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AnSTRACL.-— A completely new ap-
proach to the teuching of chemistry has
heen developed over a period of eleven
yeurs at the Lake Villa |Tllinois] Con-
solidated Grade School. As a vesult, it
can he said that chemistry ean be as
effectively taught in the grade school ag
any otlier subject,

Chemistry is a subjeet that can be
effectively taught in the grade school.
This conclusion is based upon a pro-
gram of research now entering its
twelfth year at the lake Villa [INi-
nois] Consolidated Grade School, Ag
a result of this study, a sysiem of
gix-week units of instruetion in the
field of chemistry for the third
through the eighth grades, with a
final quantitative unit for students
showing exceptional ability and ap-
titude, has evolved. Expericnce with
units for the sixth, seventh, and
eighth grades has been reported
(Midgley, 1958). The present report
is concerned with the overall objee-
tives of this work and the technignes
we have used to achieve them.

OpiecTives oF (rank ScHooL
CHOEMISTRY

1.—To fill a serious deficiency in
the science curriculum. An inspec-
tion of the standard texthooks of
general sclence seleeted by individ-
unal teachers on a preferential basis
and used during the 1861-2 academic
vear at our school from ihe third
throngh the eighth gradoes shows that
of a total of approximately 1800
pages in these books, only 70 are de-
voted to purely chemical concopts, A
major part of the experimental den-

onstration of these concepts is noted
to be limited and repetitions from
grade to grade, for example, extin-
guishing fire with earbon dioxide.

L-—To feed, nourish, and guide
the natural curiosity most children
huve in matter and its changes. To
the young, inquiring mind, the many
kinds of matter and the thousands of
possible changes they can underge,
that is 10 suy the subject of ehemis-
try, shonld be at least as interesting
and important as any other scientific
subject. Even without formal train-
ing, many children acquire an inter-
est in chemistry which becomes most
intense when they are ten to twolve
vears old, A formal conrse before
a student reaches this age level may
prevent the studont from attempting
dangerous experiments with commer-
cially available sets.

3—To psychologically prepare o
studeni for fulure study of chemis-
try.  The young mind is receptive to
new concepts. A gourse at the grade
school Tevel ereates a familiarity with
the concepts ol chemistry  which
should malke the subject more appeal-
ing in high school ov college, As a
consequence, the number of selence-
oriented eitizens, as well as seientifi-
eally trained workers, would he in-
ereased.

Prpagodical, CRITIQUE

A completely new approach to the
subject of chemistry has been devel-
oped for presentation in the elemen-
tary grades. We are of the opinion
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Chemistry

that the systems developed for sec-
ondary and collegiate levels made
the sabject urmecessarily diffleult
and completely unsuited to grade
sehool instruetion. A résumd of the
«hief obstacles which we have avoid-
ed follows.

1-—Excessive emphasis wpon [heo-
rof without first eslublishing facts. In
our ¢urriculum, the faets of chemis-
iry are first qualitatively given,
Theoretical and quantitative aspects
are then sesondarily introdneed
when, and only when, they can ef-
fectively serve to explain or add o
the facts thug established.

2.~ Pure memorization of concepts
without any real understunding, Tn
our conrse we have tried to unfold
the study in a natoral manner, intro-
ducing 1o new coneept without the
student being ready to understand
it by what has already been learned
in the course., The type of technigue
which 15 avoided, for example, Is
that of presenting the standard prep-
aralion of oxygen from potassium
¢hlovete without any prior mention
of the halogen compound. If a stu-
dent’s enrlosity is aroused, it ay
be thwarted, for some elementary
texthooks make no further reference
to the starting compound.

S—Chemistry oy an abslraclion.
The immature wind is not prepared
to ubsorb concepts in the ahstract and
should the subjeet be thus preseuted,
the student may obtain the unpres-
zion that chemiviry is a subjeet of
sgigns and symbols alonce with no
relation to real wmatler. Tn This
conrse cvery atiempi has been made
to illustraie by actual cxperiment
each and every prineiple taught. In
order to do this, rapid procedures,
uging primarily mierotechnigues to

aE

Fdwertion 3
illustrate a point, were worked out.,
A simple apparatus was also de-
signed to guickly illustrate all of the
gag laws and to serve as well as a
barometor or a gas chermometer.

4. Complex orgunization wilh
subtle enterdependence. The stand-
ard texthooks for ithe presentation
of chemistry at a secondary or col-
legiate level present a format with
no obvipus order or connection be-
tween the units to one untrained in
the field of chewmistry. We reasonad
that, if grade schocl ehildren are to
be taught chemistry by grade school
teacliers, there must be a simpler
organization of the material,

The Curctenbum

The complete outline of onr cur-
riculum s egiven in Table 1. The
detaifs of the work for grades 6
through & iy given since it has bhean
found bepeficial to modify the origi-
nal presentation 1 Midgley, 1958).
The subdivisions of the quantitative
unit are given separately in Table 2.
‘While Unit 1 is tha correet prelude
for an integrated elementary course
in chemistry, the rvemaining units
eould be presented wilhout it, pro-
viding one avoids the obhstacles previ-
ously mentioned. Even (Init 5, it
necessary. could be presented with
little  reference to the preceding
units. Bueh independence is impor-
tant in the grade school, where in-
struction is necessarily plecomeal, as
comtrasted with the continuity of a
subject taught in high sehool or
aollege,

I.—Unut 1. Writing a textbook of
any kind for the lowest grades re-
guires a different language and fech-
uigue than wontld be used for the



36 Transoctions Tlinots Academy of Scienee

Tapck L-—Grade School Cutrriculum Qutline,

it 1.

Muatter in Qeneral (3rd, 4ih, and 5th Grades)
Maller, the subject of chemistry

. Kinelic Molecular Theory of matter

Natnre of pure maiter
Mixtures of matter

Separations of mixtures of matter

IT. it 2.

C
E
A, "Stodent’s Perieodic Tahble”
B

Y
Al
B. Changes in matier, physicai and chemical
D
F
L.'

Elements-Building Blocks of Moaiter (6th Grade)

: Classification of the elements and their propertics

1. Melals
2, Nonmeials
3. Hydrogen

C. Direct meang of identification of the elements

1. Color of solutiong

2. Color of flames

3. Bead tests

4, Spectroscopic Analyais

D. Theory of the structure of the atoms of the elements

ITL. Dmit 3. Compownds-Chemicgl Combingtions of Elements

A, Clagsification of compounds
R. Formation of compounds
., Properties of compounds

(Tth Grade)

D. Theory of the formation of compounds

V. Onit 4.
A, Ilvdrogen and iis compounds

Families of Elements and Their Compounds

(8th CGrade)

B. Mctal familieg and their compounds
. “Counzing” and their compounds (Group VI metals)
D. Nonimetal families and their ecompounds

H. Organic Compounds

Y. Unit 5.

bigher grades. The material must be
related to the experience of the pu-
pil. Whils the overall oufline as
given serves the purpose of defining
the subjecis to be covered, the Jan-
guage and method of presenting that
material must neeessarily be suited
to the age group being instrueted.
1t has been found that words, how-
ever difficult they may seem to
crownups, are not in the least dis-
turbing to the yvoungsier of any age,
providing he has the meaning given
fo him first. If thiz meaning of a
concept is provided in terms with
which he is familiar and ean under
stand, and then related to some com-
jaon experience of his, a lahel that
will be casily remembered can then

Guantitative Weasurement of Matier

be attached to the mcaning. Thus,
in thig unit, sueh concepts as the
meaning of chemistry, the properties
of matrer, the differcnce hetween
law and theory, ete., are taught with
a great deal of suceess. Some of the
subjects, which at first thought ap-
peer to be too difficult for the third
grade, eveked the most spirited dis-
cussion in the first trial nse of this
mraterial.

2.-—Unifs 2-4. Several tmportant
changes have hecn made in the origi-
nal order ol presentation (Midgley,
1958). The theory of the structure
of matter has been taken from the
Tast of these units and placed in
Unit. 2 as the final lesson. It was
independently diseovered by several
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TABLE 2—Quantitative Unit Outline.

1. Methods uf Counting ond Kecording Units of Matter

A,
1.

C.

Numberinyg gystems
Recording of numbers

1. Decimal system

2, Bignificant digits
Manipalating of numbers
1. Legarithing

2. 8lide rule

T1. Mepswrement of Maller Generally

A,

B.

Dimensions of matter

1. Bize

2. Weixht

Dengity of matter

1. Solids and liguids

2. Guses

Metric units used in the measurement of matter
1. Tnits of length

2. Unils of volume

3, TUniis of weight

4. Energy units nscd in the measurement of matter

111, Measurement of Pure Substances-Formules

A,
B.
.
D.
E.
.

Subscripls and coetficients

Atomie weight and gram atomic weight

womula or molecular weight and gram formula or gram molecular weight
Formnla fractions and percentage composilion

Simplest formula from percentage composition

Avogadro’s Number

Iv. .‘Lfeasmr“nw.?f nf Gases

B.
C.
I
E.
.
G.

Avogaildro’s Law

Bovle's Law

Charles” Law

Dialton’s Law

Guy Lussac’'s Law

Density of Gases

Winetic, theory of guses and Grabam’s Law of diffusion

V. Megsurement of Moleculur Solutions

A

13,

43

n.
H.
e F.

Molar solutions

Molal solutions

Percenr golutions

Dengity of sclutions

Percent compared to density
Liilate from concentrated solutions

teachers that this theory could be  the quantitative wnit has proved
easily tanght, with considerable in-  particularly pleasing, Members for
terest, onee the student had an un-  this class were selected from the 7th
derstanding of the Deriodic Table and 8th grades on the basis of in.

a8 wiven

in Unit 2. The theors of terest shown in the other units and

the formation of compounds hag been  their superior standing in their re
added to Unit 3, and concepts related  speetive classes in mathewmaties. The
to nuelear energy have replaced the  elass was held afrer school and was
deleied lesson on the theory of the well allended thronghont the six-
structure of matter, week eourse.

S—Tnit 5. The initial trial of It may appear that we are cover
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ing some material that would ordi-
narily be too diffieult for a grade
school youngster. ITowever, we never
have prejudged what concepts the
youngsters will be ecapable of assimi-
lating. We have tried every coucept
ordinarily given freshman eollege
students and have then formoed the
unifs, finally, by including only
those concepts which were found
most teachable and useful, keeping
the preseribed objeetives constanily
in inind,

We were agreeably surprized by
the enthusiasm with which these ex-
ceptional students learned to use the
slide rule. This was facilituted part-
ly by waking use of a mechanieal
method of finding the decimal point
instead of attempting the mental
survey method eommonly -nsed by
older students in high school and
college. Though we taught them the
use of the G and T seales only, many

were not satisfied and wanted to
know about the use of the other
scales ag well.

As part of their conrse of instrue-
tion, the students of this class pre-
pared solutions of preseribed molar-
ity for wse in the next year’s classes.
Tt is our belief, becanse of the sne-
cess of this year’s trial, that we will
not need to be so strictly seleetive
in setting up future classes.
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