the school, which subsequently

-.came for the most part under the patronage

of the Trustee of the Lowell Institute, Mr.

Augustus Lowell, “were instructed to con-

form to the requirements mentioned above,
and the system has not been materially al-

tered since the beginning, except in one of

these requirements. Of late years it has
not been -deemed ‘necessary to have very
large classes, nor to distribute specimens in
such profusion as during the earlier years
in which hundreds of thousands had been
given away. The details are very simple.
Every person in the audience is furnished
with a certain number of specimens. - These
are placed by assistants upon. temporary
tables opposite cach chair before the lesson
begins. -The tables-for large classes were of
the simplest description, mere boards with
a slight moulding to keep objects from roll-
ing off. They were made in sections and
were fastened to the floor by iron stanch-
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ions that could be unscrewed and removed
after they were no longer needed. Tt occu-
pied three men about onec-half of a day to
put them up and take them down and store
them away from a lecture room accommo-
dating five hundred persons. The seats in
this room were the ordinary distance apart
and were not constructed especially for the
purpose of giving additional room for these
tables. Similar tables have also been built

‘and used successfully in several different lec-

ture rooms.

The lecturer leads his hearers to observe
with the specimens in hand certain facts,
and he may if he chooses go far beyond
these simple observations in his remarks,and
he very often does this, but thespecimens
are dead weights upon his flights into the
empyrean of fancy or theory. The objects
are there; they demand constant atten-
tion, and the teacher cannot keep away
from their consideration, nor can his audi-
ence lose -consciousness that they are the
subjects upon which the work is to be
done. .

The principal difficulty is to acquire the
habit of carrying on the thread of the dis-
course, directing it to some definite morpho-
logic point, or whatever the lectuier may
choose, weaving the facts shown by the
specimens into a demonstration of this point,
and at the ,same time. keep, the pupils at
work upon the specimens to suclr an extent
that most of them actually see the neceded
facts. ' ‘

The field capable of being illustrated and
taught in this way is neccessarily limited,
and -there are in each branch of science
certain series of facts requiring elaborate
apparatus or rare specimens that cannot be
used in sufficient numbers. Nevertheless,
the limits in each department are.not so
narrow as one at first thinks, and the field
covered grows continually broader in pro-
portion to the ability and experience of the
instructor.
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The first expense is not large; the cost
of the Geological and Mineralogical speci-
mens was about ten dollars for each lecture,
and for Botany about fifteen, and Zobdlogy
twenty to twenty-five for audiences of five
hundred.

But before entering upon the second part
of my subject, the application of this method
to smaller classes, permit me to say that
diagrams were used in order to direct the
attention of the audience to the facts to be
observed, and they were encouraged to make
notes and sketches and instructed in the
use of a cheap magnifier costing from sixty
to seventy-five cents. The lecturer was
allowed also to place objects similar to
those in the hands of the audience upon his
table and platform and on the tables in the
body of the lecture room, and whenever
practicable these were living representatives
of the preparation.

It is needless to say to this audience that
no claim is made here to the discovery of a
royal road to knowledge. The system itself
is an ancient oncand was used before I was
born by many persons. The habit of ob-
serving accurately cannot be formed by an
hour o1 two of work on Saturday afternoon,
even with the use of specimens. The
method has, however, a valid claim to con-
sideration in so far as it possesses great
advantages over the subjective methods of
the ordinary lecture, when illustrated solely
by diagrams or stercopticon pictures, and
its results are far more satisfactory. '

Alllessons or lectures away from the act-
ual presence of the objects described or dis-
cussed throw the individual back upon his
own mental processes, unless he already
has experience and knowledge of the facts
Tlustrations in the shape of dia-
grams or stercopticon pictures are substi-
tutes of one dimension ; they have the su-
perficial attributes of length and breadth,
but their ‘apparent thickness and solidity
are artistic ‘shams. Peoplé who are taught
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in this Way think afterwards in a weak sub-

Jeetlve form. The objects depicted are present’

to them as pictures, not as things. The
elasses in-drawing at the Lowell Institute
were obJectl\rels' tanght and not permitted
to draw from illustrations, but among the
pupils there were often some that had had
instruction accordlng to this method. They
were seated .and pl'leed so that no two per-
sons got-the same view of a cube mounted
on a stand, in one of their lessons. Those
that had had no training from copying flat

illustrations tried to depict wlnt they saw;’

those that had had this sort of training us-
ual]y outlined the cube as they thought a
cube ought to appear, giving it the conven-

tional shape and aspect it had in their own-

minds. \Vhethel seated on the floor or on
ch:urs, or standing, in front or at one side,
the cube almost invar 1ab1y appeared - on
their sheets with the top side in perspective,
whether they saw the top or did not seec it
from their station. . A
Able pupils carry aw’ty from our lessons
-much more than they can from lectures,
however claborately adorned with illustra-
tions, and our results show that cven the
crudest efforts to observe facts with ex-
amples in h'md lead often to a 1eahzat10n
of the eﬁ'ectlveness of ochctlee work and a
desire for more culture in this direction.
These lectur es to large audiences created
gradually a demzmd f01 more precise and
extensive instruction in some of our p}_lpllS,
and this demand led to‘ the giving of series
of lessons on the same ‘subjects to more
limited numbers and extendmg over longer
periods of time. These have lately taken
the- form of consecutive courses running
through each winter for four years. We
have just finished onc on Gcology of this
amount of time, about one hundned and
thirty hours in all, and another in Botany
.and have still another in Zoology and Pale-
ontology, of about,the same length, which
will be finished this year.
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In these classes numbering from thirty-
six to forty-cight the lecturer treats the au-
dience in much the same way as far as
specimens are concerned, but having more
time and more control over the pupils, he
can do his work more cffectually. Each
person must have a note-book and magni-
fier; microscopes are furnished by the So-
ciety. The pupils are told that they must
make notes, and must make sketches of the
specimens. Those who state that they can-
not draw are instructed to try and are
shown that the quahty of theu drawing is
not of so much 1mp01tance as the employ-
ment of the eyes and mind in trymg to
draw the object before them The act of
trying to draw a specimen ‘is not absolutely

~essential to the success of this method, but

it is very helpful. It holds the pupil down
to his work, keeps him’ constantly observ-
ing, and he soon learns to make app10x1—
mately a good outline of the specimen, and
then studies the details much more closely
than he would otherwise do, if not making
an effort to represent them on his sketch..
Different teachers have different ways of
doing their work, but in general it may be
said that those at present at work in the
school follow this process more or less and

. also hold either examinations at stated in-

tervals or hdve reviews in which the stu-
dents are questioned with.regard to what
they have been studying and so on. One
gentleman keeps a complete card catalogue
of names and marks, so that he can follow
accurately the exact course of each pupil
back through the entire_four years, and he
holds no final examination, preferring to
make his work perféct as he goes along.
Two of the teachers—there are only four
in all—have constantly had the services of
two assistants who helped to set out the

_specimens and clear the tables after the les-

sons were finished. These assistants were
for the most part selected from the audience,
and can generally be obtained in this way,
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either as: voluntary laborers or for a very
moderate compensation. = These persons,
under the direction of the teacher, help him
to supervise the note-making and microsco-
pical observations ‘of the pupils and help
them to see and discuss with them the facts
that they observe. A large part of every les-
son is passed in the description and discus-
sion of observations made on the specimens.
The pupils are also encouraged to work in-
dependently in making connected studies
and collections out of doors, and to embody
the results in reports and actual collections
presented at the final examinations or at the
close of the term.

Field work is also carried on in connec-
tion with the laboratory lectures in miner-
alogy and geology, and it is proposed to do
. the same when opportunity offers in other
branches. One can judge in part of the
ability and attainments of classes by the ex-
amination papers and their note-books kept
through the term, and the results in this di-
rection have been highly satisfactory. I
have not had time to gather any of these
evidences as I had intended to do, and I
shall have to ask you to take my word for
it that these were more than creditable.
T have brought a few placards of the courses
and of the questions for the final examina-
tions in two of the courses, which I have
exhibited for your inspection.

The persons attending these lessons were
all adults and mostly teachers in the public
schools, but the same method has been found
to be equally successful with classes of the
Institution of Technology and Boston Uni-
versity, and no difficulty has been experi-
enced in handling them in this way beyond
what is usual with such pupils. Pupils of
the Teachers’ School of Science have also
applied the same method to large classes of
young people of both sexes in the public
schools, and by covering less ground at each
lesson succeeded with them also.

Tn certain subjects, such as Physical Geog-
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raphy, Chemistry and Physics, and Physi-
ology, and so on, this method has a neces-
sarily more limited application than in the
branches enumerated above, but even im
these departments it has been more or less
used, directly by selecting the few experi-
ments that could be actually made by indi-
viduals in the audience, and indirectly by
showing others on the platform that could
be repeated by them with apparatus that
they could make themselves, or purchase
with very small outlay.

- Permit me in conclusion to repeat that it

" has been thoroughly tested with such classes

of persons of all ages as have been described;
but it has not yet, as far as I know, been
applied to large classes of students in any
university. If it has been applied to such
classes by any one their experience is proba-
bly known to some persons in the audience,
and I shall be glad to hear what the results
have been. I am aware that our experi-
ence will probably be of real value only to
those who have to deal with classes having
at their command a limited number of hours
and but little chance for laboratory work
outside of the hours devoted to the lessons.
Nevertheless, there are many who now lec-
ture with illustrations, diagrams and the
stereopticon, to whom I would with all de-
ference suggest the possibility of adding to
these specimens distributed among their
pupils. And I further make bold to recom-
mend that those who. make partial use of
text-books, as aids for the pupils to study
and recite from, drop a part of these re-
quirements and allow their pupils to substi-
tute actual work on specimens done inside
or outside of the class-room, collections
made by themselves and so on. I also
crave their permission to suggest one fea-
ture of our examinations which you will see
mentioned on the cards I have displayed.
This consists in placing before each pupil a
set of test specimens which he is required
to place in proper sequence as regards their
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mutual relations, to number, name, describe,
and so on, in accordance with what he has
been taught. I have myself a way of slip-
ping into this set one object that the pupils
have never seen, so.far as I know . their
studies. The replies to this silent ques-
tioner frequently enable me to determine
who are the best observers and most origi-
nal thinkers, and very often point out clearly
the difference between them and those who
are merely the best students.

‘Whether this system is the best that can
be devised or has only some praiseworthy
feature, or is in reality but a poor substi-
tute for a good one, I shall not pretend to
decide. There are numbers of scientific
teachers of great experience and learning
present who have heard my arguments and
must be our judges, but I think they will all
indulgently agree that the teachers who have
adopted and elaborated this method have
‘tried to come as near to the ideals of objec-
tive work as the adverse circumstances of
large classes and limited time would per-
mit. ArprEUS HYATT.

BosToN,

ORIGINAL RESEARCH AND CREATIVE AU-

THORSHIP THE ESSENCE OF UNIVERSITY

\ TEACHING.*

TrAT which is most characteristic of the
present epoch in the history of man is un-
doubtedly the vast and beneficent growth
of science. In things apart from science,
other races at times long past may be
compared to the most civilized people of
‘to-day.
© The lyric poetry of Sappho has never
been equalled. The epic flavor of Homer,
even after translation, comes down to us
unsurpassed through the ages. Dante, the
voice of six silent centuries, may wait six
centuries more before his mediseval miracle
of song finds its peer.
 *Inaugural Address by the President of the Texas

"Academy of Science, Dr. George Bruce Halsted, Octo-
“ber 12, 1894.
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The Apollo Belvidere, the Venus of Milo,
the Laocodn are the glory of antique, the
despair of modern sculpture. To mention
oratory to a schoolboy is to recall Demos-
thenes and Cicero, even if he has never
pictured Ceesar, that greatest. of the sons of
men, quelling the mutinous soldiery by his
first word, or with outstretched arm, in
Egypt’s palace window, holding enthralled
his raging enemies, gaining precious mo-
ments, #me, the only thing he needed to
enable him to crush them under his domi-
nant intellect.

There is no need for multiplying exam-
ples. The one thing that gives the pres-
ent generation its predominance is science.
The foremost factor in modern life is science.
All criticisms of the scope of life, of the es-
sence of education, made before science had
taken its present place, or attempting to
ignore its prominence, are obsolete, as are
of . necessity any systems of education
founded on pre-scientific or anti-scientific
conceptions.

Unfortunately there are still some people
so dull, so envious, so unscientifiic, so stu-
pid as to maintain that the highest aim of
a university should be the training of young
men and young women, where they use the
word ‘training’ in its repressive, inhibi-
tive sense. The most profound discoveries
of modern science unite in replacing this
old ‘training’ idea of education by one
immeasurably higher, finer, nobler. We
now know that the paramount aim of
teaching at every stage, and preéminently
of the final stage, at the university, should
be to help the developing mind, the develop-
ing character, the developing personality.
Judicious, delicate, sympathetic help is now
the watchword. Even horses and dogs
worth owning are no longer ¢ broken;’ they
are ‘ gentled.’

‘What has brought about this glorious

‘change ? Science, the greatest achievement

of human life, the one thing that puts to-



