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While reading a textbook of chemistry, 1 came upon the statement, “nitric
acid acts upon copper” ... and 1 determined % see what this meant ...
Having located some nitric acid, . .. 1 had only to learn what the words “act ;
upon” meant ... In the intgrest of knowledge I was even willing to sacrifice
one of the few copper cents then inmy possession. I put one of them gn the
table; opened the bottle marked “nitric acid”; pouréd some of the liquid on
the copper; and prepared to make an observation. But what was this won-
derful thing which I beheld? The cent was already changed, and it was no
small change éither. A greeiish blue liquid foamed and fumed over the cent
and over the table. The air . .. became colored dark red . . . How should 1
stop this? I tried .%- by picking the centup and throwing it out the window
_..1learned another fact; nitric acid . . . acts upon fingers. The pain led to
another unpremeditated experimentf I drew my fingers across my trousers
and discovered nitric acid acts upon trousers ... That was the most im-
pressive experiment ... 1 have ever performed. 1 tell of it even now with
interest. It was a revelation to me. Plainly the only way to learn about such
remarkable kinds of action is to see the results, to experiment, to work in
a laboratory. : ’

.

. Ira Remsen (1846-1927)
Distinguished American Chemist
Presiglem, johns Hopkins University ~

¢

.

3 . ‘ - [
When we shall be able to employ in scientific education, not gnly the tpaiﬁed ‘

attention of the student, and his familiarity with symbols, but the keenness

of his eye, the quickness of his ear, the delicaty of his touch, and the-
adroitness of his fingers, we shall not only interest : . . people who arenot -
fond of cold abstractions, but,-by opening at once all the gateways of
knowledge, we shall.ensure the association of the dogtrines of science with
those elementary sensations which ferm the obscure background of all our,
conscious thoughts, and which 1 rvividness and relief to ideas, which,
when presented as mere abstract terms,.are apt to fad® entirely. from the
memory. ' 4

James Clerk Maxwell (1‘581-1879)

Distinguished British Mathematical
Physicist; developer of modern
/:}ectromagnelic theory and kinetic
; molecular theory

v

¢ - * ’

4 .
The principaj goal of education is to create men and women who are capable
of doing things, not simply of repeating what other generations have
done .. :%)(’) are discoverers. We need pupils who are active, who learn
early to find out by themselves, partly by their own spontaneous activity and
partly through the materials we set up for them.

- Jean Piaget (1896- }
ntemporary Syviss
Educational Psychologist- -
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[ . - 7
A comprehension of chemistry 18 necessary for a full urnderstanding of

numerous areas of public concern. .

The secondary school chemistry teacher play; a pivofll role in the public’s
-understanding of chemistry, transcending that of any other agent orgroup.* - .
For most citizens, high school chemistry s the first and only opportunity for

Vs

systematic expqgure to the science

Consequently, the teaching of chemistry to secondary school students is an
.awesome respansibility. Nof only must the teacher be preficient in the art
*and science of teaching, but he or she must alsopossess the knowledge and

ability to communicate selected details of chemistry with both simphicity

and accuracy-. Further, given the natére of the task, the teacher must strive

"assiduously to keep up-to-date with the developments of chemistry itself

and with the means of teaching them to the students., .,

Many organizations and individuals are involved in the improvement of
secondary school chemistry teaching. These guidelines are intended to
assist them in (for example) the préparation of teachers, publication of
texts, sponsorship of workshops, summer conferences and institutes, and in
the-continuing education of teachers. In this spirf,

(] . ¢ .

these Guidelines emphasize: ' . )

« the importance of appropriate pre-service preparation Tor secondary
school teachers of chemistry ) ‘ '

« the necessity of continuing education for secondary school chemistry
teachers %

« the role of laboratory-centered programs in secondary school '
chemistry instruction : tos ‘

o the instructional and curricular implications of such program$inthe .
preparation of secondary school chemistry teachers -

-

and the responsibilitits of

secondary school chemistry teachers

teachers of secondary school chemistry teachers .
local, state, and national agencies, organizations, ancyndividua]s
chemical and other industries .

'
R .

in their mutual concern for the quality of instruction in chemistry in th
secondary schools. '

€




L] . ’ ' ‘.‘ '
< | . ] L ) SN .
- 1
+ * - S ') ; LN
s - . .
| . - . Lot
~ 4 . -\
. . - Yy .
P . . [ Fal
. . N ..
- ; / e - ” . >
The Laboratory
. . , i « . L : ' N
- / Laberatory work is an md‘ispensable part of chemistry mstructlon In the
- hands of a good teacher it isin itself an excellent vehlcle for mstrugxon , . .
‘ * : . . s . . - >
- . « It givesan insight imto authentlc science. :

. -

o I lsmtellectually exacting. It réquires careful
attention to planning, execution, and . . . p

observation. It demands 1nterpretat10n and = . .\ j
" abstraction. )
. : !
« Most students enjoy it. It couples cognitive ' / ;o
activities with *‘hands-on,” action-oriented, - .
T . concrete operational activities. It is a ‘
. stimulating change from lectures and other g
) forms of instruction. . . A
. . - L ]
. - i : « It is interdisciplinary. It sharpens students’ - * * oo
. © skills in: » =
, . T Reading and writing; '
) ' Applying mathematics to real problem., ,
' Classifying, measurmg\mterplatmg, '
extrapolating, drawing inferences, framing «
L]
~ hypotheses, and building mathematical, :
verbal, and physical models. o o
i} * * hd P
: « It helps students to develdp manual dexterity, . ) .
’ . . patience, depeirdability, and a spirit of ' .
cooperation. ' .
. : - L
. . « It helps o enhance and strengthen student- Cw . "
' S student and student-teacher interpersonal ) L
. ’ . refations. . . ’
. " ® - ‘ : : v .
’ B A learning laboratory isa busy laboratory. Aﬁth h it is time-consuming -
I - for students, and ymentally, emotionally, and ph{fsicglly taxing for teachers, ? |
’ ' laboratory work is 1pdlspensable——1f the spirit of science is to be gonveyed
to the, younger generation and if they are to develop the capacity for . :
. ) mdependent learning . . .- ’ .
N . Cx ] .
&
& , : . .
- " o > 4 e A
. . A .. -
t . . ' ' * L
* K * k) s . - " ’ ’ ~
This is the lesson of the-laboratory method, and the lesson which all edu- . " .
cation has to learn: The laboratory is a discovery of the conditions under
: which labor may. become mtellegtual}y fruitfal and not mefely externally
productive. . N . N _ SR
5 e - John Dewey (1059-1952) . ' .
. ‘ \, . ‘ ¢ - Educator and philosopher

r . - .
Full Tt Provided by ERIC. -
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To manage a chemistry program which has a jaboratory emphasis with confidence, enthusiasm,
. . _efficiency, and safety, to be able to pose and to answer questions, and to acquire a base for -
: ¢ontmued professional growth, 1t is recommended,that a prospective secondary school chemistry
» , teacher should have at least the formal college-level-academic prepatation outlined below. «°

N .
.
. .
. »
’ N . - . -
. .

. .t .

I ' . " '
In addition to the science and professional requirements listed above, the prospective teachgs is |
. . expected to complete the normalcowsse requirements in the humanities and social sciences, plus . |
. appropriate courses in mathematics which are go- and pre-requisite to chemistry apd other / .

N science-courses ' . ¢ ) ’ \ ; A

¥ .
] . .
. 4 » .

Inclusion of interdisciphinary curricula in"teacher preparation programs s encouraged

. * Semester hours are cited because théy are the major medium of academic exchagge The . '
acquisition of chemical knowledge and professional teaching skills ity recognized means other
> than formal courses is npt extluded . : ) * et

O ‘ , ., ’ ] . . o .
‘EMC N - + ) i [ .

* .
PR . C : .
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1 Al teachers are urged t§ continue their professional development; other persons and '

agencies, who. by their assignments and function, are also responsible for continued ~ *

improvement in the delivery of instruction, are urged to assist in providing continuing education

opportunities for secondary school chemistry teachers -

. . [ )
1] - v \ .
.-

.

- - -
.

2, Chémistr‘@' teachers who do not have the recommended pre-service credentials as part of their
training should seek opportunities to continue their education to achieve these credentials as
soon as possible . . -

- -
.

.
.

3 Because of the rapid increase in chemical knowledge and its application. 1t is necessary that

even those teachers who meet the pre-service requuirements outlined 1n this document pursue
further education ' '

¢

[ . i
[ - v N

~ 4 Specific recommendations which apply both to teachers who do and who do not initially meet
the pre-service requirements are given bhelow - ) _ ‘

» .

23
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» Chemistryl teachers’

. primarily in chemistry and edugation |
'« State and reglonal education officials

« Local school boards, superintendents,
principals, science supervisors,
, - curriculum specialists, department,
- B heads »

Recommendations‘}p the Teachgr

Peachers should  ~ -
1 Recogmze that growth in teaching is an
¢ on-going endeavor .They should avail -+
themselves of opportunities for growth.
especially in interdisciplinary areas suea
as environmental chemistry,
, biochemistry, earth science. chemical
" instrumentation, and cdreer/vocational ,

' education They should participate in

. appropriate college cogrses, ACS and
other short courses, seJ{-study programs.

) . in-service programs, professional
meetings, and inter-class and inter-school
visits with science teacher colleagues
Other opportunities for professional
service and growth include cooperation

) in providing field opportunities for
chemistry teachers-in:training, summer
- employment 1n the chemical industry.

. ' developing and testing new laboratory

experiments, designing and participating

’ 1n chemical research projects. remedial

work with to‘!zlege chemistry students

Keeb abreast of current developments in -
chemistry w1th‘§)er10d1cals and journals

1 find chemistry much
easier to understand when
it is related to everyday
things or explained using
examples of common items
we all see and work with™!

such as:!!

~

| *
’ \
. : t Chemustry” \
" *CHEM 13 NEW
t Journal of Chemiagl Education
Chemical & Enginéering News <
CHEMTEEH '
. 4 Environment
. O Science® . -
+ *The Science Teacher
Science News
Journal of College;Science Teachin

5

-

1t Especially stitable
™Fhese, and other comments 1n the margins.
secondary schaol chemistry students
1 See appendix for addresses and other.details

Aruitoxt provided by Eic:

' . C , . . .
'Regommendations to Agencies and Individuals

In the following sections, actionts to implement and supépn pre-seryce and continuing
education programs in chemistry are specified for:. o o .

. « College and university teachers, L

. ¥ » ' -

.+ State and local groups, such as science
academies, parent-teacher-student
associations, ACS local sections, e
industries, museums _ ° v

" ACS and other national scientific.‘
organizations and ft&]ding agencies

Professiona! teachgr crganizations

)

\ . - .

Scientific American . .
' The Atherican Biology Teache
The Physics Teacher ] .

Employ self assessmerit gastruments (such
as those published by the National .
Science Teachers Association) and plan
specific programs for continued
.professional growth ! : ,

Investigate alternative tgaching strategie
and programs: They should examine, for
example, information on new tedching
prograph and formats available in
exhibitions at national and local .
education and sciente meetings, as well

as in relevant journals. )

. Work directty with school librarians to
maintain a well-organized, current
chemistry library with a complement of.
films and mujti-media materfals as well
as periodicaldand journals. all to
supplement the student’s textual ,
materials and to provide an adequate
reference library for the science faculty.
[See “Selected Titles in Chemistry,” 4th
ed . (1976), American Chemical Society, -

+“Science Books and Films,” (published
quarterly) American Association for the

_ Advancement bf Science; "The AAAS

- Science Book List,” (published at '
-intervals) ] .
"6 Interact with mathematics, English, and .
social studies teachers as well as ‘

. associated science faculty in Curriculum

development and innovation

7 Submft comments, lettérs, or articles on
teaching strategies and ideas to S

/

-,

*

1Y

]

)

-~ )
are, except where méted, taken from letters to the Wating Commatteg from



- * . ~ t v
o ’ ~
1

5 newsletters such as Chem 13 News and
other professional publications such as
"The ScieAce Teacher and the Iournal of
* ' Chemical Education

§ Take students to local science meetings.

* 9. Interact with nearby coligge or uni ’?ity
faculty members and with chemistrs%
local industries, hospitals, museums,
police departments, and government

‘. .~ agencies to exchange viewpoints and-to
arrange personal or class visits to their
laboratories. (Often, this can be arranged
through a local ACS section )

10 Become a member of at least one
national scientific-educational
association and participate in the
activities of that group. -

11 PartlclpaLe in,community programs that
involve chemistry (e. 31 pollution, energy *
: crisis, scouting, gerra cs, drug use and
abuse, etc.).

12 Make kndwn.to admmlstrators
suggestions regarding facilities which
, are needed for effectiveteaching

"13 Make known to colleges and
universities of their choice the type of
courses they need for contmumg
education

14 Relate the above attions to the teaching
program, set personal goals for the
achievement of some of the foregoing .
and review these annually in
consultation with }mmedlate
supervisors

- 1]

Recommendatipns to. College and -
University Facultles

Although this section is addressed to faculties
of educational institutions in general, 1t is
ordinarily the chemistry and,the science?
education faculties that are specifically
charged with the education of ehemistry
teachers, Clearly, fér this charge to be carried
out effectively, the faculties of these .
departments must cooperate in the . ~---
development and in the conduct of both new
.". and existing educational programs Neither ,
group should view any of the f8llowing
recommgndations as applying solely to the
other, dé intent is to encourage coaperative
planning and the assumption of joint
responsibility. *

. '

-

vy

For Pre-Service Education .

1 Prowde methods courses for chemistry
teachers which include an emphasrs on
; laboratory. .

a. Emphasrze actual har;ds on laboratory
% experiences.

b. Simulate high school* prelaT) lab-
postlab” periods based on ekperiments
drawn from different laboratory-
eentered programs, with role-playing
by participants.

¢ Consult with and emp]‘oy Practicing
. secondary school chemistry teachers as
. observers or as part of instructional
teams in order to keep methods courses
in close touch with classroom realities
"and needs. .
*d Discuss and demonstrate
o How to teach laboratory skills
» How to locate and to develop
experiments suitable for short
“Taboratory pertods.*
« Laboratory management,
particularly
fety, including the safe use of
chemicals
strategies for teaching:
laboratory logistics
, ordering materials
" waste disposal. . 4

2 Evaluate the presentation of chemistry in
college-university lectures, laboratories,
and in resource room learning center
New teachers often tend to teach in t
“'styles by which they were taught, and
steps should be tdken fo improve the
techniques and the image simce thesé are
likely to be imitated by the new teacher. -

3. Include irf teacher preparation programs
early and continued student exposure to
dctual classroom teaching experiences.
Structured observations of both j junior and
senior high 'schoel science classes in a

“A good chemistry teacher
is ope who makes his class.
interesting; performs
demonstrations to iliustrate
what he teaches and one *
who understands -
studentd.” V¥

'

*,

“] feel the most important
aspext of a teacher’s

. kndwledge is his ability to

field questions from baffled

students'and answer these
* giiestions in a symple and

understanding ;; g

-

t

variety of settings (urban, rural, suburban} "’

should be an early part (in the freshman
year when possible) of each pre-service *
chemistry teacher’s program For early,

low-risk teaching experiences, prospective,

teachers sMowmld be considered for
involvement in the tutoring of individual
high school students. A growing career -
commitment to teaching, or a considered
decision not to enter the teaching field,
can thus be identified relatively early in
each ﬁu%ent s undergraduate program

e

A
* Such as some of those 1n the Lab Bench section of Chemustry. or 1n selections therefrom in the manual “Lab Benc¢h Ex-
. periments in Chertustry,” American Chemical Soctety, 1155 16th St, N W, Washington, D C 20036, and 1n Alyea, H N

and F B Dutton, Tested Demonstrations in Chemistry. 6th ed . Journal of Chemical qucauon Publication Office, 238 Kent'

Road. Springfield, PA 19064

JERIC
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“Beforé chemistry teachers

. begin their practice, they
should spend a great d€al
of time with all students in
general, in order to achieve
a type of communication -

- and friendly relationship

»’

i

A

“I think that teachers
should be requested to take
a refresher Gourse on all
new iriformation. They

ve
.

v 4 ¢

-Such activities also build an important .
feeling of professionalism and
camaraderie among prospective science -
teachers, and ptovide a motivational base
for subsequent professional training
courses. ' !

rovide additional teaching experiences ¢
for the pre-service teacher through
activities such as peer teaching and
-counseling (senior teaching majars with
first year education students, for example),
mternsyrps assisting or tutoring in he
university's introductory chemistry
courses, as well as the conventional
supervised student teaghing Expanding
the pre-service teacher’s opportunities for
a range of teaching experiences implies
that téaching is an excellent [perhaps the
best) way to learn. hence, such activities
are.w orth\ of academic credit towards the
totals recommended earlier in these
guidelines. - - .

)

Include 1n the chemistry Eontent program
for teachers some independent study
experiences to-impart the flavor of

. scientific investigation in a realistic way

7

should know what they are *

" talking about.” ..
.

|

(e g , de-bugging lecture demonstrations,
de-bugging laboratory experiments frém
high school courses orintroductoery
courses atother levels, develdping-and
testing new expe'riments} e

Hlustrate by example that a i arfety of .
teaching strategies and techniques can he
effective 1n helpmgstudents tolearn

vche;mstr\

L 3
[N

Y . ’ . -’
N ll

Assess practicing teacher needs with the
assistance and cooperation of teachers.
supervisors, principals, and professional,
groups; locate talent to meet the needs

(e g . from expecignced teachers, college
staff, professionals from the community).

1e . design flexible course schedulesand

t 4

R 4
9.

‘

b Sponsor on-campus professional days
for chemistry teacher&and supervrsors
to discuss common ¢pncerns and
problems, and to faghiliarize them with
"Tesources,¥ibrary ficilities, and other
materials and exper available.for
their continued use.

Offer broadly-based graduate degree
programs i chemistry or chemical
education for high school teachers. These"
graduate students need, and can use for
their own students, courses in areas such
as geochemistry, information retrieval,

-biochemistryyoceanography, forensic

-

.

4
malerials to meet in-service teachgr needs |

Courses in current science/chemistry.
concerns (energy, environment, drugs.

etc ) which emphasize utiljzation of
available techniques applied to the.  «
solution of socieial problems. apd the
presentation of these to young students
using a laboratory-centered approach, will

“serve'as examples herd

Share college and unwersity facultyand™

facilities with area secondary school
chemustry teacherg

a.. Arrange speclal evening sessions for
secondary school teachers when
seminar speakers. consultants, and
other visiting scientists and educators
are on campts

\

1y

chemistry, the history of chemistry, and a
capstone course that suTveys high'school
chemistry from an,advanced standpoint-
and whrch,mcludes problem solving.

- +

Recommendations to Stateand.
Regiona] Education Officials *

1.

*3

Organize w
laboratory pr
faculties from high schools and colleges.
Possible topics could include’ introgduction
to newxurricula, development of  °
instructional materialf, updating in
chemistry -

shops and summer

Spbeisor a state-level science educatign -
development.center to pravide resources
and services, as well as a plac® where
teachers may see examples ol innovative »
developments and where they can
participate cooperatively in educatronal-
planning

Establish a source of funds-used for
implementing teacher efforts and
opportunities to.#mprove their courses and
to cfeve]op professronallv

4. Distribute copies of these gurdelmes to

1

teachers They may be obtained from the -
Departmen? of Educatlonal Activities,
American Chemical Society, 1155 16th _
Street, N.W, Washington; D.C. 20036 -

Assume lead_ersh’rp in the confinuous -
evaluation of policies that reflect reasoped

acceptance-or modification of the
objectives of these and similar guidelines

[}

»Rm.ommondatiogm I,or,;rl Ofticials

Facilitate laboratory-centered instruction
a Respond to the teachers’ identified *
needs for expendable supplies and

oqurpment maintenance.
‘b Determine maximum class sizes whrch
are consistent with safety and which
. are suitable for laboratory-oricnted o
+ learning ‘. :

rams that bring.together = .

x4
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c .'Prov"ide'{)re ygration ime for the special ‘: activities Bf Acienée teachebgroups * ‘ I
“demands of Whoratory -centéered b dcademle af science, and Sther - T .
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d’ Utilize para)professionals tQassxst In 7" 4 *Ijnsurplhat copies of these guxdelu@s are . -
«  the 1mplementdt‘1on of laboratory- = . dtstrt.’p'uted to chem15t1'y teachers S
’ ~ Centered programs - - . -., . ot ,
’ Ir;_r?:zeigglr&e;(?}x]rocglfggngea(ﬁ:]ceem. SR ~Recbmmﬂndat10ns to Stdte and, Local . -
' K lxbra,rles should have subscriptiesnis {0 . ?gﬁnmesa()rgam?at;ons and . o Tae ¥ S
(Jhemlstn Jourpal of Ehemical 4. - "* n(ﬂlSU‘J o e tr o
K dUCUUOﬂ ¥he Science Teacher, and (ep'g. Amencan Chemical Socletv‘and Amerrﬁln Institute A blunt tool, grown dull
. “selected additional ]ourna}s suchas ' . of Chéists locad sections, state academies of science, from lorig disuse, i8 costly
Chemical and E ngineering News, The .. local industties, parent-teacher-student associations, _tgits owner.
American Hology Teacher, The , ~~‘museums) ) v T "+ " Ecclesiastes 10:10 »
Vo "Physics Teacher, Scientific American, 1 Arrange special topjc.semingrs on local or ’ .
Journal of College Science Teaching, national issies of currént inferest . Lot ;
and Science News,! for reference use " presented bS teaclyer- sfudent team‘s A
v by students and teachers Texts for . 2 Sponsor incentive awards forstydents and™” L ,
) reference use should be available to teachers, such as short course tuition fees, * * L
support the teacher 1n areas such as e mini-grants, boeks: : 7 ey,
" 1 1 ) - v * ) °
. ﬁi:ﬁ‘:g:};:rimz:\\lr%f;’:;{:?g;%?::scm 3. Provide financial support for local science e La
inalytical. and physical chem‘istrv teachers"(secondary school, two-year * ST
o R ¢ colleggacollege and university) meetings . - ,
2 Faciitafe the continuing education of . and %’kshops on topics addressed to the .
¢hemistry teacherd” o " feltgeds ofthe'partlmpants - . C
d [])’]e\elop plamfmth teachers, f(:jarl\ Ny Provide &cakers bureau services to . e,
their careers, for continuing education secondary school cl3€ses and.teacher o ’ s
and professional growfh, subject to rouDs- -
"+, annual review and modification THe sloup ~ . L
* NSTA publishes materials which-will 5 Dls{mb{“e surplus and experfdable N -
- prov ide some assistance irs such ' supplies and equipment from industries~ R
plannjng '’ : and other sources to secondary schools,- . .
" . b Arrange schedules to allow time for . and providefor thelr malntenance : . N
noviee teachers to work cooparatively * : . . "
with teachers expernenced in - Recommendations to National S ’ ..
. . laboratory-centered instruction and ta | - Orvamzrat_lons and Agenmes '

. attend approppiate smontlflc nd Concerned with C'hbmrcal Educanon .
educ‘m(mal meetmgs and mn epces -{suchqs AA/’(S ALS ABTS, AIC. MCA NAIEC, “f thin;t'l'lat‘when it comes
rhomlstn tmchers 1 Assnst teathers wnth the ]oglstlcs ofL i ::gh:’r‘:;"'l‘::"{l"he

ght to have a
. d Sponsor workshops that bring, logether . secondary school laboratory ] good background of
teachers from high schools, colloge . ranagemgnt: safe handh freagents material and'a good
chemistry departments. and schools of and waste disposal; prepare and pubhshJ . knowledge of just about”
education a “Laborato”rv Mgnagemeﬁtand Safety B  everything: ‘
e Provide sabbatical or shorter Handbook.” « . . : 5 - ;
. opportunity leaves, provide tuition 2 Help to meet. the continﬁing education Y
assistance. and otherwise support ) neegs of secondary schoot teachers, .
- financially the continuing education of develop and géliver teacher training: - .- ’
teachets L ‘projects and a¢tivities such as content- : "
) [ Recognize and reward tedchers for ortented workshops, and traditional, L
-+ achievement in meeting the multi-media. or other innovativc self- - . Lot
- . recommendation’s of these-guidelines study programs, with the cooperanon of " - T
'3 Support teacher partxcnpa%'mn 1n the : «academlc mstitutlons ) )
’ v " K ¢ -
» . ! / - s . ) . Y . . ) .
FSecappendiy for addresses 8 ' ’ b
ASer appendix frr details
" Amencan Association for the Advancement of Saence, Amernican Chemical Saciety! Aw;rmtmn fqr the Idu(’.mr)n of ‘ . ,
Teachers m Science Amencan-Tnstitute of Che ‘mists, Manufacturing Chemsts Association, National Association“for In-
» dustry-Education Cooperstion National Acronautics and Space Administration Natignal Catholie Educatidn Assogiatinn, «
National Institute of Education, Natibnal Science Foundation, Nationat Science Supervisors Association, Natmnal Science ' -
Teachers Association Hmtr(l Stafds ()fflu - of Edvication dnd nthers . . +

. - L]
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“Our teacherisaveryfine 3 Publish descriptions of expenments [(u chemistry teachers at nation#l, regional,
l::e anlli I :élie\ée he‘: shzuld demonstrdtlons) suitable ¥ 50 minute and local meetings andcpnferences
hisv:dtu:a‘lioa:?ﬁ ttt(:elfji‘:lder prelab lab-postlab’ periods. - 10 Provideé programs and funding for-
of chemistry. [ am very _ 4 Publish guidelines to aid in the effectrve. research directed toward the
:‘;‘;’r}"g:":},‘““ beneﬁ" » use of para-professionals'and student | * improvement of clitmistry teaching.
. —— ® {
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1

assistants in chemistry teaching.

5 _Organize a clearinghiouse to assisf and
encqurage industrial wummer or °*
sabbatical leave employment of
prospectrve and current Chéﬁustry e
teachers . .

‘6 Establish Chautauqua type short course =
programsfer secondar) school chemistry

teachers P

7. Maintain a roster of professronal
personnel, including retired teachers and
‘ chemlsts toserve as consultants,.
reviewers, and resourcé persons
8, Encourage the fvaluationof
performance-based teacher education-
Strateglts TN
9 Provide programs desrgned to meet the = .
needs and interests of secondqry school -

.-

Recommend'atmns to Professronal .
Teacher Orgamzatrons

(stichas AFTANAPE. NEA*) ¢

Obsolestence of teachers as professronals is
a gommon concern to both scientific and

profésslonal orgamzatlons The support of
profess! solicited in
ptorgoting thy rofessional
development rs.by: v

" « Supporting the' recommendations made
elsewhere mtlteSe .gurdelmes -

v

dards set in these and similar guidelines.

e Further implementation of centinuing
educatio programs for their members.
. .

‘r

‘ ' . Assrstmg their membhers to meet the stan,

. i/

“* Amenican Federation of "l"na(hvrs. National Assoctation of Professional Educators, National Education Asspaiation

10 ) . 13 ' A

.

\ o s Y C / -
[y x.;‘.‘ - L
v N .
) y ‘ v 9 .
v . -Other Issues _ . . ‘
- During the development of these guidelines the Writing Comnnittee, irr its .
concern for student learning, questioned but genérated no ) *
‘recommendatlons regarding the deslra)blllty of: - . - .
Teaching of secondary séhool chemistry as a preparation o,
. for college chemistry. vs. emphasizing the role of . .
. : chemistry as a part 6f the general education of students. . .
’ . . - ."
Criteria used to 1dent1fy excellence in teachmg of ° :ua';"
. chemistry—such as those based on teaching sophisticated
centent, as such, vs. teaching-the reIGmnshlps of . i
3 chemlstry to students’ present and future daily lives. L
.. < - ®
’ - Formal posmon papers as well as informal letters on these issues and Jther
— *  topics in these guidelines are welcome and should bg senttothe . .
Department of Educational Activities of the American Chemical Sogiety
- ’ e )
‘ L3N : N .
\ ' .
I pe N ) s
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T Histoi-y:)f these, Guidelines T

In 1971 the Educational Policy, Sub-Committee, of
the Council Committee on Chemical Education, a
standing committee of the Council of the
Americanfhemical Society, was gharged to draw,
+up a set of recommendations which related to
*tional policy and to whichthe parent

mittee might be able to addregg itself with,

- some effect < .

The Educational Policy Sub-Committee
{composed of ?tanley Kirschner, Chairman, John

-« =" G. Bailar, Jr. @hd W T Lippincott) met in Chicago,
Hlinois, on June 10, 1971, and prepared a set of
secomrnendations for the consideration of the
Council €ommittee on Chemical Education
Recommendation number 4 of that report reads irt
part, as follows

LU

“The Educational Policy Sub-Com:mittee
recommends to the parent Council Committee .
on Chemica] Education that it study the
problem of assessing and influencing minimum
. standards in chemistry instruction at secondary
ahd juhior high schools throughout the United
States, In particular, it should study the *
minimum standards of edycation in chemistry:

The parent co(mmlttee. through 1ts Sub-Commuttée
on Pre-College education. gave attention to this

- question, and 1n 1974, the American Chemical
Society Cotincil Comrhittee on Chemical .
Education proposed to the Council and Bo#rd of
Direetors of the Society that a set of guidelines for
the preparation and continuing ediication of
secondary school chemistry teachers be prepared
and widely distributed The Counail and Board .

“ \

.
r

Performance (cm{petency) Based Teacher Education (PBTE)

. In PBTE, pre-service teachers are expected to
, demonstrate abulity to perform specific teaching-
"+, .related activities The performance goals to be
j achieved are specified in rigorous detail in
advance, and understood and accepted by the .
student. Ideally, the list of goals domprises all of
the critical skills and behaviors which a teacher
must possess i order to perform well as a teacher, ’
s witholit imposing time restricyons for their

'

achiev@ment
PBTE may be superior to tradittonal teacher
- education strategies. Mare likely. the two 1n .

contert may be particularly effective To the
extent that PBTE goals have heen formulated,
their use in teacher education merits evaluation

‘A complete set of performance goals for secondary

.
-

E
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approved and, in September 1974, the Board

, allocated funds to support the project In April
1975, the Comimittee on Chemical Education
appointed a task force $teering Committee i \ D

The Steering Cofﬂmi%ee convened in August 1975,

«—~Jrtting and Editorial Committees were 1dentified

and charged with preparing for reviéw a set of
guidelines that would be’ : : o -

» perceived as practical, .
specific without being restrictive;
¢ addressed to both pre- and in-service needs '

of teachers and to faculi:in both education

and chemristry, and .

* attentive to the coopera and assistance of* *
other groups who share responsibility for
improving secondary education in chemistry

In December 1975, the Writing Committee met in
Reston, Virginia It prepared a set of statements
from which the Editorial Committee wrote a
preliminary draft of these guidelines The draft -
.was reviewed b9 the Writing Committee in .

January 1976 . , ’

The resulting “first draft” was then reviewed by
representatives of varidus groups concerned, both ' v
directly and indirectly, with the teaching of
secondary school chemistr#—from secondary
school students to teachers of teachers apd
supervisors, as well as local school boards and the
teachers themselves Following these reviews and ) .
further modifications of the document through, )
additional'drafting stages. and after the necessary
internal approval procedures within the American X N
Chemical Society, these guidelines were first .
published in 1977 . | - . : ) )

A .

- APPENDIX II

» .

.

2

school chemistry teachers would include
descriptiofis of a variety of motor skills, concepts
and their application, and attitudes _Aya
minimum, these would pertain to eJucation,
chemistry dnd related sciences,.and mathematics,
with some reference to the humanitjes and social
sciences Clearly, a cooperativeeffort would be
necessary to explore adequately the possihle . -
formulation of a complete set ¢f such performance )
* goals .

. "I personally felt that not
only should the chemistry
teacher be taught well in-
chemistry, but should also
be instructed in human
psychology, teaching

.methods, etc.”

Since experience with PBTE strategy 1s limited at
the present time, these guidelines havespecified

. the criteria for pre-service teaclier preparation in
traditional terms, pending further developments
in the general acceptance and utilization of the
PBTE strategy

L)

4
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Publications ~ ' . :
(*1976 subscnpnon prices ar hsled) AR T
“(3 Selected.Penodlcals t]or Chemnstry Teachers and Science Departments s
L 3 - b
¢ The Americal Biology Teacher $15.00/year (with NABT .
. , " National Association of Biology Teachers % membership included) .
- 11250 Roger Bacon Drive - $18 00/year {or institutions. .
Reston, VA 22090 $7 00/yeat for student members
. ld
. Chemical and Engineering News - : Provided with ACS member-
. American Chemical Society N ship.'$15 00/year or
. 1155 16th Street, NW $32 00/3 years for none
Washington, DC 20036 . members. .
. '
-Chemistry $8 00/year: special group
American Chemical Soclety rates for 10 or more subscribets
1155 16th Street, N W X
Washington, DC 20036 , ’
’ CHEMTECH . $9,00/year for ACS members. e
' American Chemical Society = ! $18.00/year for nonmembers.
1155 16th Street, NW . $45 00/year for institutions, * '
Washington, DC 20036 libraries, companies; -
' ’ 4 $4.50/year’for students .
= CHEM 13 NEWS Optional cogtribution to .
- . Departmeént of Chemistry v _help defray postal costs
University of Waterloo welcomed
. Waterlog, Ontario N2L 3G1 . ¥ -
Environment’ $12 75/year for individuals,
,*Cifculation Departmeet . $17 50/year for institutions,
-P O Box 755 > ! $10 00/yeat for studénts
Bridgeton, MO 63044 . o

Journal of Chemical Education
. Circulayjon Service ‘

119 W 24th Street—Ath Floor

New York. NY 1

. . Journal of College Science Teaching
NationakScignce Teachers Association
1742 Connecticut Avenue, N W
. Washington, DC 20009

The Physics Teacher .
American Association of Physics Teachers

-

Graduate Physics Building : N

State University of New York
Stony Brook, NY 11794

Science
American Association for the «
. "Advancement of Science
1515 Massachusetts Ayentie, N W~
Washington, DC 20005

N A\
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$10.00/year, published by

+ ACS Diyigion of Chemical
Educa
$18 00/vear with college
mentbership in the National
Science Teachers Association,
$25 00/year for school¢ or libraries

Non-AAPT members, $18 00/year:
membership, including TPT
as an option, $22 @0/year.

$25 00/vear with individual ..

mémbership in AAAS, $18 00/year
.~ for students, subscriber rates, }

$50 00/year . ‘




ce News

bscription Department
West Center Street
rion, OH 43302 <

Science Teacher

tional Science Teachers Assomatlon
Connectitut Avenue, N.W
hington. DC 20008 Ce

entific American —~
bscription Manager
Madison Avenue
wYork. NY 10017 -

The NSTA Self-Assessment Materials*

rt Form. 2 copies (#471- -14680, $1 00 each|™

intreductory preface ( # 471-14682. $5 00).

[Arutex: providea by e [ .

.

4

310 0p/year, $1800/2 years
$25. 0/3 years

$18 D0/year withi 58
schgo] membership in the

Matiohal Science Teachers,
* Association; $25 00/year, , -

school or librarv -

$15, OO/yepr $27 00/” years,
$37 00/3 years -

uidelines for Self-Assessment of Secondary-School Science Programs 5
L. Our School’s Science Curriculum ( #471-14672, $1 00 each). '
IL. Our School's Science Teasher ( # 471-14674, $1 00 eath)

Il Science Student/Teacher Interactions in Our School (#471- -14676, $1 00 éach)

V' Facilities and Conditions for Science Teaching in Our School { #471-14678, $1 OO/each]

2

-

d SO 50 for handling and mailing Postage will be charged on bllled orders N
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Project Personnel

American Chemlcal Socxety (,ouncii Commntee on Chemxcal Education, Members 1975-1976

P

James J. Hazdra (Chairman)
Illinois Benedictine College

Hadrold T Baker .
- Lamar State College of Technologv,
' Tek

John A. Bee]
University of Northern Colorado

) Dohald ] Bettinger
Ohjo Northern University

Allan Cairncross ~
E.I du Pont de Nemours & Co . Del

Newman H. Giragosian
_ Delph: Marketing Servnces Inc. N y

o~

s

; > »

\ ; .

N
.

Sister Agnes Ann Green
Immaculate Heart Callege, Calif

Edward S. Hanrahan
Marshall University, W.Ya. ™

Edward H. House (1975) ‘}’
Mercer County. Commun;ty College,
NJ

Lester Kieft

Bucknell University, Pa

Stanley Kirschner (Chairman, 1975)
Wayne State University, Michigan

Albertine Krohn (1975) '
Uniyérsity of Toledo, Ohio

John J. Lucier
University of Dayton, Ohio

-
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Task Force to Develop Guidelines for the Preparation and Continuing

Education of Socondar\ School Teachers of Chemnstr\

- 2

Task Force Steering mittee

Stanley Kirschner, Chairman
Department of Chemistry
Wayne State University, Mich

Theodar Benfey

Department of Chemistry

Guildford College, Nosth Carolina -
. (Editor, Chemistry magazine)

Curtis Phonau

Vincennes Umversity Junior College.

Indiana

William Elliott .
Manager. Education Services
American Cyanawud Co. N |

Bernard Friedman, Past President
American Chemical Seciety
7321 South Shore Drive

*  Chicago, Il 60649,

Marjorie H. Gardner .
Departments of Chemistry and
Secondary Education
University of Maryland
&h\rgareg Henley
ennedy Higi*School
. Los Angeles, Cahf

14

Lloyd Johnson
United States Office of Educanon
Washington, D C*

’

" Edwin M, Larsen

Department of Chemistryt,
University of Wrsgonsin

. .4k T- Lippincott, Editor
rnal of Chemica] Education
I

niversity of Arizona

Arthur H. Livermore .
American Association for the
Advancement of, Sc1ence
Washington, D C

William L. Marshall .
Qak Ridge National Laboratory,
Tennessee 2

Kathryn P. Mcfluéh (
Amundsen High School. Ghicago
Richard J. Merrill

. Consultant in Secondary Curricula

My Diablo bnified School District,
Calif

Joseph S. Schmuckler
Scienc e Education and Chemustry
Temple University, Pa Y,

.

1

® Concordia CollegeyMinn c‘
[ 8]}\’1

-

'Kathryn P. McHugh
Amundsen High School, Chicago

Albert W. Meyer (1975)
Industrial Chemical Consultarit, N ]

Therald Moeller
Arizona State University

William A. Nevill .
Indiana University—Purdue |
University

Olaf A. Runquist
Hamlme Umversny Minn

Rlchard G. Werth

.

Leo Schubert -
Department of Chemistry .
American University R
ashington, D C

itor, Journal of College Sciencé

Kentucky State

Laurence Strong
Department of Chemis
Earlham College, Indian

Gardner W. Stacy

Department of Chemistry N\ .-
Washington Staté University s N\,
Staven N. Vamvakis |

Delsea Regional High«School, N | \\
Jay A. Young \
Individualized Smence—lnsttuchonaf \

System 7

Florida State Unwversity o,

N,




Task Force Writing Committee ' _
t Marjorie H. Gardner

+ Depattments of Chemistry and
Secondary Education

t Jay A. Youngf®Chairman
. Individualfzid §gience
Instructional System .

Florida State U . Gerald Sughtoue
. Florida State mversuy , University of Maryland * Nebraska 'Department of Education
Herbert Bassow t Henty Heikkinen LeeR. S i
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fHenry A. Bent™ - y University of Birmingham, Ala
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North Carolina State University - . tMargaretHenley ., ’ Frank X. Sutman
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. own University, R 1 , + Arthur M. Livermore Steven N. Vamvakis .
. l;@rd C. Clark Americhn Association for the Delsea Regional High School, N |
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Reviewers of Preliminary Drafts

As indicated 1n the historical account {Appendix
I} reviewers from within and without the fields of
chemistry and science education were invited to
criticize preliminary drafts of these Guidelines ~
That more thah 80 percent of ‘the more than one-
. hundred persons asked did réspond is both a
credit to their patience and an affiritation of the

. recognition such experts and authorities annbut
. : to the need fora Guldehnes documen;

c. . A pUbllC expressxon of gratitude and dppreciatig
to these persons is herewith tendered by tha
~ project personnel The errors of omission an

- commussion that still remain are to be'ttribute

‘ to the latter (not the former), even though if wa
- not possxble to 1pc ude all of the sugges}ions

Coordinators for Secondary School

Accreditation ,

Coynty Board of Educanon . -

- Deans of Graduatg Schools oy e

, Educational Associations ' .
* Industrial Chemists ‘

* ~ Ip-Service Students (preparing to hecome.

- % 'seachers pf Chpmistry] .

- National AsspCiations of’Secondan School
Executives ‘
Niational Education Commissions and COUncﬂs .
National Scientific Societies ’ .
Professional Teaghers Unions .

.

"4 received

-

" Professors of‘%emxstx .o

Professors of

ducati

Professor$ of hysics

(o}

¥

; . Professo
For the 1pformation of the read®rs and users of;

of Science Education

these Guidelines the categories bf rev1ewers are

_hsted below. .

#School Board Members ) .

Science Curriculum Project Directors

’ ‘. Science Supervisor Associations . ’
. . .~ .» Academic Program Coordinators Ak “Science.Supervisors ,
: - ACS Local Sections = * ¢ *Secdndary School Chem1§m Curmculum -
T Associations of Boards of’ Education [State and . Chairpérsons . - ©t

.

* Local) it

“a

~Assacxanan$of Sdence’fiducam:sn -

. Assocrations of Science Teachers

el e

»

Chemical Industry "Management Associayons i

.

* Secondary Schoo} Chemlstr\

"{eachers

Secondary Schoo] Prificipal Associahons .« - —— .~ - —

** Secondary School Principals

N

State*Boards of Education \

. X Chemusts employad in Governmem Service ‘- + State Departments of Education
‘ {Federal and State). State Science Supervisars
p ) College and University Accrgdmng Agencv . State Supervisars of Educatign
. - Assoc1ahons . . TeachQr Accredmng Orgamzanons v
- . . , hd . v - ’
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Special thanks and

s .

appremalmn are herewith ancnrdedlo Dr |ay*A Young. the f'ﬁ‘gxrmnn‘ of the Writing and Editonal .

" Commttees, for the extraordinary effort he has put ihto the formudation of these Guidehnes Any syccess they achieve 1n

helping ta improve secondaryschool instruction 1n chemstry 1n the U mted

States wll be duein large part to his wnrk
i N
Stanley Kirschner. Fhalrman

Steering Committee ACS Guidelines Project

-



" from or how it is validated, is a travesty/sof educatlon and a hideous, antagonmng o

- cost money. Why don’t you add a recommendation at least fo the schoel
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" The Final Word: ~ - , .
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Provocative Responses from Selécted Reviewers .

“l am afrald 1 see nothing in your pious, bland, inaffensive guidelines that is going
to shake.up the deep-seated-complacency and educanonal mcompetence that pervades .
the science education scene.” ' A

“I$ your group wﬂling to say that forcmg students in mtrodut:tory courses to memorize
the atomic orbital schemes,'without any idea of where such arcane gibberish comes

trauma for the students?”

“Laboratory—onented chemistry programs are going down the dram.presently, be: Ty
cause of drastic cutbagks in suppty and equipment allotments in science combined with - * .
double digit inflation. The sentence [in Recommendations o Local Offimals]nRespond ) '
to the teachers’ identified needs for expendable supplies and equipment maintenance.’
is not adequate to focus on what is the most important problem facing secondary school
smence teachers.” . . .

“Many (not all) of your recommendatlons are going to suffer because they singply” .
boards pointifig -
out that this is thefr responsibility: To inform the voting public, and plainly, that even Pt

\/?;ed.locre schools cost a lot of money these days, and that the needed money has to come
rom

* do not

"and professional eduegtors each have a lot to contribute. Each has a unique base of

* duce effective chemistry teacher preparatlon programs.” ’ .

the voters’ pogkets, or else.” . v ) .

“Your excellent suggestlons for impreving professio ndl educauon are not paralleled {
by equally strong statements on reforming college chemistry teaching. I personally -
think revising professional education will have much eﬂ'ect if \here isn’t a,sumlar
reform in college chemistry teaching.*

’

* Your document should hit chemists hard. Chemists must -assume more responsibﬂ!fy .
for recruiting and encouraging persons to become high school chemistry teachers, Your ¢
decument includes several ideas that, if adopted by a university, would eliminate some . .
of the prohlem; but you are too soft and leave too miuch to chance by not stating em-
phatically that more well trained chemistiy teachers are needed, arM the college
chemistry professors must tak@ore responsibility for their recruitment.” .

" “It has been my experience that there is little cooperatiqn between the chemistry .

and science education departments. The chem department looks down' its nose at

science ed. and the science ed. department is too busy doing mlckey mouse stuffto - o
bother about teaching practical methods.” .

We stifl say that: colleges should offer worthwhlle ceurses for teachers to update' .
théir knowledge, and that college science departments should work with eollege science
education'departments but,'as a matter of fact, they usuallydo not.”

“A cooperative effort is absolutely essential. Chemists, high school chemlstry teachers,

knowledge and experience which when molded togetlier by mutual respect will pro-




