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S, PROVIDED IS A COMFILATION OF FPAFERS AND REPORTS WHICH 1
WERE PRESENTED AT JOINT SESSIONS OF THE 1966 ANNUAL MEETINGS 4

> OF THE ASSOCIATION FOR THE EDUCATION OF TEACHERS IN SCIENCE
J (AETS) AND THE NATIONAL SCIENCE TEACHERS ASSOCIATION (NSTA).
THE PAPERS DISCUSS (1) THE ENTRY INTO THE SCIENCE TEACHING

_ PROFESSION, THE LEGAL VERSUS FROFESSIONAL CRITERIA FROM THE
3 STANSPOINT OF THE COLLEGE DEAN, THE STATE DEFARTMENT OF .
3 PUBLIC INSTRUCTION, THE SECONDARY SCIENCE EDUCATOR, AND THE 3
ELEMENTARY SCHOOL SCIENCE EDUCATOR, (2) RESEARCHABLE FROBLEMS . :
IN SCIENCE EDUCATION, RESEARCH DESIGN AND OPERATIONS, AND (3) ' 3
AUDIOTUTORIAL INSTRUCTION AS A VEHICLE FOR TEACHING SCIENCE. 3
THE REPORTS DEAL WITH (1) FR™PARING TEACHERS FOR THE JUNIOR
HIGH SCHOOL, THE TECHNICAL SCHOOL AND THE JUNIOR COLLEGE, AND : %
FOR TEACHING THE CULTURALLY DEPRIVED. (2) THE SCIENCE METHOES E
COURSE FOR SECONDARY SCHOOLS, AND (3) GUIDELINES FOR THE
DOCTORATE IN SCIENCE EDUCATION. (DS)
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LEGAL VS. PROFESSIONAL CRITERIA.

David S. Sarner .
Dean of Instruction, Keene State College
Keene, New Ha:pshire .
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The. Dean '8 Po:.nt of Vlew

For the pa.st 12 years I have been uealmg wa.th the problems of Entry Inteh
the Teaching Profession. As Director of Certification at Temple University, and v ;
now as Dean at Keene State College, the problems are generally the same - how*can:"
we in teacher education keep the standards up while the professionals. in the,
field cry for %eachers to fill the classrooms in their contmua.lly exmndmg -
echoole" ‘

- In. 1958 Jaok uym:.er and I did a’ etud:{( )wh:.ch took a look at the reqlu,re-&ﬁ Ex
ments throughout the United States.for certification in-mathematics and ac:.ence.
Ye tried 'to asdemtain what comprised adequate preparation for teachers:of thev.r
-; subjects and we dlso attempted 4o determine what it was that made this: prepara—
tion adequate. . .
> Having no set, accep'bed standard agamst which to compare, we were them re-
luctant to say how much is enough. (I am: pleased to note here that as a result
of -this study - the NASDEC Guidelines were:éventually conceived). The data in-wwi 1: :
the -study,however, secmed to indicate’ that certificdtion requirements for teachers 1
of : séieno¥throughount -the United States are not generally agreed upon and not 4
generally high. In other words, there seemed to'‘be considerable lack of" agreement ?
among“tlie‘atates upon what constitutes acoeptable minimal staéndards, although -
most states agree fairly well upon the amount of professional education req\ured
- for certification. : i

Most of the states are va.gué in settin‘g forth the speci’fic subjects wh:.oh a
prospec‘tive gscience teacher must ‘have before he can be certified to teach. Almost
withoud -exception no mention is made regarding the quality of this preparation. ::
That is, & prospect:.ve teacher ¢ould complete the number of hours requived for+ .- ]
his teachmg field iof science with minimal grades, for example, all "D's" as *lon&
as he'has maintainéd 'a grade point average satisfactory for graduation, an& still
be certiﬁed to teach in these ,;art:.cular subaect matter areas. =

»«"f) ."

It seema that many of the medequac:.es wh:.oh currently exist in varioua _atate ‘
; oert).ﬁoetion la.ws can and should be remedied by teacher education iust;tutiona. , 4
The various oolleges and universities can and must insist upon higher. than In:h;:l.x . 3
mal requirements in academic preparation. Obviously this is almadg bea.ng "done :
in-many pladés; all institutions ‘engaged in preparing science ‘teachérs’shoulds' E
consider -the -possibility of oarefully evaluat ng the:tr own 1natitut10nal prom ?
and m:lniumm requ:.rement. T : &

During the pa.et 8 or 10. years, thousande upon thousa.nd,a of sc:ence teachei‘é '
have. awa.i,ged themselves of the opportunltiee afforded them. through the programg_ .
supported by N.S.F, funds. Surely this reinforcement of the science background ‘ X
of a-large. number of teaqhers presents an opportunity to enable the various etates; o -
to sta .mgthen or raiee basic reqlurements for certif:.cation in the eoiencea. ) :

In recent yea.re the State of New Hatnpsh:.re has made &, atrong effort to :m- o .,
crease certification standards in the sciences. Although they have chariged the’ e
regulatione so that 30 semester hours are required in a major teaching area and e e
that a'minér teaching area requiree 12 semeeter hours, - they still allow LI SR

L
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o (2) Watson, Fletcher G., "Course Requirements for Future Scieuce Teachers,"

person with only 6 semester hours to teach in a subject. Ther¢fare, any college
graduate who satisfies the general education requirements for a baccalaureate

degree — 6 to 12 hours of science - can qualify to teach a science courgse in the
public schools of New Hampshire. :

-‘1 >

Obviously the training institution cannot fill in all the certification locp
holes. They must, therefore, rely upon the state certification agencies to main-
tain high standards. lost state certification officers are trying to hold the
line but what can they do when the hiring officials of the state's public schools:ui
clamor for teachers? Shall the superintendent close devn a class? Theoretically
we will answer, "Yes!' but practically we know he camnot do this. So, he -looks
around for- almost.sny warm body to "hold the fort" until he can find an adequately .
prepared teacher: i . : BT B

A training tfiftitution cdf 'and does insist upon .adegidte standards. But ift
does face some problems peculiar to the State. New HampsHire, for example, 'has',‘a:ii;j

large number of non-degree people who have been teaching for a number of yoars. ¢
Nothiag can be done to force these people back for a degree. ;;Fortunaizly, hundreds

of them have returmed for addi¥ional qourses leading.io ajdegree. - With these '3
teachers, it is poasible to require content courses which will bring the subject 2
matter knowledge up-to-date and build wp a. knowledgeable -goneentration. . o

There seeme, then to be a definite need for some sort of uniform minimal
code .of requirements for certification throughout. the .United States. Perhaps -the

" 4ime has. come to suggest support from a funding orgenization to.support. a series:.::

of meetings. betwgen, the certification officers of the.various. states and represen- -
tatives fromAsB#B.S. which would prove instrumental}.in.upgrading .the twent;ide,,-, 4 E
ficiencies.:-Quicof such a meeting might come arprogram :guch:as Hatison' “/suggeated::; 3
in:which full-y@ar courses in biology, chemisizy, mathemetics, -and physics total-. -
ing approximately 32.semester hours as a foundation program "for any prospective,.:: :
science igacher, irrespective of his special-interests" would be required. AS: o

Watson pointed out, the Steelman report made such recommendations as far back.as -4
1946, but 80 far these appear to have gone unheeded. y

L3
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+ Let us.then in A.E.T.S. continue in our. slow. progress toward the development: .-
of an acceptable prograr fou.the; training of science teachers at both the-elemens; s
tary and:secondary levela.: A. fey: regional sections -have-already ‘started on this. .
task. .This conveniion will also consider the "Guideline. for .the Doctorate:in.:.- .- i
Science.Bducation.” Isn't it time then, that A.E.T.5. assumes its. role ;of leader-- - E
ship in Science Education? i/hy can't A.B.T.S. complete its recommendationg-for.. . 4
science teachers, then organize a series of regional meetings with the State Cer- 3
tiPidation Officers of those Tegions, arrive at acceptable minimal standards, - and ;
then 8411 For a nationwide representative conférence which' can“develop a uhiférm’ -~ 9
minifiaf ‘o6’ 'of requiremsits for certification through’the United ‘States? 1
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Dape:yaccontinue to_ignors these recommendations? Is.it possible.thati.we can;, -
get:moxecand betier science: %eachers by having low minimum requirvements?. Gan.i . ..~ 4
feacher's organizations observe the problem of inadequate standards withoudi:in - &
taking action and still profess professional status? Can state legislatures or
educatitn "boards ‘justify creating gituations vherein prospective- teachérs spénd

two of Hore ‘yeairs in genéral education and sometimes less than ome full semestér: 7aid!
in teaching field subjéct matter‘area preparation? *iDo 'statés actually’ adhere "¥ouuie
their ’ﬁi'it%:r’l" voquiremerits, of dbithey sometimes "say“ond tRing and ‘do ‘Enothan?" "; 3
N R S X T s adaeed amdigy o e GRELERES af 3
Questions such as these deserve serious consideration and tljlgt;, vigb!@ﬁ%‘ ’ . -
action by é!‘y‘.:}gn&“ail‘bo‘ﬁqe::héd’i; WU e af s i enny gaR s
ST A AT LI - oLt : L r PTfD pber ynov ot Sfd e sidene ooy E
LRI RS PO Sofard o andtalahe

(1) Sariief a.nd.«Frymer, "Gertigzi;qation ;R‘éc';uirementg., in«‘i-iatﬁéfﬁafics :and . Soience," : .-
School Science and Hathematics, June, 1959. 456-460.

The Scientifig Honthly, December, 1957, 32-323. 7
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i)ENTRY; INTO THEZ SCIZNCZ TTACHING PROFESSI@N:
atlone «LZ'}GAL Vs, PROF"SSIONAL CRIT..RIA

*Hary Bla,t‘q Ha.rbeck
“University of ljaryland
Col;ege Park, IIaryla.nd

T . . . ]
LIS . . .

7l P |-‘7~

The Sta.te Department ot Pub.nc Instrucuon s Pom't: ot v:.ew

Kt

It is not necessary to review in detall ’che crltlcn.sms uhwh ha'v'e been '
leveled at state departments of education about arbitrary credit ¢counting and
, inflexible, cp ﬁlflca.t:e?on mles. ‘Phere are those vho. say state. departments get
3 the rqquu,rements mach too low’ a.nd others who say that reﬁ:a\,jze departments shonld. ,
: not set standards at all,, However, let. us, consider some . of the ;practical and_ .
phzlosophwal problems, faced by an agency which must assmne the responslbxhty..
for mamta.mmg and enforcmg 2, cert:.ﬁca.tlon system. * ir '

Mg o bt
Egia -l St Do i

In Penmnsylvania, as in o ther. Lsta.'be,s, -a-gradual. transxtlon is bemg made from .
the ‘actual couriting of creditsand ‘{ssuance 6f certificates to the "program:ap-
proval" approach. This seems toibe 'an admirable way to make'it.possible for .- -
teacher education institutions to provide .ard maintain wéll-planned, high quahty
programs for the preparation of new teachers. The outlook for the future.supply. -
of excellent ;lzeachers, under this plan, . is promiging. —_—

e ‘¢dn; by this mé%hod, ‘produce :candidates who are hlghly competen'b, ald NS
, though still apprentice scientists and who also have a professional éommitment. tq:
1 teaching. Othér candidates; ‘bacause -they lack' either the high competence:iin*I«:w..:
1 scienceor in- teaching:can:be diverted firom the teaching field.: ‘I‘Ius, £ roms oMY
: viewpoint, is fine. ' But,’a'state department .certification~officer ig: .forced o s
3 face school. superintendents who:iare unableto'find enough teachers certified. inssnt
i gscience to meet ‘the .ever growing:demands ' .Inccircumstances::like this -it-is Aiffis:
: cult for him to deny interim or emergency certificates to candidates.who do!nodyz:~
i meet the minimum requirements.

Vhen the state evaluation teams require an institution to provide science
teacher education as described in the AAAS-NASDIEC Guidelines in order to get
“program approval," the institutions are sometimes unable to hold enough students
in the program to keep it going economically. Highly creative, imaginative stu-~
% dents may well be interssted in more than one discipline and will be lost to
4 gsoience if they can gain satisfaction in teaching another Aiscipiine w}zi_.glg pre-
sently, at least, is not so rigorous and time-consuming in its preparation re- T
quirements. - It ;8eems Qbvious; that ve, must compete with the other nrofessions in
attracting candidaiss £rom the top 57 (intellectually speakmg) o’f our popn}at,iﬁ?}..
3 There is evidence that people from average intellectual levels may have a large "
¢ measure of the compassion and empathy so essential for good teaching.

ST i s e AR TR 5 i 5

There is, however, another viewpoint from which we must look at this topic.
3 The responsibility for maintaining a system of public education is delegated to
3 the state govermments. It is sometimes painful 9o 'remember this, becsuse all of
usg, including stats certification officials, like ‘to attack the teacher certifica~-
tion and supply problems with a philosophical approach of mutual concern rather
than by legislative decree. Teacher preparing institutions and state departments
jointly share the responsibility for carrying out this public trust.

Liberal Arts and Bduvcation professors must vemper their academic freedom
with concern for the public good as they set about educating teachers. A state
department official feels even more strongly the limits to the freedom he can
exercise.

e e T ARyt p— — v .
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As he strives to increase and improve the supply .of ‘certified teachers
available, he must constantly find & livable middle road. through the maze of
pressure upon him. Certification officers know that counting course titles
-, and credits will not reveal the qualifications of the candidates. But, an ohjec~
: tive line must be dravm and applied to all those ‘gseeking certification.

The battle is never ending to strike a balance between steadily developing
certification requirements and too quickly adopting changes to reflect a short-
lived trend in educational practicei When state boards. of education move slowly
and educational leaders jump onto bandwagons quickly, the certification official
is caught in the middle. : : :
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' Organizations such as AETS have a role to play in the support of state de- - 3
3 partments, Certification officers Iook to ug for leadership in recommending = 9
f needed changes and for support in getting these changes implemented. As ‘gtaff
? members in’ institutions with “program approval," we can actually have the res- 3
4 ponsibility ‘originally delegated by the state to the office of the certification’ ' 3
: official. There are those vho question the legal right of 'a state department to
A delegate this authority, but inasmuch-as it is being done, we cannot regard the 3
: responsibility given to usilightly.- If we are preparing teachers, then wve.should-: 3
4 perhaps-accept . the:icredits: and hours:available to us and use -this time . for . ° e
teaching by example;the- #iature:of- science, a.love for it,:and good ways=of:. -.ou 3
teaqh&,ng it,. . R . - : w e e e . . R R 4
3 As long as state departments have authorities mandated by state constitutions, 3
we cannot hope to brush completely away.legal: requirements for certification. - ;
hy not .instead capitalize on the. responsibility given to us by. the ''program ap-. -
proval® approach and make science'and :the teaching of it attractive to potentially 3
good teachers, Then,"we can preparc them to teach by using.imaginative techniques. 3
ard careful: choices of -content. This would leave the state certificdtion official . 3
: free. to- capitalize onthe unique contributions vhich can be made by .individuals 3
3 and: institutions. to the science teaching profession as he fulfills his - -~ «corl - -
/ responsibility. -, e T Lot T i
3 - i e O LRRRE £ NER e
1 i ' ' Pakdo ! Y. oo
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; iy U PR AN ¥ P TP T SN ceslodn v 3
*formerly, Coordinator of Sciéhce and liathematics Division, Divigion'of T ¥ -
Public Instruction, Harrisburg,. Pemnsylvania’' - e SRS .
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Y INTO THE SCIGNCE TEACHING PROFESSION:
' LEGAL VS. PROFSSSIONAL CRITERIA - o

Stephen S. llinter, Associate Professor
State University of lMew York at Buffalo

The Secondary School Science Educator's Point of View

"Entry into the Science Teaching Profession, :Legal versus.Professional Cri-
teria"-is- an: intriguing topic because the "Versus" implies. ai*antagonism between
the two.. Obviously. there is not. Professional:requirements embodied the goal
vhich is sought and-the legal processes attempt to:codify the achievement of this.
goal. - :Consequently, ‘I should like to interpre.t the versus as distinguishing be-
tween the substantive aspects of entry -~ the knowledges and skills which & pro-
fessional science teacher should have -~ and the process a,spects of entry -—- .
the path:by which he finds himself la.beled "certified." :

I shali say only a very few words about the substantlve aspects of certifi-

catwn ali;hough 'bhese are probably more troublesome than thé procedural aspects.
l1ith knowledge grow:mg explosivély and our ideas about what comstitutes good =

sclence teachmg chaﬁglng along with it; ‘the skills and- knowledges which we m.sh

‘i'.eachers ‘%o exhibit change equilly as drastically. The sad state of affa;t;cs ,
of legal ‘eriteria’ can be 111ustrated by the recently. adopted minimm erw.uca,tmn _
requirements of New York ‘State: "One year each in biology, chemistry, the earth’
sciences;. mathematics and physics, and a second year in: the science in which cer—
tification .is sought-for provisional certification (good for five: years), and a :
third year in the.science in which certlflcatlon is seught for permanent certn.ﬁ-
cation (good forever) " o I R I TR

“hat” thz.s :|.s a statement of minimum standards is self-ev:.dent' that it repre- N
sents an” mprovement over previous standards is a traglc comment ' on how o
rea11t1es have lustorieally kept our agpirations low. "hatever the deslrable —
level of competehce in a‘science might be, I am cOnvmced that in 1966 twé ye'é,r's“
of study will not achiéve it and I am even more corvificed that a, background of
three years of study in a science is barely sufficiént to maintain compe teficé for
even five years; let alone forever. But we:could argue this point a’ long time.
e are-discussing oriteria for entry, and I know.of no: way 16 makef a. candidate . .

prom:&se that he will keep. professionally alives: B MOEE Ly i o

In the area ¢f professional edizcation we are perhaps in a better positxoﬁ =
At ieast‘iu.r oritics say we'are ‘using too much of the collége time for’ trwla.‘ , ;
Our posié n i)robably would be bétter s'hll if we knew speciﬁcan& what we, Lo )
wanted. =’ nt it is nearly 1mposelb1e to spec:.fy the behavmrs of . 'l;he good teacher, ‘f
and it is more 1mposs:.ble to find the operational link betitéen the courses in - X
psychology and philosophy he takes and his ability to demonstrate these behAviors,
But even:if-this were possible,..we could not guaraniee his having.demomsirated
competencé in the. behaviors on the basis of five or six observations during:prace -
tice teaching:under, to put it:imildly, -unsettling conditions.  In this area; Koo,
it is easier.to specify what profess:.onal demands are. msuffzclent than to speei- "

2“"

o

fy thosemh:.ch,are sufficient. - : . R e 1<
'I'hls bnngs ne to conmder the process by whi.ch certification is ob%‘amed.jj ‘:
I shal" make & suggestion for an a.lternatlve process that might serve ag the A

. L s
oL, s

basis.for, discussmon. o

-Let“rme po:mt -out that certmfmatmn is typxca.llyf achievedrupon the recom- ELR
mendation’ ofa colléege:or. university afier a student-has passed -a cértain number -
of required courses and has demonstrated some proficiency in practice teachinsg.

r
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In other words, the process of achieving certification is one in which the state
sets certain criteria and the college recommends. the candidate after he has met
them. (Altermatively, the college does not recommend but the state looks over
credite independently).

Now I think there are two things wrong with this process, quite aside from
the substantive questions I have mentioned above, The first thing that is wrong
is that the wrong agency makes the judgment of competence and the second thmg
that is wrong is that the judsment-is made at the wrong timey ~ - ~=-'- meme—

- Hiost, if not all, other professions in which criteria for licensing must be
met, have devised a process which separates the institutions that educate from™ . r:.
the institutions that judge achievement of professional criteria.. Typically a '+ -s'd
college or university, educates and some committee of practitioners esamines. . i ™.
There.are many aspects of this that we. could discuss, and I want to stress imme- .
diately. that I have no.great faith in single examinations. But I also-think S
that there are at least two dangers in having the institutionithat educates be::v:i-!
the sole judge of the adequacy of its program. The temptation® to ignore 'defis
ciencies may be too strong, I wonder how many college faculties or adminigtrations
would admrt, tha.t their nroduct does not meet certification sta,naards becaiise of |
program def:.c:s.encp.es. At this point I tremble at the thought that Ccnant's re- ﬁ o
commendz, tion from Thé Education of American Teachers should ever be 1mplemented. "
I s:mcerely dread the’ thought of leaving entry criteria entzrely to the Judgment
of college faoult1es. I reiterate. that I think it is undes:.ra.bie to have the . .~
college sit as’ the sole Judge of . the achlevement of cr:|.'l:e1~:1a.0 e '

»‘l‘here is an even: more: compelhng reason for removmg that juvdgment- from the i -
college.:. The short period:of practice teaching is:an opportunity to learn, not

a time for judgment. If the college must attest:competence it must also. judge.t.:
I am convinced that the half dozen or so visits made to a student teacherts  ro.°
clagsroon during student teaching are times of wtmost terror %o him and that any
Judgment made by the ,college supervisor is a- n_rpng Judgment. ‘I‘he qamplm

00 br:.ef, the cond;ttlons too artificial. Indeed the ob,)ect:wes pf praqtlce ‘
teaching ars defeated by this. This point has been argued in the supervision .
literature for many years. I am astonished thaf 1t has recelved 80, l,tttle p;lay .
in +he co'rtem of student teaching.

-«, LR

IIoreover, it has always seemed incredible to me that we can certify a teacher
at the'college and at-the state capitol, and then deny him .tenuxre-on'the basis
of incompetence. Using practice teaching to judge competence immediatély: implies - -
that the new teacher is 11;1deed fully qualified vhen he has been recommended, for
certlficp"pg.i}’ix. Ig\IotIupg is further from the truth, as any fu'at—yeap ‘l:eacher‘ yp;;l.].
tsll you. . mg his~ f1rs~§ year that he really learns’ to teaob and tpg.’g
he can ;'ep,'ll,y gem nsihrate whether he has met entry criteria., 'I'hls fust ye' ‘é T
a time when he stll} needs’ help and it is a much. better fz.me fpr rev1ew of S
competence., st ade . s

T
LA 'Y"U" "", : : . :\ "'J N ‘x ::il" H i fa0 ,’:-,%"{3“ . -‘“"‘ v ;S-J

Therefone, regamhng the lega.l versus profess:onal criteriatof the! proceaa . ??*f?'

of certification;il.#ould like  to make a ‘suggestion-somewhat: as followss. First,
I would not certify either provisionally or permahently upon completion of-a .: ”“
pre=gervice. collegiate. program.. “The program might 'still: have: certain’ requirad R
components but its completion would allow the teacher only: opporiunity. touﬂemon-
strate cognpetence in a classroom perhaps for one year. It would be the ?qu:.' g.lent
to the le,q,rners permt in dmvmg. Second, I would appo:n.nt dmtng or oountlr o
supervisors of instruction whose sole function would be to work Wi ia f:.rst—year i
Teachers in their area of competence. These supervisors would piﬁic‘ up where” the~ -~
colleges left -off.  Their function would be to.visit the.newiteachers: on arregu-
lar basis:and help them mth curnculum plannmg, classroom problemsa and the. r«hneo,
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host of other matters that typically swamp them. I am convinced that this help
is absolutely necessary for first-year teachers and I am furthermore convinced
that it is not, and by and large cannot, be given by building principals or
building supervisors. Third, this supervisor, vho would probably visit each
of perhaps twenty-five charges:-not less than twice a month and often as much as
four or five times a week, vould cértify at the end of the first year that the
teacher has the classroom skills necessary to pass certification. (You might
notice a strong resemblance to another one of Conant's points here, namely, ]
his recommendation for a "clinical.professor.'t) ... .. . . R eI

Is such a process realistic? I think so. It could reduce the frantic
scurrying about I nvvw see to visit practice teachers.  luch of this, I.think, ‘
is unnecessary because practice teachers. aré Eypically. placed with competent B
practitioners. And where -this is not the case, the college supervisor's effec-_.
tiveness is.much sma.ller because he is just not there most :of the time and he.. . ..
frightens. hls charges when he is. The scurrying about is ;nerely an attempt by
the college 1o have .a. scund basis for judgment when .it: recommends for certlﬁ-, i
cation. .I really. beheve we could save colleges hours.and houps of.supervision =,
a dull a.nd unsat:r.sfymg job as those of you have done it must surely know - and:
reduce supervision to the pumber of visits needed to straighten out. administra-

tive factors such as. clar:.fymg roles.

The - savings which would came from this reduced comm:.tment by the cﬂlege
supervisor ‘could easily be invésted in paying the certifidition offieial ‘an at- -
tractive salary to do his job well. IHoreover, I feel he fould help retain in
the professuon quite a few young teachers during those lonely. first days .and.-
weeks 2ad, months when. their dedication and energy are undermined by uncertamty,
lack_of .attention, and. 1nep,a.§ude in minor .situations. It is at. thig point_that
I feel yrofessional criteria, for entry differ most from legal cnterma, and it
is toward the .rectification of this problem that I have directed my remarks.
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The Eiementary School Science Educator's Point.of View::. ... : -~ .-

Entrance into the profésgion of scienceé teaching needs to be' viewed from'
the perspective of both prbofessional and légal“ériteria:  The point of “view éx= 1

g pressed-géréléonééfning e@%gy'tékséiénce‘teaéhing in'the'éIéméﬁféﬂj*gfﬁ&éE“ﬁéEﬁﬁ St
1 upon—the ‘idéa ‘that professfenal and legal criferia are ‘intérlocktiig and hétddsary”
3 aspects of ‘making availablé'feachers who are competent in gitiiding ‘childrén 4 S

effective learning in'écieﬁéef%;Accieditafidn;*épprovequrdgraﬁébaf’ﬁr@sérVﬁééﬁi:*ﬁ
and inservice eéducdtion; ¢értification with its prc;vi'si'ox'xéi}."'-1'»1;3)&3&1"‘"a‘n"x‘id“'5"1':hé"iiﬁ?‘f:lic's"5"’"*’—l
‘ more permafént aspect with empliagis on inservice legfhing éﬁ&?&&ﬁai&ﬁﬁﬁﬁtxneedf53“3
‘ to be @een 48'"all-6f 4 piece." or should be made“so In our §dﬂ§&ﬁf6nérﬁpiéﬂhfﬁ§§ ‘
It is $5-60? advantage to sée’ what ‘edch aspéct can and canmmdt do,’and At the o0 .-
same time keep a perspective on the whole process of validatifig ‘Compatendy in’ ¥’
teaching .science in.the.elementary.school. :le have a tendency. to. bear ;down on

E some_one. or another aspect at various times in.our efforts at:reform, without. . ...
: enough consideration of the total matrix. . : O VT ST SRR PP IR

Fntrance into'the professicni cah be cofisidered fait accompli upon the isgu=<:"
anceVdf the provisional éertifidate. - On the other hand, ‘entry’€ai Fé'réghfdgdr?“’”
as a‘developmenta) procgdure fr§ﬁfﬁiesérvid§féduéation‘thrbﬁgﬁ“initidl’é@fﬁifﬂ-ﬁfif

: catioh 'to proof ‘of:dompetency” ‘during an ‘init¥al period of fu¥P-tirié “téaching- " 4

v experiencé and inkervics education. -Such a‘d8veYopnental consideration will-des

pend upon substantially more cooperation and involvement among ths institutions,

agencies, and the local school systems concerned than we are now witnessing.

3 However, such relatedness would seem no more difficult to achieve than trying to

improve the situation from time to time by emphasizing first one set of criteria

and then the other.

. At this point, some general comments concerning science in the elementary

g school seem warranted as a background against which to raise some fundamental
considerations in seeking to guarantee the entrance of professionally competent
R teachers to this area. First of all, we need to remind ourselves again, that as
¥ an area of learning and instruction in the elementary school, science is a rela-
" tive newcomer. In comparison with reading, other language arts, mathematics,
and some of the social studies, it is young indeed. That many of the professional
pioneers in this field still are very much an active and contributing part of
the educational sc~ne today attests to the youth of the movement. Vhen viewed
from the social, cultural and economic realities of the times, the delay of the
elementary schools response to so dynamic a force as science seeis inexplicable.
3 Such general apathy can account in part for the limited science requirements

: in the preservice program of the elementary school teacher, little recognition
of it in elementary certification, and for the apparent lack of interest in

3 childhood education on the part of the st¢holar in science. OCn the other hand,

. the relative newness of the ferment and emphasis on science in the elementary

; school means more flexibility in the situation. There are not so many hard and
3 fast traditions to overcome. The high value that present society places on

g science and mathematics is encouraging a positive interest in science in elemen-
tary education among laymen, educators, and academic scientists. Considerable
veadiness for improvement is at hand.
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- Secopdly, the critical significance of effect:.ve learning and -teaching .of :
scunea in.ha,elementary gradas. has been propelled to the:forefront within the 23
past: few years as a result of bringing the cuxyrioculum reform movement:intq the:: . :
elementary schools. The participation of scientists and scholars: in: ddentifying:.
some. of. the: major integrating ideas and conceptual schemes in thé:content itself,:
in spell:mg out what science is and in describing how a scientist works: has:
focused attention on what is important to learn in science... The mush~guoted: .
statement !'--—Any subject can be taught effectively in some intellectuadly. . . .0
honest form to any child at any stage of development,’ :the reporis. of: r'e:&earch
on cognitive development and conceptualization, analyses.of the will to learn
and its dependence upon early childhood experiences are all contributing %o the -
lifting of asp:mratlons as_to the goals to be achieved by children through learn~
ing m«* science and the professz.onal competencies needed by 'l;he eley’eh?ai‘y ?“hqol
teacher in guldmg and dlrectmg such”learning. - 'I'he need ‘to orﬁzg"‘the learning
and teachmg more in line with the true spirit of scienge, the need to upgra&e
curra.culum offer:.ngs and to bring about some measure of unwerSahty of oppor—
tumty for learnmg in sclence for all ch:.ldren and teachers is 1mmed1ately v

apparent. B , .

T

Another factor 'l;o be taken into account 1s that whzleﬂall teach-“s, m orcler
to be -1iberally educated, need to:know what science 1s, how it oparates; and .: .. -
gome: of>-the-ma jor integrating ideas of science, most elementary teachers mlla
not specialize exclusively in the teaching of science. Some will dewelop a con— ~
tent major in science.. Only a few will elect at. the preservice lewgl to-be .
specialigts: in science. Other areas of learning and instruction musk be: a. part
of their profess1onal competency as well. The early years of schoolz.ng are re-
garded 1ncreas1ngly as the most favorable for learnlng and every d:.sclplme is
knockzng on’ the door of ‘the elementary school ‘for more time.. ' Sclence courses
offered- at™ the college level as a part of the general education’ sequence bear
great res‘ponsa.blhty for exempllfylng in both ‘content and. method contemporary :
knowledge a.nd the processes of sclence. As matters now stand, t'h:n.s 1s not - alwavs

the case. ," ' . b L

Now, in hght of the foregoing and mindful of the 1nterdependence of the _
various facets bearlng upon entry into the professlon of science teachmg, 1et us
turn "o the two areas “of cr:.tema - professmna.l and legal - for further comment.,

. 1*” ““, L7 1
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Profess:xonal Crltema
- s

-r!l'he professlon is.confronted mth the necessity of be:.ng more ,contemporary
and more explicit in the delineation of the specifics of competency ngeded .for .
guiding children in a- modern: program of learning.in science. -This is the heart A
of the matter in establishing criteria for entry into the profess:.on. If we put
our mmds to it we can come closer to describing good teaching m science in the
elemen+ary ‘school than we have ever done ‘oefore# ' S :

AJ\

.He -are indebted to- the national curriculum pro;ects in elementary school y
science; to statements by practicing scientists, to documents such.as the ... ..
NASDTEG=AAAS Guidelines for Science and-liathematics in-the. Preparamon P;'ogram

of Ebgmentary-School Teachers, to the work: of -the NSTA Commss:.onnon ~the T'«lucae-
tionsof Teachers:of Science for stimulating.higher asp:.rat:.ons for ‘lesrning in,
soiefice in.the elementary grades. From sucgh endeavors have.arisen clearer. ;.deas
of the role of the teacher in helping children learn -how , to learn science through
using the processes of .anulry, expenmentatlon and, dlscovery.

Sone real probleme arise as efforts are made te brmg these‘ aqu.ratlons and
insights over into the main stream of general practice and to develop recognx—‘
zable teacher compeiencies for selecting and maintaining appropriate teaching .
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Strategies.:in science. Structure)>tondeptuxl .schetfes, procesdes, ‘inquiry, dis-

covery sl terms are -wasy to latchi omto and their usage is high 'én!-current eduoa=
tional’ diklogue.  Under the guise of these terms some of the same :butmoded: subject
matter .ig: being taughrt.in .the same’.old ways. It is easy to give ‘theiold wine new:
labels.. It iz much more diffiicult to be clear about what underlissd ‘these emerg-
ing ideas and to specify in behavioral terms what is implied. Total/programs.of :
teacher education in science for the elementary grades taking thewe ideas and -
behaviors: into account -are still 4o’ be designed and tried out. These are the-:.'~
tough problems nrto wlnch we mus’o sink our teeth. S A T T ST T e,

AT « T S LY
. . MR . G

Le@l Cntena

’ ‘I‘he proceélures used in certlflcatlon and some in accredita.t:.on, lthougixd N
uae;ul, are wep.k reeds to lean upon in vouching for sompetencies in. teaonmg '
science. to clul,d.;ren. .Administrative techniques that are elmpl,e to o‘beervo andi
easy to check,‘ A f:.lhng of required slots with names of courses a.nd hours’ of
credit 1n aca.demc science, in genera,l professlonal educa.txon, in epec:.al:.zed
methods may ‘indicate benchmarks, but also may be only the husks of the real ker-
nels being sought in the competencies needed. 'le nesed to be careful with ‘demands
for years of this or -that 'science for elementary school teachers. It seems pos-—
sible {to make ‘quite a collection ‘of. such:requirements and. in many ways not be:
assureéd of the-.competencies needesd for guu:a:mg children in g modern .up-to-date . -
program o‘f&eat‘nih’g in“goience., Titles-of ‘courses tell very little ‘about -tie’
character’ of learning bpportum.tle's provided therein. Somehow ‘or ‘other, we need
to pt: more’ mea.ning mto *the shorthend: of both cert1f1ca.tlon and accredltatz.on» “
:fNo’ one, wou}d deny, the need for a "good" background m sclence, but .)ust e
vhat is needed 0. egl on is not clear. Any number of the natichal. curnculup o
proaecte in elementary school science are having cons:mderable success ue:mg gopd,
elementary sohool 'l:eachere and. providing them with mtens:we and expert inser-.
, vice help. Addltlona.l depth in science sought by su,ch expenenced teachers. . .
; would meet the need for continuing learning in the field and have a better chance
of being related to their professional responsibilities than if all such was re-
quzred of them before 'begmm.hg full-t:une teachmg. : ST .

l‘w :, :,

Free Jl‘he msernce espect a.s an mtegral part of the to;ba,:., program :m the educa-
tion of teachers in developing higher levels of professlonal ‘competency and as
a basis for recommendation for licensure or certification is in need of con- »
gsiderable study. Providing knowledgeable assistance at the local 'school level: -
in féfining competency in science teéaching and providing opportunities to con-
tinue learning in science are problems for the total profession, ‘and have a good
deal *to do mth deVelopmen'bél stepe for enter:mg the profese:Lon. e .

iy o .
I;Iany opportumt:.es a.re before us as ve continue o press forvard to eeta-

'blish more defensible criteria for developmg and vouching for profeeelonai ‘
competency. ARTS in collaboration with NSSA is in a strategic ‘position to make
a unique contribution to the further clarificdtion of entry to the profession
through developrierital prooeﬂures. “lo ‘nieed detailed and Speclflc reports from .
statés’ é)ﬂd/or regions of: emergmg e\:empla,ry total progrems. ‘e nded to. give':
leadérship ‘in ferreting ou't ‘4nd reportmg forward-looking ‘cooperative arrangd+ :.
ments and’'significant learning and’téaching experiences that seem to:hold great ':
promlee for developing, eVamatiﬁg, and rewarding professional competence.: Per-
haps ‘a comprehensive publleé.tlon ‘18 needed. : : : TS B

.
.-.'

Certain opportun1t1es afforded through the Blementary and Secondary Bduca~
tion Act of ‘1965 could be- c&pﬁalmed upon at the state level (or:regional
level 'within-.a state) in‘setting up truly innovative .and experimental centers -
for making competency in thé teaching''of socience more‘available at:all.levels:- ..
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and in establishing genuinely significant criteria for entry into the profes-
sion of science teackiiif.. !Such centérs iwould.iinvolve univer§ity preservice
and inservice programs, state department cértification officers, state departe
ment supervisors of science, local representatives of professional science
teaching organizations, local school system leaders and coordinators of in-
service science and supervz,smg ‘teachers. Building. approprzate backgrounds

in science at the collegla.te level, and developmg and coordma.tlng appropriate
opportunities for c¢lassroom observatlons, na.rtlclpahon, interneships, begin-

ning teaching and the evolution of career teaching could be built together as
an :uy esrra‘fed who}_g.,.
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Last year Phi-Delta Kappa published the book, "The Training and Furture of K
RBducational Researchers" containing the papers and ensuing discussions of the
gixth annmual symposium on educational research. The volume is very interesting
reading for seeing the various conceptualizations of what educational research is,
could be, or should be. Perhops one of the more intriguing comments in the volume
ig ‘the following, extracted from a paper by Carl Bereiter. "The proper question to
ask in evaluating a field of applied research is, lThat changes have been brought
ahout because of it? Applying this question to educational research of the last
30 years leads directly to an insight into its basic failing: The only major
changes brought about have been changes in education research itself - new measur-
ing devices, new statistical techniques, and a general refinement in research
methodology. One looks in vain for discoveries that have had any impact on the
enterprise which educational research was intended to serve." Bereiter adds that
guch innovations as educational television, teaching machines, and new curricula
did not come about from educational research discoveries. I highly recommend to
you Bereiter's provocative analysis of education research contained in his paper,
and the printed transcript of the spirited discussion following his presentation.
In the discussion one of the pariticipants, Harry Levin, speculated as follows:
"Suppose there had never been an enterprise called educational research. Suppose
that there wasn't this activity we call educational research, or a lot of people
who call themselves educational researchers for one reason or another. ilould educa~-
tional practice be verr much different at this point from what it is now?"

Looniue

This morning I should like to consider my task "Design and Operations" within
the context of taking seriously the comments of lir. Bereiter and lir. Levin. I
interpret "Design and Operations” as falling into the domain of '"howr to do it,"
and will center comments around three subanalyses. First, how research has been
conducted in the past and to what this appears to have led. Second, some of the
present and developing means for conducting research. Third, I should like to sug-
gest an alternative mode of conducting research, one that may be ultra-conservative
or just plain old-fashioned heresy.

I

Joseph Rice is often considered as the individual who started educational
regearch, as distinct from psychological research, vhen he administered a spelling
test to 30,000 children in 1897. In a series of articles in the Forum, which he
edited, Rice showed that the results fell far below the claims being made for the
teaching of spelling. Between the late 19th century and the early 1930's edura-
4+ional research and research methods developed at an astounding rate, evidently
grounded on two fundamental beliefs. First, it was held that if just about any-
thing and everything having to do with schools were measured there would develop
rapidly a science of education with unlimited implication for practice. Secondly,
it was believed that beneath the apparent complexity of educational phenomena
there lay a basic simplicity, presently hidden from view. One finds in the litera-
ture of various fields, in curriculum, supervision, administration, and teaching,
these tuoc assumptions serving as postulates upon which design and operations of
research vere based. '




“Congider] for~ the'imoment; how well suited: such a statistic as one=to-one - -
correlation’fits’ these'tvid-hotions. Let us take; for an examplé, the relation ™ °

between téacher characteristics and pupil ‘achievement. " If ohe holds”to the belief"
in #implieity-then there' 'mkgt be a simple relation betwéen what pupils:leain and*
characteristios of ‘teachers. 'The:earliést education stidy I know centered on this"
particuldar problem was done” in 1902, where IQ. scores of teachers were correlated:

with 4" médsure of ‘pupil achievement. The correlation was essentially zero. - If "

the' -simplé rélationship is hot between teacher IQ and pupil achievement, then the -
relation must be between some other characteristic of the isachsr and pupil sohisve-
ment,; Surely,.one trial- is.not sufficient to shake the foundations for this. asser-
tion,..In.the thirty-year period betueen 1900 and 1930 there were conducted hundreds
of corrglational studies. searching for some kind, any kind, of relationship between
teacher characteristics. and pupil achievement. However, it would be unwise to.. .
lapse. into.cynicism at this point. After all, had not the physical sciences ex-
perieaced ‘enormous success by holding the view that behind ‘the buzzing confusion
of natural occurrences there vas an order, a simplicity, a beauty graspable by man,
and this beautiful.simple order emerged by exercising ingenuity, patience, and... ..
skill in measuring? In truth, rather than cynicism ve should express admiration
for this.period of hard work because it was a good first approximation of how to, ..
go about making semse of educational phenomena. tho knows, it might have worked,. ..
.. -;But there grew gnawing doubts that it vas not working, and furthermorz, that
it might not, ever. mork out.. Under the leadership of Ralph Tyler and others, funda-
mental.assumptions vere.re-examined in the early 1930's. Rather than simplicity,. .
it might, just be that educational phenomena are complex. If there is an- order, . .

. ghep the order itself.might be complex. It is easy to say this in 1965, .but. one: ;|
has. to examine .the research literature of the 30's and early 40's to see how .. . |
_slowly, how very slowly, researchers began to design and carry out studies. as.if ..
they, really believed in the complexity of the phenomera.. It is possible to, point:.
to the, Tight Year.Study as a towering example reflecting these new sets. of funda=
mental.beliefs. . Unfortunately, even today this research study is.too little known
and appreciated, and it is only 30 years later that some of the ideas about. evalua-

tion.used in the. Eight.Y_ear Study are beginning to show up in some currenti course.
developments in Science and Social Studies. .

IT

Aot fifteen years ago, designs and operations for handling complexity -slowly
became “better known t¢ educational researchers. I would guess that by now it: ig™
gerierally believed that matters of concern to educational researchers are indeed '
‘vieved as being comple:it. Perhaps this view is now so widely held that ‘oife might be
Téd ‘to comment, "Alright, alright, things are complicated. . .so what?" :1 would
ingis¥, however, that this vas not the view 40 years ago, and the shift in belief™:
is of enormous importance for the design and operation of educational research,
indeed one must grasp this change to understand much of what is currently going ‘on,
and"many” of the'plans being proposed. Time permits only a few general comments on
the ‘ocurrent situation. - ° T

Bl a it i e ey
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' Pipgt, new modes of research design and statistical operation are increasingly
being ‘iised in eéducational ‘research. The sheer technical prerequisites for just
reading the literature, in say science education, have taken a formidable leap.
Theye are & number of reisons for the rather sudden appearance of new desgigns and -
‘gtatistical operations in research. Uhile the notion of educational phenoréna as
] ‘complex ‘rather than simple has been long “agrowing," the technical tools "for measur-
. —  ing'complex systems and for making sense out of masses of data has beeén:slower to
' ‘ become known and used. - Surely one breakthrough has been that marvelous computa-'
4iordl serf -the computer, but in addition, thanks to some ingenious people, it~
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is now possible for awestricken individuwals like myself.io baby-talk to an. ever
increasing number of. gadgets. Emerging from studies using these newer modes of-.
resea,,rch arg more; powe"ful statements about events of educa.t:.onal ;ntergst. It
statements ena.bhng us to ma.ke gense,. 0 understa.nd, and..explain wa.th greaterJ ‘
depth; curriculum, teaching, learning, supervision,‘ teacher education and so, o,x;_.;
Today. one is reminded of the optimistic mood of a half-century ago,bdbut. our mood. .
should also be ca.utlous for we are ill advised to forget that the opt:.mlsm of the .
..past was followed by disillusionment. : : . : e

But thete are other developments than design and statistics. There is also -

' evolving, not: only a tnchnology for dealing with ‘complexity, but also a° "sc:ence‘"
for dealing with complex systems. Other people m1ght prefer to say there’ is'a
developing “pseudo-sc’erc\,," so I shail play it safe and simply say that there is
a develo;bing "rationality' for deahng with complex systems. Increasingly the .-
mea.ns ﬁsed to éonduct and covxceptua,hze educational reséarch look.moré and more
1:Ke the means used by ths psychologist, the’ &oclologast, the economist, thé poh—
tical’ ’éclentist, and even the analytic ph:l.losopher. "Recently I received a book -
entzt’led,’ "C;ybernetlc Principles of Lea.rmng and Bducational Design" which deals - i
not only with the very apparent hardware of the "Buck Rogers School of ’I‘hought"
bu‘t' 4n ‘addition with 'the general rationale béhind the hardware. ‘

Lest these ma.tter.; anpsar over mystical let me provide a more specific illus-
t!‘a.tlon. "Behind' the incredibly rapid- evolution of” prograrmned instruction from ’
modest’ begmmngs, to poupous hucksterism, to disillusionment and despa1r, the -
fundemental ra.tlonalrby bzhird programmed 1nstruct10n still remains. Further,
whilé the school market for essentially poor programs has rightfully dropped out;"
progra.mméd instmctlon is increasingly being vsed in industry. It remains to be
seen Whethez{ the newr wave of cdmple.c hardware, like computer—~linked program syatems,
will bec&ne a reality. The mouritmg pile of books and articles on the computer” in
ed.udatmn may furn out to bé prophetic or merely amusing. In terms of research
however, we must note that the ideas on which programmed 1nstruct10n is based are -
also very’ ﬁo'xerful idsas’ for research, and may bé considered both as a’ rat:.ona.le
and’ & method For investigition. The methods may be used to alier an organlsm 8
behavior, but may also b2 used to study the behavior of the organism.  In‘the dec<
ade ahead we may gee therz instrumentalities flourish as research means.

oc.1.X should-1like. to pass on to,a quite 1ifferent aspect of .the current ggene
dealmg with research peonle, places to work, and money. I refqr,‘to “Research, -

and. Development Conters' anid to "Regional T‘du.ca.t:.onal Laboratories.! . ; Ag a m@aps a
for.oonducting rosearch they may in soms aspects resemble the "L‘ducatmnal _Regearch
Bureagus" of the pazt, few,0% which survived.  But there are sufflclent d:bfferenoea,
for, example, general "chma.«a" and available resources, to warrant the. asgertion
that these are indeed ncw-opaxational means. I wish here only to point .out. that ...
there‘ is the potential for an enormous range in educational research endeavors, .
for .example, the potenticls for longitudinal studles, systematic. programs of. re=-
search, replications in different set vings, muluple-dlsclphne regearch, a;np. 80, 0n.

w ., Othey than technical developments and new edu cational research organizations,
there. is yet a third area ulich deserves consideration as a .new means of operation.
However, here,I am at a total loss to even speculate what might happen. As I am
sure you are aware, such large industrial organizations as General Motors, Xerox,
Raytheon, IBIi, and others, have been purchasing publishing houaes, equipment supply
. houses, private educational research organizations, audio-visual Mﬁ:ﬁé urers, agnd

a-host of other small outfits. I leave it to you to wonder what may bt pne in
educational research by these large industrial organizations with enormoup resources
of talented -people, a history of valuing Research and Development, and an unimag:l.n-
able prodnction capacity.




These three on-the-scene matters, new technical means for handling complex
systems, new educational research organizations, and the entering of corporate
organizatioas into the educational domain are my personal candidates for what may

have great impact on design and operations of future research. Perhaps you have
a different set of candidates.

I1I
There is yet another factor I wish to mention, but it is a bit heretical,

and may cross into the areas discussed by Drs. Atkins and Suchman. Returning once
again to the beginning of the century we can see that there was an intricate re-
lation between the research questions asked, the technical means then available
for designing studies to grapple with research quesiions, and the concepts (the
ideas, the current state of knculedge) applicable to educaticnal concerns. Today
research questions deal with yore variables, techniques of design and analysis are
increasingly able to cope witn multiple variables, and a staggering number of con-
cepts, relutions, and theories can ke borrowzd or modified from other research
areas particularly the behavioral sciences. I have already expressed the belief
that these are signs for ranewed optimism. Nevertheless, I cannot help but feel,
and it is a feeling, that what slips through all our research network is the ulti-
mate concern of all of us — the student, at whatever level. At the moment I can
only comment briefly on two matters.

Despite all our complex research machinery we krow precious little about what
happens to Billy or Jainet in school, whether in pre-school or in graduate school.
Equally disturbing, particularly to those working in curriculum, supervision, and
teacher training, w: know very little about what happens, even descriptively, in
the classrooms, any level classroom. This is quite sirange. It is as if there
existed a gigantir; medical research complex, and rarely did anyone look at the
patient, and ther only to see if he lived or died. Socmehow we must find ways of
returning to the, phenomena - the students. I do not mean that we should look at
students with s misty sentimental glaze. But I do mean that we have such a wide
variety o/ sels of glasses for cbserving, that we may have a limited and quite dis-
torted view «f what happens to students in school. e view them with the foggy
glasses of rne psychological theory, the finely etched glasses of a test, question-
naire, or rcale, or as teachers (at any level) we can put on our super-glasses
coverad w'th painted letter "'K's", each letter standing for "Knowledge." These are
all help7ul I have no doubt, but what would we see if we used the naked eyeball,
even my,pic eyeballs? Again I border on mysticism. Stated less mysteriously, our
resear.h networks may be so highly developed that the questions we pose, the ways
we exiumine, the ideas we use, may form a closed system of attack on educational
probiems. There is, however, remote, the possibility that a naive but rational

looking at and listening to students may be yet another way of having an impact on
reasearch designs and operations.

Prying to look at what happens in classrooms, particularly what happens to
students {all the students, not just the enthusiastic five of thirty) and subse~
quently attempting to make sense out of observations is a very difficult task.
Promising beginnings have taken place in the work of Flanders, Amidon, Smith,
Hughes, Hedley and Mitzel, ithall, and many others, but these are nets with a
very large mesh and catch only the large global phenomena. Still this is a begin~
ning. 'hat is needed in re-examining students and classrooms are means that will
capture those matters that escape our notice. This could lead to a better under-
standing of the fine structure of students and classrooms with subsequent implica-
tions for curriculum, teaching, supervision, teacher training, - in brief, in
understanding our work world.
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I wcauld like to d:i.vide my talk :I.nto four partg- First, 5“,”*1

>o-~

- (282 654w

da.scus,s,,.,the hietory of the audio- tutorial eystem. second, TwilY

show .you 3 film of scenes from our 1earn1ng center; thhf:.jdb,"":(“ f11
discuss the a“\dm"t“t"ria:i system as we curéenély opetate an& é'émé"”'%'
of the resulis;. and foqrth. I wish to summarize "with come of ‘e adu=©

T 234 NN RR A 1w 9 J: Fe s

cat:l.onal concepts which ‘have emerqed as a result o£ our experience.‘

Lt CTILEL ht RavLdael
1. 7"The audio-tutorial system began approximately ﬁ.,ve ,yeexs S
ago' adtdn attemst to make some adjustugnt for the. [diversity of ... .. J
backgréunlaidgigtudents in-a freshman:hbtany cou:ee,w'rhe course, .
involAd*380-students and was a four houz credit.course. e L
mainlyiéé’tved freshman students in the Schools of Pharmacy and. )
Agricuiturei: "These students have attended -a great variety of ,,L:
kinds ®f high schocls:so:that some had. received very. excellent

AN

training' end’others relatively poor t*aiaz. g.. Students:.,gz}th. equgl
capacities could not perform equally well because of this, di,f'fer‘én‘*‘
in béckgtround. : To agsist the students with poor background. it wae
dEt1ddd Lo make a special lecture on: tape each weex and file thie e
tape  with'the language tapes in the Audip Visual Library Studen};g ) |
who- tjatited could go to' this £facility and. hear. the supplementax;y *;*
ledtufés ‘and’ thus enzble:them to ccmpete. .more effectively. During o
the course Of preparation of these lectures,. it occurred to me .
that- ﬂme student: might well bring their text: book along and ogen g
it3o“4He appropriate pages so that the subject matter in the |
text (G6RTd bé related to the subject matter.covered by, the tape ‘
lectite. Later it seem=d logical to add the.uge of their laboratory
manual "in the same pattern so that the subject matte:: in_the laborn- '
to:‘y manial - could be related to the subject matter in the text and .
to thd subject matter on tape. . Still. later,.it. seemed feaeible to
provi'deWéhe student with plants and experimental materials 80 that
the’se ¥80 ¢ouldibe-related’ tc the: laboratory manual, te;\ct book and
tape fecturei - Bitimately the discussion. on the tape was no longer

a lecture but rather was a discussion on a onesto=0Oae basie. one

teacher-one student, in vhich I was tutoring the student througn a

~y
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gequence of learning events . Fihe tapewas prepared by arranging the
variocue items wnich I felt would contribute to the student's iearn-
ing on & table before me and talking into the tape player as if I

S

were v s,;l.t;s.ng with a friend helping him stud . Learning events’ 1n-

-3-'&" -- nw .")r‘ . "Te

cluded 2 oreax; xange of_ ,_exoeriences suck ad reading from ‘the’ te:u:.
doing an ex'per:titent. colleering data, analyzing data, manipuiation

MA@ ik < ARYL SO
Ny e

of a microscope, _watching a ‘time 1apse ‘movie,” observing plant e e
specmen;. ohar’tg . 'diagran‘ns. 'pliotograp“hs. and listenina o vb&z‘:l '
J.ectures or ‘discussions as appropriate.' The Success of' the*’ia&tiai
tapes ea%cour’eged me“to ‘xrin dn experiment of ‘36 -students for.one_; i
gemester ‘which fiither confirmed the potential of thesaydio-tutorial
syaeem?"":.‘.; T2 end “0f ‘the-second semester of experi.mentaf,iomr I met,
with these-students to- restructure the botany .course disreggrding

all traditional iimitatiocs and placing total .emphasis-on student.
- =rearn:mga:“'*AI.J.‘l:t:uay work would be eliminated.and an attempt- ,would

be made €&’ edapt the ‘method- of présentation to the nature:of. the

obj eé%‘fi’r’e. ‘The” f:lrst restructured course included the following

) .

. etudy ‘deseions.” T

One hour per week--General Asszwbly Session (GAS) ; 1 hour per

- 4 week-'--Si'i\all Assenﬂoly Session (SAS); and ? hours per week--Independent
. St\xra;fﬂ"i%%’éjs‘ion’{*’- “phe’ ‘Independent Study Session-was the modification..
of the oi:‘iglnal audio ‘tapedtutorial. The ingredients of.the.gourse
perhaps Will be blest communicated to you through-the use:of a movie
£ilm showing geenids from our classroom. This film: follows the. .
activities of a itudent through one week's work. I would emphasize
at this point thid't Severdl. changes have heen made since the film was
produceﬁ;’:‘;; These changeés were based on our experience and constant ..

- bga‘fﬁé’eoimj,né"%’ieh ‘teaching assistants and students; however, the.. -

basic jo’\itline prov:Ldes d-gbod background:for the remainder of my. ..

discu‘é’s (“ 17 At cre“Point in the film where the student .is anked t.o

- use an’8 mﬁ\ T - h¥éotor ‘projeétor ;. there will be: spliced . .in some .. . .

IQ,.,.

work’ prints of “the ¥ifds"'of  iearhihg events we.would expect -to ,b_e",‘.,.:
" presented through the’ single loop”£ilm medium.- I will:show you the..

'\‘

£ili how ‘and diécuss some changes we have .made immediately. after the.

Fd

1 4 viewing. Let 'us now ‘go to the film. i - : ST
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-.aw,,:lgmwe have. already diseussed - the Independeri%; S“tudxy § ssion

_fulfiiis this role. These items include a great variety of matexials
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% di 3. X, am, stopping the !c:le before :i.t dj.scusses the Small et

Asamblx Sesqion bewause we have made sever'al changes in th:ls session,
w=d?2s i“a ¢ 3
and L. don't want to take up. time with the outdated“ Srmation. o

which, h. Femains the same-except, for some minor changes su_ch ﬂm@é{ s
increased.use of B.m. £ilm and 1mproved arrangements “Sf ginibide™

LI & 4% Ko gm.rs,mr- ¥

in thewl,earaing center and the General Assembly é.:ess:l.on whlé’ﬁr

discussed on £ilm remains essentially the same. = - FHE e *“‘" i
An Integrated Quiz Session (10S) has been substil.i‘.uted £55 “Ehé”

Small Assembly ‘sfesslon. The IQS is & modified Semindroand orsl

BRSNS

qu:Lz. It :l.nvolves eight students seated-inforimally aroundwa.table:

bl \M'Oﬁ(‘ . ;

with one lnstructor. The " instructor is supplied-with: thé various.::

e"ﬁ

items wh:lch were included in ‘the learning center the preceding: ::

P \,a

week, and these ifems are used as a basis for student dlscusqion. .
All students are “agkéd to discuss items in their turn‘and:are: asked

“xiy ‘:,;'.”

to do 80, 1n a specified pattern or foimat. FPirst, the: item-iw: to-be

,,,,,,

lden-ifledz secondly, the student is to tell its role in. the week?!s
work or objectives; and thirdly, the student is to explaim:howtdt::

J-.: ~ \313

such as plant specimens, a microscope, 2 X 2 ‘8lides, ‘dlagram -or

ey 3

charf, a time lapse mov:i.e. all or parts of experimental :€quipment,
or any other materials which have been used as a sulyject:-of study

""‘“'\’ oot L

durlng the proceedfné week. The studént's pérformance id evaluated
imedlately on the 'bas:l.s of 0-10 pointsa If the instxructor is much
pressed, " Ehé student is placed in tHe ‘category of excellent and

l"' \
~-L¢.l.. ‘- >

receives a score of 9. If the instructor is not impressed, the

I IO & v ""\ =Y
student is placed in theé category of mediocreé and receives & score
of 7. If the instructor is depressed, the student is placed in the

-2d 0l e -

cateqory of poor' and recelves a score of 5 or less. Six:is.a pass-

\vx.-

ing score. and all ‘scores are subject to changé as the discussion
contlnues. Each student has an opportunity to add comments con-
cern:l.ng any item wh:l.ch he thinks' may enlighten the group. The in-
structor will then raise his score as seems to:be appropriate. The
{tems are distributed 'to the students in a seguenced fashion so that
the theme or themes of the week are clarified and where. experiments

lead progressively from experiment "A" to experiment “B" to experiment
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“Cc!,. etc.,. thia prqgress;.ye relationship is retained during the session.
This session has been an effective feedback mechanism for informing

.Ecua’ E‘of. tjm success oy: failure of any program sequelite’ of experiments

and ofte"n provides ciues for improving ‘our approach. -T¥ ‘also heélps'

towclarify the 'appropriateness of the’ coxmnunication vehicle' useq <37

in attetﬁpting to achieve the ob i ectivé. "T¢' turns into a: mﬁﬁaﬁuﬁzed

oI - 3
ok ik .l A k 2y Aends s man AL . N
--a-....aa: “av, .,hus e..wa.ea ...an:, students +5 dee :elaticnsh.,.. and Se.

SXLUT oLy Suderuind
concapts which were not evident ffom the Independent séudyfseséi&

aarlier. ‘The 108 is also an effective “tool for prevcﬁ‘&idg ‘pro=- i
cxastination on the part of the students. R ST LG RLRER
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1Two questmlzs most commonly asked concerning the system are

3 l Y :.'.:

as L£°11m 1. - Have we not now euminated the personal contact
impox.'tant f.or motivation? ‘ 2» A8, this not now a “spoon-fed“ ¥ >
operat&on in whigh thgzqe 8 no:; 6pportun *.'y for student discovez;
or. .inqnity? . In.apsyex. to the first question'concerning peraonai

“ “‘ \J(w -

eontactys is, that we, find perponal contact is actually enhanced.
a2q0w: have .:eleuateu much of the routine 'of teaching to a routine )
vehicle 4nd.teacher's. time. now cpn be devoted to meaningful per-

i

@sonal-cgohtact. . The oppartunities for personal contact are as
»ifollowss - . - w5 g R
. 1..:. As.in the convent"ional lecture system, Kthe senior instructor
v .-is available at .the General Assembly Session for this kind
e .-of personal gontact such as it is. o '
i*.. 2. In the jndependent Study Session an instructor' i‘s’ ‘ava: 3.- ¢

Sl
- 0. -3ble to give direct attention to individual needs on a‘

i e ’f SN

L ivolopesto-one basis for any problem requiring instructsr

J . ®

=i Dhassistancg. - Also in this session students may visit with
2UCoe 5 zinatrnetors about any additional as,pects of the subjectj
. ) . v e L) ) P
2Tl eymdtter whigh they Zind interesting. : N

(24 ~-—

a¥a 3,7 iThe . I0S: provides an opportunity for every student to hei(

‘\-( ._) t
retor. comerwell knowm by .at least one instructor in the courise,

DN e

- and :every: student to.know at 1ea.st‘ one. instructor very
RTINS wellw: Additienal; opportunity .is available for é%é:y stu-

ol - dent.,to know: many.instructors well but there is n no

. -+ altexnative,bu ,; to. become well, acquainted witn at K least

SGhatare e cone.dnstructor.: - iy X e
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—r .., The. second\,qusst...on .concs rni.ng :anu;;ry ;l.s a;so answered ‘:I.n

AL ey

the affirmative,. . ,Fi:;:’t, may-.1 I define 1evels of mgu:l.ry. . quiry ‘

-

i-k(’r

occurs.at varjoug 1eve1.s with, the max;mum or firsr level of :lnqui.ry ,

od' "
o ‘ v .nu‘a £

-5 repregented by research. . 'J.‘he second level of inqu:l.ry is the type

«e.‘ %« "":T o

of .experimentation whidh can, be. completed 1n the span o£ a three-

-ﬁ’iv\ l “‘\1 3;4 \4:1!

hour.laboratery. The third 1eve1 of inquiry :!.s one in ymich the

- u.,t*.

husy. work oif doing..the, experimentation 1s comple’ted by the mstructor

* 8 s

and. the student, «ig-agked to coilect data from the resul.ts and analyze

Qwﬁ - ' :»’ r-.t

4hese-data. Thepfourth level of inqu::.ry :I.s to. provi.de the student

with data and ask the student to analyze these data,' q'.l"h'ie sf%'f'tg. i
course, - would. not.be cons:.dered real inqu:l.r 1 but merelga gepojn- ,;}.
stration. . All.of. these 1eve1s of inqu:i.rg ) ar? feasible{ un?ef ) gxcea;_
audio-tutorial system. At the first level of inq;uiry, our;‘s{_ . u%eg;s

are:agked to do:two miniature research projects. the fffst of which

ye provide guidance throughout ! the proj ect and the second is left
totqlly to the initiative of the student.. In the ﬁ.rst pro ject
the problem is defiped, the materials and methods are described.
the student is told.what data to collect and asked to analyze
these, data and wxite up. the project in the format of a scientific
paper, : The .gecond. proj ect is completed by those students who hope
to, make an "AY . in the course and here the student is restricted

lc" e

only by the materials.; available to him. e vﬂe deﬁ.nes the problem.
decides on the experimental procedure. what data to collect.
analyszes . thgse data, and writes up his project':i.n the form of a

scientific: papexr. ...,

At;sthe 8econd . 1eve1 of 1nqu1ry. a problem :Ls defined for an
i

experiment requiring two to four hours and As done 1n the ISS as
well under the audio-tutorial system as under the conventional

A J-' S

-aystem. : The sulgssquent levels of 1nquipry ar_e also hand].ed effect-

))f.a

ively:.:in-the- Iss. The results of the A T system have been positive

DITLUN OuENl S v (Lt 2

£rom. @very -point of view. . Better_ :l,nstruct:l.on can heﬁgiven with
equal or:less staff and.space. Grades and student :I.nterest have

--ul,

improved.at all levels. .Costs. are reduced for equivalent levels

A ".:’Qh

of instruction. .. ... . o

- . 4‘..

“rral  Now may Ibtake:a few.moments. to discuss the philosophy of
the audjo~titorial system:as I see it:in retrospect after five years

I .
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of experience.“ It is eometimes gsaid that “teaching is an art“%. This
may he ‘true however:.a "education“ should “be‘a “scieédce. “iHe®géienti-
fic methog demand’é that oie begin by defining ‘the ‘problem First. fThe
prdblem“ in education. simply stated, is’ "learning'must "Ye dbne by

G

the learner" . While "this is not a very profound chgervation,-it'stands

»l 3‘“’1" ’ e

to reason t'hat if "learning is done by ‘the’ .earner“ ‘the‘educational

l

.;...
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“Both teacher and student alike should ‘be céncerned with the Kindg+ of
'activities and situations which contribute to learning. “T£ these '’
activities and situations can be “jdentified, the teacher is Obligatéd
to pr%ide a course structure ‘which will permit the student to’ engage

in these activities and the’ student is’ obligated to perform' them -~
eonscientiously.\ 1 would like ‘to 1ist some of these activities and“

\'l'

situations as 1 see ‘them. TR e R RS

'_ . Le RépEtition.--‘l‘here is little question but ‘thiat ‘the nature’
of many objectives require repetition “for th‘eir achievement.

- I-l&vgever repetition ought to be engaged in an intelligent

.. fashion and adapted to the individual needs Of & particular

s i ‘. sgudent. For example, a student who has learned about

" "the Krebs cycle in high school biology has little héed ‘or

extensive repetition of this study in a college biology

. course. On the other hand, a student who is encountering”

" the Krehs ‘éycle in his college biology course for the first

\ ‘time may find it necessary to repeat this study or certain

- portions of it. 'a great many timés. In a course with 500 °

; .. students tne teacher cannot possibly make the adjustments

in repetition for individual student needs. Only the

 student can det:ermine intelligently how much repetition %
is necessary. T '

: 2. Concentration.;-nost classrooms are not- organized to pexrnmit

o students to concentrate during theirx study Students are:

distractine to one another ahd other disassociated events

; m which may be occurring tend to divert thé”student's - -

attention from the sub ject at hand. ‘The audio~-tutorial::-

; system permits the student to isolate himself from -theé"
surrounding-environment through: the:covering of his ears

- wiith the éarphones and-the use: of boothsa: to reduce his
avareness of his surroundings.

gy
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Aseociatipn.--:n a study of plant science the major objective

. The. audiomtutorial system provides an opportunity for the
-student to have a plant available at the time he reads
. about it, does experiments. etc.

4.

- considerably in the amount of subj ect matter than can be
..grasped in a given amount of time. Programmers have
- demonstrated that most people can learn almost anything L1£
. At is broken into. small enough units and the, student can

.....

POARIC

R

o ficiency may frustrate the learning exper;tem:e.,t Presenta-
- tion of, material over a 1ong span of time may result in
: progressively increased frustration such that the atudent
-psgunes the attitude that the subject matter is oo difficult
.. fOX him. . In order to maintain status, with his peers. he may

.his ability. 'l‘his is especially importan whe:.e the learning
, ..__qvents are sequenced with subsequent events dependent on a

‘mastery of proceeding ones. 'rhe human mind with its limited
) ‘_attention span frequently is Qistracted dtring the presenta=
.- tione.- If this distraction coincides with a point which is
. _,particularly critical to °ubsequent units of information,

is to learn about plants. . 1t makes gense therefore, that a
study ,\of plants, ehould be cenducted where plants are avail-
able for observation. Diagrams. charts. models. photegraphs.
- and other such devicns should be a “means to.the end" that
students’ attention is directed to the literal plant itseif.

Appropriute sized units of subject matter.--l’eople vary

;take time' to become inf ormed about each unit hefore proceed-
- ing;to the next. Any. program of study therefore should pro-
vide em'h student an opportunity to adJust the size of the
-onit to his own ability to assimilate ‘t‘ne information 86

_ that thoge who can absorb 1arge quantities of inf’ormation
may Qo so in. an unrestricted fashion whereae others who
-mast proceed more slowly, the course structure should
.permit them this opportunity to do so. :_ The . audio*‘tutorial

.. gystem allows the student to proceed at h::.s own pace and

=tO0 break the sub ject matter into units commensurate with

when the subsequent units are presented the student's de-

develop an -attitude of "I don't want to learn this material"

: Cy
L e v
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ESY gibeds ap a QEEEREE’ mec'hanism. 3 Expe‘tiences Bucu«ta thu
#ond throughout sbiéral?Years' of ekposure’ to; formal eduohiion
iV my cRine mni; ediratapie- pecple’ to: develop m’enmfblocks
IR ROY which a¥é” aLFELEuit to Siercome. - The same 1n£ormaba.on pre-

gy sent ad to tife Hhineé student in = setéing whete the ‘student

LA ¢

" can ﬂﬂke each ?@'{:ﬂﬂétion* e Firii before proceeding to

""‘:") .': LL l J S ML- R Iy | k] “‘; AUl i TN “AL-
[ = ¢4 ‘l““ bﬂu L!=Bu.bu J-ll aub'&-cb‘ou& &‘ﬂ&‘lulg. "" uuvb‘v“ WOYTC LD

“‘auccesd“' and successfiil’ experiehles® will tefid s& whcoutage
the student to greater achieveiléhti’ THE ‘edubatbi: @oulad
! ;J,‘, L? 3we:l:1 affox’d %o ‘leafh from a sucdessFful: ‘tohctruction- -*
e ‘ui’ :pngmeer’»who pours 4 concrete foundation carefully ‘shaped
AT ww 1 qand positiohied to support thé? future ‘gtructure-and ‘then
pen&&es this féundation édequate time to:Bedome fived or
firmed batore ‘placiily ‘ot it the subsequenﬁ materials.
B::tcks and’ !uol:tar ate’ la?;d &lﬁemtately with' edch Brick
RAEI and measih:e« of martar caréfu],:j.y ‘i)iébed o -prov$de?«a béd for
e the’ boai‘tiohﬂfﬁq of" ﬁhe n%rb ‘-bgrj.ckg o be' dafd. only if
-dbdudation do we poi% ig,i:tl;x *heundty of s&abjebt macter

. rJE‘

e gl

’ along with the “cementmmater:[h—ls ‘&t a *fixedt rate.— mixing
other Paetors wh:l.ch may faﬁiect the resultaht "brganihation.
‘5‘. Adap{' hé ‘natire of the €om&§'{catié’n Veﬁ‘:t’q‘,te 44 %He nature
B o8 theVob g éctive.«Botany is a: “comprea;" ‘off mibject” matter
SRS ‘féqifres a’'great variety of: 1earn1ng*expef£en§és‘. 'rhese
R t&ay thiclude “the handling of a prant: specimen. watcﬂming time
P ‘m]:'apde £ilm, viewing pbotograiphs, reading from tettbooks,
et ‘éciem:* fic American articles. listening’ to' a ‘difdcdésion by
‘tlie sen;wt :lnstructor, visiting with colleagues, ‘€tc. It
"‘:ls 1ogica1 ‘thén that no "single-velitcle such-as lecturing

A ‘8¢ a text book can “achievé the furt spedtrum of objectives

1' “'v -
ok .
.

"

9D ' d0r this complex subj ect: The-stident's/experiencés should
EICE At Be confined £0 ° ‘any particulnr ‘vehicte'suchas -8 mm £ilm,
+ “didio tape, text bodk; or “any other 'of tHé'great: variety of
-0 Somiunication devides which are néw- availibletd%ds. In
Sluniln i dadeg ‘wherd the' devefopment ‘of a prdcedural skilB:is necessary,
CB o

_ ‘“PRere 18 no- substituté for the student doing-this procedure
BTG “himself. A properly Is€¥ictured course, ‘théreforée; would

o ———— s M burp o -




- carefully define objectives and not try to mold obiectives

€6 fit a favorite medium (lecture. for exampu) ‘but“instead
-would use: the mediumn-best adapted to the nature of the ob-
.jective.- '.l'he auﬂm-tutorial sYstemrpemits this kind of
student participation and enablés one to bring to bear the
cog?eeg medium’ commensurate with the obiective.
D Lns uue Ol‘.‘ mu;t&vnaeua.a.--mulvxuuaj.s Qifier: in Ttneirx
:esponaiveness to different kinds of communication devices.
- Some people learn well- through reading, some can léarn best
"¥ by auditory communication, and ‘others can learn best by
literally handling specimens and doing of experimentation.
" While some of my colleagues think that'ifmtellectual” achieve-
" ment is-accomplished only through. readin’g‘,_,-_:itr .is' my opinion
T Y that many poor readers are as intelligent: ”_aos' r.good readers
and' may literally become more knoﬁvledgeahlké'« ‘tHan: .good
:eadets if they are permitted exposu‘re ‘to-‘gubject matter
t}irough a communication vehicle more sui‘.ted toi:itheir re=-

; /““‘eeptivenesss. The audio-tutorial system: ‘thus ‘provides an

s
© it q‘
\,

AP * opportﬁnif-y for subject matter to be cévered' iti"a great
R _“Variety of ways with the student-exploiting-that medium

CHRRs which communicates most directly and ‘effectively for him.
P+ "Finally  and most important of' the :leariiing activities and
=17 'situations.--The significance of- integfating ‘learning events
' was brought abruptly to dur attention by an accidental
e . positioning of -twé experimernts. Subject matter ‘from experi-
N “ffient A% was necesdary- for -uiiderstanding the:subject matter
& 0 of experiment ‘“BY. O Pér a-number of semesters:the students
7'~ - had had’'little or Hé“diffievléy of transferring information
+ 7 from-experiment “A® to éxperiment "B"..  One semester, however,
- I moticed that more students were having difficulty with
- this transfer of information. In tracing the possible causes
- for“the difficulty, it was discovered:that during the preced-
‘Ang gemesters experiment “A" and experfinent “B" had been
 gi€RINg in‘ciose ‘proximity. ~ Some-tiew materials inserted in
the course had forced the placing of experiment *B*" on the
~opposite side of a demonstration table from experiment “A%.
Although this distance was a little more than three feet, the
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Gl ‘duauociation j:n cpace resulted ‘m less studenta ‘beéing able
hen3 "”‘ﬁ:o '*e&msfer ‘in“ormation £rom éxpériment. "A* to expeyimeiit
40 MW Figtandl €6 reason ‘théri‘tiat 4f this.disasso¢iation
~‘°”ﬁ3,extended'1n spdce by an ‘evell‘greater ddstance; still
"t Tifewer students will be able {0 miKe the transfer of ‘informa-
tion.. “One can extrapolate furthet. and assume that if the
Gisassociation is not only in spade but in time; as well}’
ﬂf““‘“ Btill “Tess @tudents will be able to transfer the informatien.
+WHilé the proximity of positions of materidls is ‘Hot a very
o f.‘ inPéllectual'challenge. to a teacher, this exﬁeﬂéndé‘ has
0 EPled. to eméhésfié to us’that many of the studéfi€és* problems
v f' s ‘:‘afé not: cauaed ‘by. the difficulty- of subject TREeCdEftbut rather
;“c i by “tHégseé-reiatively simple factors. It staridd’td"fé€ason that
8 1 3 learning events.are to be’ complémentary and "edave some
xelationship. they - should Be ‘brought into étosé pPogimity
-and propafly ‘sequenced. - The "conventional dtru&ﬁﬁffﬂg of a
lectureu'recitation and laboratory ddés nmot také #ifs into
5 ,_ - donsideration but rather may expose 'd studsnt dnMéiday to
a4 lécture cdnceriiing a.:givén subjeck, “perhaps - on ‘Weénesday
“the student’ does experiiernts relatéd to-thit subjéét, on
( ;5““'F:iday a recitation will -involve theé“student: ini’gdm¥ exposure
1 ?5“ o the “subject ‘Snd then on Sunday nidht; la€e, 'th¢ -student
BT iimy vead on”this ‘subject’ from his texfi -~ THE audio<tutorial
"Sydtem permits the student to bring ail of thé&se learning
§ fly;Aw sxperiences into ‘an integrated .sequence sd-‘that edch learn-
‘ . R {righevént ‘may’ efifidnte or complement the ddjacent:ofés and
3 ﬂTii;thua resu¥t in“d synergistic effect. - One iidkt“Compare this
§ ~ “-“gﬁapalogously to an orchestra. Many musical -instfuniéits making
R 2,‘ gounds’’in a random fashich;“result.in hoise or cacophony;
“however, these same sounds,’ L€/ givén ‘timifg and ‘placed in an
fﬁfy, haippxopriate ‘Bequence or péidtionslip oné"to.ancther form a
obeirit  melodys | I'am suggéstiRdCthdt therz is a ‘melody.’'of learning
"""*":andf-'that teaching¥s)indééd, an -art. It is thé axt of
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Educet,i,on is.a science 80 that one nmst definewghe prcbl.en first

-t PRI

and then go about .logically developing 2 procedure whi.chl germite
student Lo engage in those aciivities which. xresult An. }.earp,ing, . Rt o

-y ’!JII

may req}u.r e.a tatal. restructuring of courdea and reorga_,ngzeglon dt‘
approaches.. Teaching :.is an art but the artistry comes no ,_&hr:cu -

,\'..‘ (t‘\’

the .use. QF - the teacner as a Commuu.u.uuivn ;:‘.ev‘ ca but raﬂ\etr %n h:l.e

£ T ..{;..:.

skill in determining chjectives and developing the materia}& 9an -
sequences which will enahle the students to achieve .those cb;'ective

in the most. eﬂﬁ:lgient a.nd.effective manner. Many of 8 £ind ':c%“ Rt
approach to education a. little. diffi,cnlt. 'rea,chers and educetore ot

RN

are-the most traditionrbound .group . ok indi.vidua;.s I kncw-‘ ';hie ey A
happened-in a-logical evolutionary sequence. -the explanation of " "
vhich i relatively sinple. In the days of Aristotle, the squrc” »
of information.was the schelay and.he was. the comunication vehicl\e\-_] "
It wvas logical-that contact between the, student and-the edncetor was,
thioudh.keoturing.. It is amazing.that. tany Qf us. still ‘teach in tn;s
fashion feeling. thét our contribution is to. expose to .the, student "
our; imowl.edge of the.subject matter,. -and many. peOple who want to be
coiné teachers do.so. merely becauge the 1ecture As, an, egc-:l.nf}.at;[.ng
device..:We f£ind it an .exhilarating: exgerience £o, stand before 500 .
pecple .and,to mystify; them, with our great. kngv;;,edge of a given‘ snp;-} .
ject.; .In¢this age ghere are mapy comunicati.?};z devices pore, eftect
ive thap;the hymanibeing.and. ego-inflation of pchp).ars is not 3. ke
worthy objective.for.an, educational, syst,emsh, we. lost sight of th ® .
bes:l.c purpose of educaty:‘londa _1ong time ago. When the situation was

such that there was one teacher and one student. the teécher ‘f&':ueed

vt e o )

on the individual needs of that particular student. but when the’
teacher had two students, the f0cu8 was changed ‘then “to the needs of

il SNAY] ] LS inovs
the teacher and the two stu dents mist’ then dsdembié’ at the cdhven‘ititce

$:~,',s ~,

of the teacher. Whenwthhe situation expanded ¥ invdlve 86 tuany M gtul
dents thot two teachers were necsss: vy, ‘one teachsy taen became -senior
and ‘a* tiew grbup of individuals with individual problems wes- evolved,
the aAniihistration. It is logical that: for administration_one-would.
select the #ost aggressive and most .gkillful .individual at problem
solving. = It is’ “Togical also that such an individual would solve tha

problems vhich were close at hand. Duxing:the years diverxgent ::

i




=12~
evolution has ogcurred £o produce a community of individuals who are
céncernéd with. problems of constructing buildings, obtainiag iunds.
etc’ and learning problems ‘are given lower prioxrity. -~ < . ,*’ "
With our administrators preoccuppied with these problems, only 1ip" .
service is given to ‘such mundane things as the “proximity of experi- ‘
mem: ‘up% and exveriment "“B*. Such- small insiqnificant items are -
cast aside in favor of the more challenging and interesting activit-
ies associated with the vast numbers .of students and big time - "' * 3
education. I would like to cite just one example- in support -of my
position. A ceftain university begins its semester with ‘the first -/
classes meeting at 11:30 AM on Wednesday. I challenge educators- i< .
at that institution and at any other institution to show me a cdu‘rs'e""
for which:good ‘pedagogy .dictates 11:30 on Wednesday as-the appro- ,
priate time to begin the.semester, I know of many courses,’ multiple
sectionr:courses. for which this timing clearly, is a‘disadvantage. - '5 "
uultiple sectioned courses which meet on Monday. viednesday and Frie
day wi‘.u,. have some sections which will have been exposed’bn’ Wednes-
day afternoon, Friday afternoon and other sections which Wwill nave
been exposed only on Friday so that the subsequent week's work will . i
: be totally out of synchrony. As'a result, both instructors and - (»; 4
students recognize the; imgossibility and impracticably of this »_; E
situation so that studepts do not. show up on Wednesday afternoon
and if. they did they. would find a sign on the door saying “No class
today, * For a11 practical purposes. it is imposaible to start- :
course -work until. Monday norning of the subsequent week. - B zf »

)
3
?
2
e{
§
i
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., Now I ask you if- good pedagogy does not dictate that classes '.'i.
; begin. at 11:30 on Wednesday what criteron then is used to establish
the starting time? :The’ answer is simply that this is an administx‘a-h
"tive convenience’and ‘that administrative convenience is taking pre-f -
* cedence dver souhd’ pedagogical procedure. This is mere] y e example
; and i€ ERTY permitted I could cite you many more. ! "

O

i N One more thought. It was suggested to me that ii one. wishes to
attract outstanding faculty to a University today, it is necessary 1
to provide ideal teaching conditions. I should like to ana].yze. 3
this statement for you. What is meant by outstanding faculty? R :
Outstanding faculty on most campuses are Nobel prize winners oL . (

2 s o e P Ll b
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those which have demonstrated competence in research activities. -
Secondly, what is meant by ideal.teaching.conditions? The answer
is, few hours in the classroom and highly gelected students who will
learn in spite of the instructor. It is a truth tnat we have cone
to the point where instructors consider it a pxomoti( m ‘when they are

given the best etudents Ln the university or nigh @chool.. I am sug-
cackine £A uhﬂ that +hin in nnt a nrofess ional attitude. Wﬁit‘WOQId

’v" WIS WW W wasww ™  wesmsw sww SS=T T &T TEEsEETmee

you think of a doctor who wished to take only those cases which
could be cured by merely dispensing aspirim Most of us would say
that this is non-professional, ‘and we would not want a doctor of
this kind. We want a .do¢tor who would like to concern hinself with
the hard-todget-well cages and those cdsesd which are c\allengi.ng.
If this be true, and teaching is a profesdioﬁ. a professional
attitude would demand that we too would find the hard-to~get-well
cases .mest challenging. Humbling as it may be, selfa-examinaé:lon
may ‘be in order for us to determine whether we really and Eruly . e
fulfill ‘oyr role in the qducational process. Are we succumbing ﬁ.o e
the ego-»:l.nfl dating exercises' which display our qreat knowledge .Of, .
the. sub ject mattexr, or are we ‘willing to accept that it is our
responsibiu\':y to provide the facilities. provide the guidance and
di rection, and provide mo*'j.vation to help students learn. Let us
be horiest’ with ourselves and true to our commitment. ST

Thank you very much.

6/i‘ﬁ66/£n
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Session A: PREPARING TEACHERS' FOR THT JUNIOR HICH SCHOOL -

s ¥
. ~ .

Cha:.rman Alfred D. Bec'k,.Teach'er of Science,' The Dalton School,

AR Waiee, Wil 144
et e NSV 20T Vivy

e d

L M

Panel: Isidore Bogen, Examiner, Board of Education, New York City

- Frances L B'éhhke, Instructor in Science Bducation, Teachers R
© "’ .College, Columbia University in the City of New York , Y

'John R. Logsdon, Science Teacher, Horace lamn School, New . _ ::
A .I_ork.; C ity

. Louis Teichnan, Principel, James Il Kieran Junior High
“School, Wew York City ' - R ‘
O T v, o . ;

e e

Isidore Bogen discussed the problem of preparing teachérs for the Jumior'* ' :
High School:from.the point of view.-of recruitment and gselection. Among the re~ A
cruitment, problems that are specific to science teachers in the Junior High
School, “he mentidned () general competition’ for persons trained im science,
(2) inddequate: training of those science persons available for teaching, .. ..
(3) difficulty of locating persons with "generalist" as opposed to "specialist®
training, and (4) difficulty of recruitmént-of science specialistswho have kept
up with recent ourriciular developments.::Teachers.must e gelected for knowledge
and for skill in both science and pedagogy. There is alsg the problem of mar-
ginal persons when the supply of teachers’ i§‘“inddequate. ' Among his suggestions’
for the future are eariy recruitment, examination:-of, requirements,..salary and
. working conditions, and pre-service and in-gervice training programs
Frances L. Behnke discussed problems which have arisen from the changing
nature of the curricula of the general science programs in the Junior High School,
and suggested concerted efforts to alleviate the contrasts existing in -the train- L,
ing of Junior High general science teachers. For example, the development of a E .
professional sequence of courses related specifically to the teaching of science 4
and improved college teaching. Recommended college courses would include be- .
havioral sciences, courses on the nature of learning and on the nature of science, 3
and training in the newer curricula, both in the updated content and in the re- y
directed philosophy. The Introductory Physical Science Project and the Earth
Science Curriculum Project incorporate teacher training programs into their plans.

John Logsdon discussed classroom procedures and included the follfw% re- ‘:
marks: WYhat a new teacher needs to know on the day that he meets that fipst ¥
clasg is how to develop mental activity. A good class meeting is one in which
ecach student is put on the defensive - forced to fall back on his basic life
experience in order to contribute effectively to class discussion. A thesis is ;
proposed by the teacher, an antithesis is forwarded by a student. The synthesis
of the two is achieved by developmental questioning and "stage directing" on the
part of the teacher. By exploring possible antitheses to the bitter end - that

$
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is, by having various members of the class criticize each other's contributions
on the basgis -of common:sense, experience, and text readings, a healthy spirit
of “intellectual competition can be maintained for the duration of the period. .-

-

.
~

.Louis Teichman presented the principal's view of what seemed neéded in pre-: .
-paration of Junior High School teachers, covering the following and other points:
Asguming that- junior high, .or intermediate, or middle school science will con-~
tinue to cover a range of science areas, ‘eachers will need training. in each of
the ‘major science disciplines. A full year each of college biology, chemlstryg

. physics, ‘end earth -sé¢ience seems minimal.:

Knowledge of the content areas is, by itself, sterile. The teacher must
understand science - its conceptual scheme, its wethods, its impact on technology
and society, its promise and its limitations. He must know the processes of.
sclent:.flc thought, so that he can use the bread and butter of facts to nour:.sh
a.pd deve10p orlt:.cal thlnk:mg.

{.The- teacher should ‘have somethmg to communicate. 'I‘his something-should-

- be. factual, -inspirational, ‘scientific; entertaining, up to date, applicable, and
appropriate. For this, the teacher needs a repertoire of techniques, methods,
and materials. Emphasis in methods courses should be on types of lessons, on
lesson planmng, on the art of questioning,.on means for el:.c:.t:mg and for _
developmg pupll part:l.c:l.pa.tlon, as well as on classroom routlnes. g R

| --; . 'The. prospective . aumor ‘high school teacher of science should be able %6

~oommun1ca.te, at .the level of his pupils feor understanding, and above their .
level for inspiration and growth.
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Sessmon B: PR-JPARING TEAGHDRS FOR TL‘CHNICAL SCHOOLS AND. JUNIOR COLLEGES B

. Chalrman. Nathan S. ‘Ia,shton, Professor of Education, Queens
L o College of the City Umverslty of New York

,‘-3 55 SO R N )
2 Pa.nel. -George Alterman, ‘Director of the:;Bvening.Division,
. ii B Queensborough Commun:.ty College..of the:City umverslty
oot oof ‘New York: :
ife i ‘Irving Allen Dodes, Professor of Mathematics and
Chairman of the Division of lMathematics and Science,
RIS I TR R R Kingsborough Community College, New York -Ci"’ty 4
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In his mtroductlon, Professor Hashton descrlbed the framework of educat:.on,
of which the community college is an integral part, and pointed up the functions
served by it.in our civilization, with the following remarks.

e -v

Jum.or or Commqm.ty Colleges came :mto existence in the twenties and thxrt:.es
primamly as terminal mstltutlons with the whajor function of training young people
“LESY ‘specéific vocations or seml-professmnal or technical jobs. A few students_ .
transferred to the four-year colleges. Today the numk:r of students transferring

' from community colleges to.four-year colleges. in increasing to the point where the

=.terminal funetion or vocational function is.now in the secondary position. Hence,
in many institutions, the first two years of instruction in junior or community .
colleges resembles the lower division in most liberul arts colleges. The role:of




the junior college becomes more difficult in that a minimum of two tracks may be
needed for a,lmost ea.ch type of curr:.culum.

. .. - - o ¢
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‘I'he hlghly' varled. and epeclahzed curriocula in the oommamty oollegee demand
technically trained teachers who also must have the know how of imparting informe-
tion to set the stage for learning to take place. Particularly in the teaching of
science, the junior college instructor can never be overprepared. Research in the
many areas: of -gcience :produce a quantity of knowledge ‘that: requires one to.devote
himself full time merely .to keep up with the advancement .of scientific information.
In addition, the instructor of .science in the community college is expecied . .io give
advice.-and .guidance.-to young adults who n:ed assistance in job selection. te-need
a dedicated scholar, technician, and most important a sympathetic teacher,.all-..
wrapped in an aura as a director of learning.- The training for this type of teacher
has not been fully designed as yet.
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George Alterman dlsouvsed the preparatlon of science teachers for two-yea:?* )
colleges, stating first that the role of science in the twosyear ool.lege ig deter—
mined by the multiple objectives of this type of institution. The science offerlnge
mus+t, .therefore, include {a) basic..science for training of “technical-personnel;

(b) general education.science for the non-science magor, and (c) eclence for ,poten-
tial.science and: engmeer:mg majors. ' : ¥ ~ : :

He further sald the ma,]or empha,81s of the fa,culty in these sclence coureesm’
must be on tea.chlng. The selection of faculty mist, therefore, be basecl upon "_”
(1) the ability to ‘communicate ideas, to guide the development ‘of understandmge and
the organizationiof inquiry, (2) knowledge of the principles, ideas and understand-
ings of the :spxcific discipline, and.(3) the ability to 1nst111 enthus:.a.sm and in-
spire curiosity. . L e s v

......

To process such an individual he proposes the following as a hypothetical model
of a Ph.D. program that will more adequately serve our objectives.

Undergraduate. A major in one science; a minor in a second; basic courses in
other sciénces .and mathematics through statistics and calculus; the usual tiberal
arts background 1nc1ud1ng basic courses in psychology, soclology, and logm.

Graduate. The course ‘equivalent of a master ) degree in one sc1enoe, one
full year course in a second science; statlstlcs, ‘history and philosophy of science;
psychological and sociological foundations of education and pedagogical .considera~-
tions as it reldtes to the teaching of science ‘and one discipline 'specifically.
For those who are not engaged in teaching - an apprentice:or intern program in a
two-year college; for those alrezdy 'beachlng - a program of intervisitations and
supervision.

For all. A thesis - one 'that‘employs all .the.valuable fea.tul*e‘s of a scientific
endeavor (but not necessarily involving original research) and "indicates stholarly
skill a.nd promlse rather tha.n one that contributes to human knowledge "

[ b
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Irvmg A Dodes dlscussed what .we wan'b :ui a oommum.ty college teacher ‘and -
,llsted the following four basic requlremente' ‘1) asuitable knouledge of CONTENT,
2) s 'satisfactory TEACHSR; 3) participation in collége ACTIVITLES; 4) & coibing~
tion of rare PERSONAL CHARACTERISTICS. Using slides for illustiation, Dodes ampYi-
f:.ed theee four categories. . S

\ - (" 4

ith the sllde on CON’I‘E‘NT he dleplayed the general couraes fwwr th the:n' bordering
subjects offered in Vew York City Community Colleges - such as Statistics,. Calculus,
etc., ‘under Hathematics; Botany, :Embryology, Anatomy, &tc., under Biology; Inor-
ganic, Organic and Physical Chemistry; Nuclear and Atomic Physios; -and the various
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technologies - and emphasized the need for the teacher to he able to "fill in" on
any course in their main field. ,

Uith the slide on TEACHING he explored a) an understanding of general educa~
tion as related to community college problems; b) certain essential pedagogical
theory; c) a certain amount of job skill in actual practice; and @) the out-of-
classroom teaching activities. He described examples and improvement techniques.

With the slide on ACTIVITIES he listed some of the areas such as Budget,
Syllabus, Curriculum, Space Planning, etc. in which the teache™ is expected to

participate.

Uith the last slide on PZRSONAL CHARACTERISTICS he lis.ed traits such as .
poise, tact, courtesy, patience, and good relationships ar essential for the suc-
cess of a community college teacher. :

AK¥e ¥ ¥ ¥ *

Discussion at- the end of the presentations cente” :d on the graduate training
offered by NSF institutes and other graduate courses :"at do not grant credit
towards a doctorate because of great variations in r quirements for transfer cre-
dit from institution to institution. A special type of docitorate for sciente
teaching or for teaching was suggested in which both depth and breadth would be

achieved.

In his closing comments Professor lashton stated that we need a nationwide
survey to determine curriculum and instructional developments in junior -colleges
to distinguish their unique problems from the four-year colleges. He said we also
need to take the recently proposed doctoral program by ABTS, implementing it for
use for this type of teacher as well as for supervisors in science education.

Session C: TPARING THACHERS FOR THI CULTURALLY DIPRIVED
Chairman: J. Darrell Barnard, Chairman of the Department of Science &
SRRV llathematics Zducation, New York University, New York City - . -°

John G L Tducation gnd_Chairﬁéﬁ;-;h
“of Netr York University's Project APZX, New York City e

.:{‘fkﬁ Roscoe Brovm, Professor of Zcucation, New York University{ : |
Virgil A. Cliff, Professor of ﬁducatioﬂ, NeW'York:UﬁiVQrsity,"'

: fl:pq@ardim. Henderson, Professor. of Iducation, New Yofﬁ Uﬁiﬁersityt,:

.sfa - Patricia C. Séxton, Professoréof E&ucation,-New'York'Unive;siﬁyi"‘

‘A1l four above on administrative staff of Project APE&i;—

e "_-"".' r' K
']_ﬁanél&\,John C.. Robertson, Professor of Secondary

PROJICT APIK¥ .
(A Program For. Ixcellence In Teaching)

e i S st T i T s

Project APEX is an experimental program at llew York University, School of
Bducation, sponsored by the U. S. Office of Economic Opportunity. I%s purpose is
to demonstrate that low income youths of promise but untapped potential can profit
measurably from experiemce in a special five year university program and that some,
perhaps all, can complete college and become teachers with specific competence to
educate children in depressed urban areas.
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Projact APEX differs from other kinds of coslege progf‘éms 'Por low-i.’noome
youth - in that the youth selected for the project usually would not be able to
gain admission to college. Project APEX aims tc serve some of the mdany youth ‘ind
disadvantaged areas who have the ability to benefit from college and have been t-'
overlooked by the traditional means of selection for college. R

An- important. contribution of the project will be the identificatiocn, use and
evaluation of criteria.that are different from those usually used in selecting col-
lege entrants from ‘the disadvantaged segment of the population. The selection will
. be based on the following criteria and information will be obtained through. inter-
33 vx.ews, taste and a.t'l 1tude, and adjustment scales.

1Y

: s : i
a) academ:c performance - position relative to other students in the general’
curriculum.

b) personal and social adjustment.
. 7..¢) demonstrated ability as a leader or participant in a group activity.

:d) -aspirations. . - \
-5 g ) commitment to a goal of service. C

:f) relationships.viith peers and family.

..',3 AN

.
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' Té sixty students in this program will be selected from two New York City
high schools vhich serve students from low-income neighborhoods. They will be
male graduates of the general curriculum and wili live near New York University in
housmg approved by the Un:wers:tty. The college program for tne fn.rst three years
_of the Pro;ect will involve both remech.a.tlon of the studen‘bsg aca.demc wea.lmesses
“and. mtroduct:.on -to"the.areas of knowledge usually covered Ain the’ ll.beral a.rts pro-
gram in the flrst two years of college.

"l‘he structure of the program will revolve around four basic core areas of

academic work. These are: 1) language arts and the humanities; 2) social sciences;
3 3) science; 4) mathematics.

In each areca the academic program will begin with the diagnosis of students!
specific strengths and weaknesses in each content area. The curriculum that is
developed.in each of the areas will be based on these.diagnoses and +“e rates at
vhich the students gain competence in the areas. Students' academic study will
be coordinated with work in a llork Study program which will mvolve part-time work
at Néw York" Unn.vere.:.ty. “Information about the students' a'btitudes, personal and
social adjustment, and their academic performance will be used to evaluate the Pro-
ject. Periodic assessments will be made to determine the extent to which the ob-
Jectwes of Pro,]ect APZX are beuxg ach:.evcd.

As an a.d;)unct 'bo Progect AP_.X, plans are being developed to recmlt an addi-
tional sixty young men from middle class backgrounds who will be trained in conjunc-
tion with the APEX piudents. ' These students will be academically able college
freshman who are committed to learning how to work and teach in dlsadvanta.ged areas.
Funds are being sought to support this part of the program.

1 *A Research Report on PROJECT APIX with a fuller discussion of aims and
' intentions can be found in THE IARYLAND TRACHER, Volume XXII, May 1965.




Session D: - THE SCIZNCE MBTHODS COURSE FOR SZCONDARY SCHOOLS - x Croan o nn

-Presiding:- Dr.;Johh,J.-Hontean, Associate Professor of Science
: .Bducation; University of Rochester, Rochester, New York

" Presentation of Questions: Dr. Matthew H. Bruce, Jr., Assistant
Professor of Science Education, Cornell Uhlverslty,
Ithaca, New York -

3‘Pahe}: Dr. Stephen S.‘"inter, Ass001ate Professor of Science
‘ ' _'“&ucatlon, State Unlverslty of New York at Buffalo, New York

v Dre Te Reglnald Porter,‘Assoclaxe Professor of 801ence e
Bducation,. University -of Iowa, Iowa City, lowa : SN

Dr., Ernest, Burkman, Associate Professor of Science Wducatlon
Florlda State University, Tallahassee, Florida

Dr. Leslle W Trowbridge, Assistant. Professor of Solence
» Wduoatlon, Colorado State College, Greeley, Colorado

Dr. Hllo K. Blecna, Professor of Science Education,
¢ University-of Arigona,. Tucson, Arizona; : :

:;',;--.‘. ‘. '

'yc;-Ten questmons vere edited from the report of a
..., meeting of science educators held at Skaneateles,
New York, in. June, 1965. Rach of the five
panelists were asked to respond to two of the
. ten questions, deallng w1th the sub-quee+tons
e - as well, . K T p

~
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RESPONSE: Dr. Stepb.en s. Winter .

ayt T T T T fron i : v . A :

Cnestlon 1: Uhere should the respon31b111ty for the 1nstruct1on in
sc;ence teachlng’methods res:a.de’P

CoL : ‘xau Can it be divided? S
. .y <+ . ":.. 'b.-that sort ofi person(s).should teach the oourse(s)’ S L.
PURNT ¥ .Ce How“cap more interaction be developed between those
: : - concerned - with methods~instruction:and/or.practioe s
teaching and those whose concern is with the
academic departments?
d. Can the laboratory phases of methods 1nstructicn . .
| best be taught by the academic d.epa.:‘*t;ment:s‘> o 'jﬂgh

<.
3 easle

T,

1T

‘“In try1ng this, that, and other thlngs in an attempi to develop a sat1sfeotory
methode oourse, I have conv1nced myself that there is what mlght'he called a . _l i
%heo etlcal aspect to’ methods, "For 1nstanoe, the student should know’ that a lec-‘

_ ~ture is and does, what its limitations are, ahd ‘how it can be organlzed for mexlmum.

"affect. He should and must know the’ characterlstlcs of a good dlsou831on, when %o
use 1t, ana when not. He should know varlous ways in which a demonstraoxon can be
“ueed, ‘for 1netance to 1n1t1ate a topic, to conflrm, to summarlzea He should alsp
know what characterlstlcs of a demonstratlon.are llkely to enhance 1te effectlveﬁeee
anﬂ:what cheracterlstlcs of a demonstration tend to meke it useless ae.a 1earn1ng
gxperience. e must know how to test, etc., eter

‘\. u-.i‘

Now these things a good teacher does 1mp1101t1y and naturally, a poor taacher
11RBW1ee performs them, inadequately ¥s 1n an unconsclous manner.‘ ConsequentLy, I

ER S
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feel that the person who teaches a methods course must not only be experienced -
but must alsc have the opportunity to think about methods and to analyze them.

This suggests that a college person from the education department would be more
likely to have had the interests needed for my concept of a good methods course.

At this level of concern, the academic area probably has little to offer exnept to
exemplify good use of their methods. ‘

In the laboratory phase, on the other hand, academic department has much to
offer because it is there ithat a student can gev insighy, into tne uoz_ens of rexpon-
gibilities that go into making a good student laboratory. The academic department .
can be of great help oy employing future teachers as laboratory assistants in posi-
tions where they can see the problem of setting up'a laboratory, ge ving materials

together, setting the stage for the student experiment,: etc.

Question 2:° What patterns of placing methods instruction in the sequence
of professicnal preparation are most effectlve for prospec-
tive science teachers?

a. How much relative time should,be devoted to methods
instruction?..

b. Where should:methods 1nstruct1on be placed with relation
to the clinical experience for optimum effectiveness?

c. Yhat role, if any, should the practice teaching experi-
ence have in evaluating methods students and courses®

d. YThat should be the role of personnel from the academic
departments in supervising practice teaching?

The kinds of concerns of -a methods course vhicii I mentioned in answer to the
last question must be presented before the student goes out to practice teach since
he must have this knowledge at his command. But it is less than half of the overall
concern with methods. There is the question of analyzing one's behavior -
excellent though it may be from a therretical point of view - in a live’' classroom.
This can take place only when the stuaent teacher is actually respon31b1e for car-
rying out instructions. S

Consequently I feel that a methods course mlght vell be divided into two parts.
A one-gemester two-credit course dealing with the theoretical aspects of teaching
which precedes student teaching! a one-credit seminar dealing with methods at the
same time that he student teaches. In the latter, then, he can see how methods must
be changed in response to student behavior as one conducts a full 45 or 50 minutes
lesson.

Both of these courses I see as being preparatory, 11m1ted, and in a sense
rather dogmatic. While the student learns to fashion a pattern of behaviox for
effective instruction, he is not yet concern with overall curriculum objectives and
broader philosophical and methodological concerns. He is still 1earn1ng to identify
his role in a predescrlbed context. But the good science teacher eventually met
move from this self;centered stage to the stage of cons1der1ng the science curr;cu~
1um as a vhole. This, in my experience, does not come until much later af'ter he™
has golved his initial personal concerns. ‘Consequently, I fesl that a second methods
course, perhaps under a more sophisticated title, is needed. In thls course, the
student can, evaluate his actions in relatior to full-year or full-program obaectlves,
rathe. than 'in ‘relation to tomorrow morning's lessons. I think that an attempt to
dc thle in' the initial methods course is largely unappreciated’ becanse +the studerit
is not yet £r#e enough from immediate concerns to make sense out of euch 1ong-range
ob19ct1ves.

. Regardlng the evaluatlcn of the siudent on the job, I feel that the maln
function of the supervisor is to ‘assess whether" ‘the school and clasaroom is”

R e et s et i ©
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satisfactory from the point of view of the university, and to assure that practice
teacher and teacher are working harmoniously. I feel that any direct assessment of
the student teacher by the supervisor is a very poor. procedure because it is the
supervisor's function to help this young person to develop into a good teacher.
Evaluation, at this poxnt, will tend to create a gap between the two as has been ex-
tensively discussed in the supervision literature. :

RESPONSE: Dr. T. Reginald Porter

Question 3: How can methodology taught:in the science teaching methods
course be made to reflect more accurately and at the same
time influence more effectively the actual classroom prac-
tices of science teaching?

a. How can we better exploit the potential to be found in. -
observation .of actual teaching as part of methods
instruction?
b. In what ways can practicing classroom teachers most
effectively“be brought into the methods instruction?
c. Is the current stress on teaching science as inquiry
tending to lose effect because it does not reflect the
major direction of actual practlce9
SIRE
The science methods course is most dpt to reflect actual classroom practices in
science teaching if it is taught in a secondary science room (or a reasonable fac-
simile) and each student has an opporturity to participate in some science lessons
(especially if the methods course is' taught before student teachiriz). If the m&thods
course is to have an influence on science teachers and their teaching, there should
be every possible opportunity for thée students to become familiar W1th reference
books, visval aids, special techniques and programs.

Observations of science teaching-are:modt effective if discussed candidly both
from a positive and negative point of view. <Nor is it necessary for studenté‘always
to observe good science teaching. 'Practicing classroom teachers will: be most effec-
tive as resourcs persons, consultants, and demonstration teachers., =~ - SR

In any event, if the true inquiry teaching approach is used, the actual practlce
-is not lost because it keeps pace.

Questlon 4: 1that role should the methods courses play in tralnlng prospectlve
‘ sclence teachers to teach science as inquiry? -

e Should the methods course be expected to develop th1s7
Should the science course sequence be expec ted to develop
this? Is it a joint responsibility, and if so, how can .
it best be coordinated?
b. Can specific techniques be developed for use'in'preparlng
R prospective science teachers for teachlng sclence as
I 1nqulry? T

- dri - ¢f What steps can be taken in methods lnstruvtlon to eva—
R luaté the sthdent's possession of this ability? '

d. Is thi® aspect of the methods instruction already emphas
At emphasizeéd heavily, with no real evaluative criterion-
S TR upon which to base the emphasis?

The soieﬁoe metho&s course will have to take the leadership in showing prospeo-
tive science teachers ways to teach science as inquiry because most college or




univexsity courses are service courses ancl not plannea to.be ta.ught in a-fspeoi-fic

. ,4'

By example, speclf‘rc f:echmques ‘can be set up to 111us'hra£e Tways ‘of tea.ch:.ng
science as inquiry. It will be dxff:.cult to evaluate a studénﬁ's ability to teach
—in this way, ‘but it is possible. If the gtudent is assigned (or chooses{ a speclfic

topic to develop and teach by the inquiry approach, his progress and results can
be evaluated.

e cannot really "teach how to teach.” 'le can only provide good examples.of .
teaching and make resource materials available. The individual will formulate his
own approagh and ph;l-}OSOphy as he teaches .because teaching is a creative activity.

bz v oets oo -
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RESPONSE: Dr. ZTrnest Burkman o ~ -

2 Question 5: How can students in ff;ie'-‘méthods courses best be evaluated?
' How can the courses ‘theniselves be evaluated?

a. How can we best determine whether the student has
~developed a consistent and logical, model of the
3 . -mayner. in vhich learning takes place in scieance?
i . b. What. pract1ca1 means -can ve.employ to insure that
; there iz a ccni::l.lfm.oushr reliable feedback from
teachers to methods instructors regarding what
theuz .courses .do, dc,,not do, or should do"

'l‘he basac questa,pn ,uo Joe answered by d;he evalua.tlon of courses 1n wh:.ch methods
cf sclence teachlng are.dealt with is: "How:well has the student integrated all of
th.e, knowledge and . slg;}ls he, has learned. into operational terms?'  In short:. "In -,
what way does the 1nda.vs.d,ual perform dlffq;}ently as -a teacher as a result of the
i ingtruction which he or she has received?', : ‘

.. If one views the evaluation problem . in. these .terms it.means that we must some-
: how measure both the specifics of the skills, and knowledge which we hope we are con:-
3 veying, and good teaching performance as wegll. At Florida.State University we are
“ attempting to evolve an evaluative scheme which takes into account both of--these v :i

kinds of measures.
343

E An a.ttempt has been made to 1dent1fy the sgec:.f:.o ska.lls whlch a: teacher of bio-
logy, chemistry, physics, or junior high school science should be able to perform.
' These.include such- things as making up solutions of: different types, ability te con-
3 nect up correctly and read a voltmeter, ability to carry.out.certain photographic
3 skills, ability to use an overhead projector effectively, pr>servation methods for
"5 biological spcinens, maintaining cultures of living organisms, etc. To evaluate
3 whether or not the student possesses euch speclﬁc skllls, we simply ask him or her
to perform them at*the end of the Yourse.

1 The, faculty of the Florida State Umversny Department of Science Iducation has
"~ devised separate; check lists. for -eacn.of the sciences and these are being expanded as
we include other kinds of skills and techniques. Xnowledge of specific content is
handled by objective and-.gubjective examinations of a fairly traditional sort. Each
student is expected to:be familiar, with the specifics of the organization of the
various. ney curncula, the, general aspects of the theories of such men as Piaget,
Bruner, Gagne, etc., principles involved in orgamzmg teaching laboratories, etc.

The problem of checking the’ students® ability to’ incorpcx‘ate specific skills

and techniques mto a teachmg s:.tua.t:.on is a more, d:.ff:.cult one to handle. At this
SR HEH o X SR TE S S ?
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point, the best approach seems to be that of utilizing systematic classroom obsérva-
tions. The staff is currently at work on developing a scale, patterned after the
Flanders approach in interaction analysis. When developed the scale will differ
from the Flanders scheme in that it will include other aspects of teacher behavior
then the verbal, and will deal specifically with those aspects of teaching which are
somevhat peculiar to science, . __ : e e aen

——a—n s o — At . Wwe

vhen this scale becomes available in polished form we plan to observe all
prospective teachers in classroom situations looking particularly for evidence that

the methods course has affected teaching pariormance in a pogitive manner. Some

work of this sort is going on presently with preliminzry scales, particularly in the
area of elementary gCience. il e e

@ mes woee v
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Question 6: Relationship of the methods course to other facets of the:
professional sequence.. What proportion of the professional
sequence should be given-over—to-special methods
instruction?

The experience of the group at Florida State University has led to a situation
in which the amount of general professional education work required of the under-
graduate has been drastically reduced, and the special methods portion of the se-
quence has increased greatly. At the present time, more than two-thirds of all of
the professional work taken by the prospective science teacher is taught and con- -
trolled by the Department of Science Education.

The basic belief which led to this situation is that there is a special history,

philosophy, psthology, and social basis for science teaching and that general treat-

ments of educational psychology, etc.; do not provide the kind of training reguired.
ile have found, for example, that upper class gstudents coming to us have never heard
of Piaget despite the fact that they have typically taken one or more courses in
educational pgychology. Since Piageiian concepis are obviously of interest:to those
concerned with science teaching, we find it necessary 1o teach "Science Educational
Psychology" &s & part of our methods courses. e have found thiz r.nevral situation
to be increasingly true over the years and have:rattempted to create courses in which

psychology, sociology, measurement, etc., are incorporated into the science education

sequence and integrated with those topics which are purely special in nature. The
key premises in this way of looking at the relationship of the methods course to the
remainder of the professional sequence are: '

A. There should be considerable reduction in the number of gzeneral profes-
sional courses and that much of the material presently dealt with in
these courses should be incorporated into a "package" with a subject
matter core. )

B. To_relate as_much, of the content of the special methods course (as
expanded to include the general topics alluded to above) as possible
directly to teaching. This leads to the inclusion of heavy doses of. ©
gystematic observation and participation in classroom situations. o

To carry out a program of the sort outlined above, obviously requires time. -
Furthermore, such a program requires large blocks of time since it is necessary for
the student to spend consecutive hours in the laboratory, teaching situation, etc.
The Florida State University group has solved the time problem by setting aside one
full six-veek period during which the student takes nothing but science:education
work. The instructor of this course is free to arrange flexihle scliedules to in-
clude teaching practice at the University High School, reading in the content which
appropriate, previewing of appropriate films at the University film center, anc
working in the laboratory on teaching experiments and demonstrations, etc.

v
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.The basic pattern has been considered as suecessiul bytall concerned althosugh
we do not have hard data to prove the point. As more and more information beogqriss
qvallable we plan to continue the rather substantial modifications which we have
begun to date.. L D e

RESPONSE: Dr. Leslie Y. Trowbridge. Crerd

T re i .
- Is thc Vv“;v .? c“nl soisnne mn-l-hnﬂu oonnea . anonmmnﬂrmt

all ‘sciences and.levels of secondary science teachlng qu?
, adequate for both Junior high school and subJect area a
specialty teachers° L

Gemd o g, Do we dowhgrade junior high school science teachlng
vy default in emphasizing special preparation in
the special subject.area?

b. Is there really any identifiable dzfzerence betueen
the prenaratlan approprlate for junior high school
science teachers and senior high school science

- teachers°

1 believe the~genera1 science methods course encompasslng all sciences and
levels of seoondat'y science teachirig is rapidly becoming out of date - if ever 1t
was adequate for the task. The practitioners of science isaching in junior’ and:?
genior high schools are specialists in their respective fields. .Progpective teachers
in these .fields deserve the greatest possible attention to the problems and methods
_.Which are approprlate for their specialty. .

Development of the new courses in physics, chemistry, blology, “earth sclence

and general science increases the need for special methods ‘courses. 'hile 1t_1s true
that many similarities in philosophy and approach exist among ‘the new courses,‘the
faot remains that methods students cannot grasp the full 1mplxéatlon§ of these :
courses with superficial treatment. It is not sufficient merely to ﬁame the nev - 3
éurriculum projects, display some of their materials, and discuss some of %helr conm- p
mon goals. Students must have opportunities to work w1€h theé materlals, do represen- 3
tative problems and experlments, write some of the ‘tests, and observe hlgh schcol
studeénts at ‘'work-in these courses. Only in this way will they be able ‘to say,'when
interviewed for a job, "Yes, I am able to teach PSSC phy31cS" - or BSCS biology -
or whatever the superintendent is looking for. 3

The next.few, years are likely to show a change in the preparation of science
teachers. I do believe the NSE is gradually going to get out of the business of re-
training experienced sc1ence_teachers. It will be up to the cclleges and univer-
sities to modify their programs in such a way as to prepare teachers to teach the 3§
- present new gcourses or otherg which will develop in the future, as part of thezr E
Lrﬂe“g*nauate programs. Please note outline attached herein. e

.7 “Phere ‘is’ nothing in the subaect matter of the new courses which is not capable :
of belng taught by up-to-date academic departments. The undergraduate teachlng'map 3
jors :in physics, chemistry, blology, etc, will be prepared adequatelj to teach the q
apprbprlate subject matter. It is vitally necessary that the profess:onal edndation ]
of the prospective teachers be upgraded accordingly. ' The methods course wh1ch is re- 3
quired for c¢ertification must glve sufficient time to phllosbphy, materials, and

obJeotlves of the modern science ‘courses to make the student truly competent to teach )
thém. ~This can only be ‘done in a specizl methods course. ) §

I might add that it is hlghly'lmportant that prospectlve sclence teachers get ;
the opportun1ty to practice te&¢h in one of the new courses as a followaup to the
typé’ of ‘methods Gourse described’ above. It is quite likely that unless thi's°
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opportunity is afforded, the emphasis on new curriculum developments in the epec1a1
methods .course will be largely wasted.

3
=
3
:
3
3

Apart from the emphasis on the new courses, which may be an arguable point for
many of you, the special methods course offers an additional advantzge. This is '
with respect to the background preparation and competencies of the methods instruc-
tor. It is a rare person, in my opinion, who is adequately prepared both from the
standpoint of training and experience, to do justice to all the sciences in one
methods class. Yhile it may not be pcselble in a given situation to prcv1de a
methods instructor for each discipline, certain judicious groupings can be made,
such as physical sciences, biological sciences, earth sciences, and junior high
school sciences. At Colorado State College, provision is made at present for separ-
ate metbods courses in the first three of these areas. These are one-quarter courses
carrying three quarter hours of credit. Dnrollments range from five to twenty
students per quarter.

AL MRS A L SR

i ith reference to subhead (a) of the queet1on, I would reply that we probably

| downgrade it more'by not providing a special methods course for the junior high
school teacher. ~Junior high school teachers and the junior high school program in
general have sufféred for many years by the absence of identification, exprit de
corps, and a clear sense of responsibility for this level of science teaching. I
think there is no single effort that could have a more unifying and salutary effect
than a. well—taught methods course d931gned specifically for the prospective junior
high school teacher. : : :

- ¥ith refzrence to subhead- (b) of the question, I interpret this to mean dif-
ference in methods of teaching and professional training. T think it is obvious
there are differences in subject matter background. I believe there are differénces.
The impact of new programs at the junior high level is beginning to be felt. . In-.
creaeed emphasis on inquiry, investigation, and laboratory experiences demands
‘teachers whp are alert to the manifold opportunities here. The junior high school
science program is gaining prestige as courses become more clearly delineated and
responeibllltles within the framework of the total science program become betier
‘1dent1f1ed. Differences in age level, maturity, mathematics background, motivation,

‘energy, and interests combine to make the ‘Junior high school group unique in the
school system. It has been a neglected group. Junior high teachers have not been
a coheelve group. It is time a sense of unity and purpose was developed in order..
that this very important level of science teaching be strengthened. The special
methods course can help do this.

© Question 8: .1hat should be the role of demonstration teaching in
- - the methods class? ‘Yho should do it - instructor,
etudents, practicing experlenced teachers¢

I be11eve there should be not only demonstration teaching but actual "contrived"
teaching and "capsule'" teaching by students in the methods clags. . I.am a. firm he=
liever in the maxim, "Learning by participation.” I do not see how one can learn as
complex an art as teaching merely be watchlng, reading, and ligtening. It is true
we provide a practice teachlng requlrement WhICh may follow the methods course, but
the first tentative dips into the "cold water" of teachlng should be made in the

_ methods class. In this situation, the duration is shorter, the control is firmer,
and the feedback is, immediate. Other students in the class can play the ‘role. of

. puplls, .comments and veacticns can be solicited, and a fruitful crltxque session
can be held immediately foliowing the teaching. If tactfully handled, this can be
the most effective learnlng situation in the entire methods course.

Demonstratlon teachlng by the instructor or practicing e: rperienced teachers is
certainly to ‘be de51red. Such occurrences should be, bullt eround 8p301f10 types of
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classroom sitpapiqpphguch_as“hangling,a«g;sciplin,prqblem, antroducing a unit,
initiating a discussiod, or heginning'a, lahoraiory experiment. Use of the micro-
teaching technique, émploying small ‘groups .of pupils and focussed on short-range
objectives, is to be encouraged. Closed circuit television, using live or taped
lessons Trom high gchpgldg;asses,in progress should be incorporated into the plans.
Films, film strips, fépea;iand,oﬁber,audié%Visual aids .should be employed. But
actual participation - rumning the gamut from lesson planning to teaching to evalu-
aticn and critique should be the privilege of all prospective science teachers in
theﬁméthodg_élggses;' ER o | \ TP
RESFONSB: .Dr.'Milo K. Blecha

[T .. ';. o

~Question 9: Hoy can we best selec’t personz for evenjual admission .
""" in¥o practice teaching? . ' T ST

-
.

AT . & Vhat is the role of perzonai’ty factors in the.teacher's. ..
capacity for teaching science effectively, and 'how can

3 this be dealt with in the methods course?

4 b. hat part of methods instruction should be devoted to
encouragement of creativity and the ability to recog-
nize it in children? .

c. What stress should be placed on innovation in the
preparation of the science teacher?

- This reporter in his search for information concerning this question found

A practically nothing in the revici of educational research. However an assessment
of what is available would seem to indicate that some common gscreening practices
come to the forefront more than others. These mainly include:

3 a. Screening all candidates prior to student teaching for speech deficiencies.
These tests are usually administered by the speech departments.

b. In many colleges, students are asked to take and pass an English profi.
ciency test.

] c. Although less reliable, some uchools administer personality tests to students
< before they enter student teaching. Such personality traits which reflect people
orientation, teacher warmth, and intrinsic motivation rate high on this scale.

3 d. Better subject preparation with a grade of 'C" or 3" are being required in
g many schools because studies continue to reveal the lack of adequate preparation in

9 . . content areas.

e. Perhaps the most difficult area to assess is that of psychological maturity.
3 /hen emotional physical and psychological difficulties are suspected which might
b impede teacher effectiveness, a screening board should be asked to make a final

decision.

Finally, it must be pointed out that teacher competence iz an elusive tomplex
that seems to defy the gross measures of analysis. Perhaps there is a dire need to
develop, with the aid of NSF funds, a theoretical framework which would clearly
establish strategies for teacher preparation and the measurement of therni.
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‘Question 10: " Are modern methods courses and conient ﬁiepératicn ;
planned and designed in terms of what we know about L
adolescent behavior? '

-~ .o
7 y

In science we seem to be so preoccupied with science phenomeﬁa thaé\there'ié
a gcod chance we may have lost sight of the learner which in turn could bring

4 oAl ~hd A dran Ba 104871 $ha
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graduates in science teaching than in 1950. Modern science curriculd was devel-
oped without educational objectives formulated beforechand. Much of this material
is based on learning theories that have been demonstrated to be untenable.

In content new curricula are designed primarily for the college bound student
who has demonstrated an interest in science as a career.

Most promising of the recent immovations seems to be the switch away From
rote learning to the stressing of skills and the processes of science. Much more
emphasis needs to be focused on the learner and how science literacy can be incul-
cated in-youth. : :

. ' '
§ ‘ ot
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GUIDELINES FOR THE DOCTORATE IN . . ;.
SCIENCE EDUCATION . oy
April 1, 1966

With Che advent of large-scale secondary school curriculum projecto,
the growth of NDEA support, and the receat activity in science curriculum
improvement at the e1ementary school and college levels, the need ror
strong leadership in all aspects of science instruction has become apparent.
To date leadership has come from many sources, including acientists in
academic departments as well as s¢ience educators. Nevertheless, the only
acknowledged and long-term sources of  persons. explicitly trained to provide

_ continuing leadership in pre-college science instruction are the many doc-

toral .programs in science education.’ Many universities are now in the pro-
cess of modifying their programs in this field or of establishing new ones.
The task of designing suitable doctoral programs in science educatiom has
been made difficult by the absence of accepted guidlinas. Hence, at: the
present time there is wide variation in content and quality among programs
leading to the doctorate in science education, .

The Association for the Education of Tcachers in Science is committed
to the improvement of science curricula and of program for teacher education
and, consequently, it is directly concerred with standards for doctoral study
in science education. Therefore, in March 1964 the president of ABIS, acting
in accordance with recommendations of the Executive Board, appointed a com-
mittee to identify the essential common elewmznte of doctoral programs in
science education, The resulting committee report was presented -to the
membership at the Mhrch 1965 annual meeting. A modified report vas then
circulated widely to persons directly concerrned with science education, and
their criticisms were sought. The comnittee has considered ell responses

....

carefully in preparing this final document. .

The program omtlined below represents the thoughtful and informed
reaponse of this committee to the charge given it. Nevertheless, the re-
port should be clearly underptood to be not a mandate but a_guide, . The
intent was to provid (1) a standard which universities could use to evale

-------
.

b2 made, and (2) a model'which universities could refer to when tryins to
decide wi:ather ot not to inatitute a doctoral progrmm.in.scigyce education,
and which in tlc afficmative case, could be used as a guide to the design of

the program,

PRUSCTON
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Mauy institﬁtion;f;my wish to initi te or sustain a program which demande
woze of the candidate; however ¥t is"'doubifulthat'kny institution should
long permit itself to have standakds lowet than-those suggested here.

The report is divided into four: sections: the first discusses the
occupational niches for which doctoral programs in science education can
be’ expected to prepare candidates, the second deals with the prerequisites

: for admission’into such programs, the third descriﬂgs the model prograuxit-
% g TR .L..‘. .1
self, and ‘the final section prvsents some of the rPcionale undergirding

.
..Ut . .. ai ..-n.".—--" . u\"i'

‘various features of the program.
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sulvevIt is ‘manifestly’clear that theré-are>séveridl functions commdnly pers
formed by peérsons designated as-"science-éducators." Thesce may be orxganized
; -into - three categories, each’of which delinéates (albeit with some over1ag)
.a-kind.of-récoghized position,: These ave: - =4 A L
51 awen I Thercollege or university science éducator: '
: .This person usually finds himself doifig seve¥al, 'and some~" : -+ -
ﬁ x: r,times:-all, ~of ' the following: teaching:sciencé methods '
| courses, supervising student teaching in .science, direct-
:» ting .or supervising aad'or .teaching in-service training’' --
i 1:...:hrograms forusécience:teachérs, partféipaiing in locdl,” '~ T .
v.o.. sstateior national acience éurriculum projects, ‘consulting:!

I ATy

with achools or:school systems on'science ingfructiom, - ' - o
r -ahalyzing:research forﬂirs'relevanceﬂto'sciénce-instructﬁo'f~”’ LR
> . guiding-the study of graduate stddents in-science edddatidn, * “vi--

¥

u'and-carryiag on'Yesearch, - .--.07 ¥ ° - L. i JRUIEE INRART MRV

. . .
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* The supervisor, coordinator, or director of
By

o scfence instruction in'a school system at local county,'

. . .t N -
31- .‘_,f:".'-..," e,

4 - gtate, ‘0¥ national levéls of responsibility. fhe work

usually involves the design and’ implementation of science V
33 ptoﬁrams, ‘the provision of sérvices and materiais L3'5a311-
* {fite the work of science teachers, and liaison’between ' e

,; YY) .--ng > r] [ TS 2“\"’ Eﬂ.(\l':

'science*teacﬁErs an&“ieaders in the schools "and persons in
, -p “ra-. DN i:.. HOPEN Greesiein
: ¥ " other” agencies concerned with ‘scierice instructi%n. Classroom '

o olet DL, - "':
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* science teachin0 at pre-college Ievels ‘is sometimes involved

vt

f ' dg 1 the teaching “of occasional science education.courses

1503 i hediby ‘universities ‘or extension division ceuters.”
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IiI. The research.specialist on programs of science
~instruction., Like the science educator in Category I, a
. person in this category is usually located at a universitys
however- unlike the teacher or practitioner the focus of his
attention is on, and the bulk of his time and energy is de-
voted to, research and the guidance of others in research on
aspects of science instruction, He may also have scme of the
duties listed in Category I. .

. . It should be noted that the category "teacher of college-level science"
.18, 00t -among the functions in this list, despite the fact that, at the pre-
sent time, some persons trained as science educators devote most or.all of
their time to the teaching of science rather than to methods of -teaching.

science€, to supervised practice, or to research in science education.

The committee felt that the proper trainino for a college science teacher

or & research scientist should be quite different from that for a science
" lddusater and felt that responsibility for the' training program of sciencé

professors must reside with sciedtiste and their professiénal'éocietieé;’

Therdfo¢s,; “the discussion that follows focuses on doctoral programs whose

»

purpose is to prepare*téachers,“practitiohers, and research specialists *’
in sdience education, - - e e
NS F28 .r
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General Admission Standards. These should be not less than those

t ygquired ‘For: ‘admission t6 the graduate school of arts and sciénces at the
same “institution by whatever measurements ‘are ordinarily used. THAE is')"
'GRE scores or GPA or otheér'‘devices used in making admission decisions
*: ‘thiroughout ‘the university should also be applied-to décisions about those
:geeking ‘admission -to the doctoral program ia science ‘education.

’Age; " For candidatesin Categories‘T and II; ‘the -doctorate showld -
normally be completed before age 39, even though timé ‘is needed for gaiﬁ%ng
actual ‘experience in school teaching and for obtaining .an up-to-date know-

- ledge of a science béfore embarking on a doctoral program. In gemeral,
cardidates for doctorate degrees in science education should be given less
and less encouragement to undertake a program if the projected completion
date would take them past that age. Those persons who expect to devote
their energy to science education research that is, those in Category III,
should be encouraged to complete the degree before the age of 30. The max-
imum starting age should be adjusted accordingly. This recommendation can
be met only if there is a concomitant 2mphasis on early identification of,

and ample fimancial support for, potential ‘candidates.
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Mathematics. Because science' is so cloijely wélated to and dependent

upon mathematics, it is necessary theat workers in the field bf science
education have an adequate background in mathematics.,” It is recommended
that, bafore beginning a doctoral program, a candidate should have ‘&t

least one ye'ar' of college methematics, preferably'calculus. e

Classroom Experience, ' Persons entering programs: leading to positions

of types I and II should have two tc four years of t'éa'éhing experience in .
elemenatry and/gr secondary school, but longer classroom experience in-
crezses’ the tandidates's age without adding coni;iéné:é'fihg insights, For

- thoge- going into research one or two years of éxperience mai be sufficient,
and’ nct muéh more: than this should be encouriged so that the” candidate can
compléte iy’ dwt‘ét‘al wor“k at an early age. isd o Eend

3 W
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THE DOCTORAL PROGRAM

R SVEIEE R : P R T R
~ .The fnllowing statements indiczte ,.g:he,.gmgj.n features. of an acceptable
program leading. to a doctorate in.science education. Vote:that the details
&I}a implementgtion are left. to the individuval. uaiversities. ... .. . .:.-u
.-l . Depth in.science, At the. time, of:completisn of: the doctoral pro-
gram the gg,gglgtdatg;;.sl?.qulg-; have. the equivalent, of a contemperary mastex!s.

degree in an arez of science, This means thit if he earned a: master’s: ::.
degree in an area of science some years czarlier, he should, during the period
of his doctoral studies, take enbitii: additidnal’ éi:aduéte courses to bring him-

self up to date, oo S TRUITRTIRNTS SR ¥y 10 TR TS S N1

ow m--.\

.i; 2. Breadth iz science, ' Fox.Catggories I. and II -the, program showld in-
sure; that tiie candidate hgg. at, least a-ope-year course with laboratory-in
each of -the usual.schogl sciengesg; namely, biology, -chendstxy, physics and
earth science. While; this.requirement. pay in miny cases.be fulfilled. priorx
to admission.to the,doctoral proguamy courses or other means should be:used
to insure that the .candidate is knowledgeable about mpdern content and em-
phasis in these basic areas, R R N

3. History and/or philosophy of science. While ideally :g :fullvyear

course in each of these two subjects might be desired,. thexeiare many.prac-
.tical difficulties in fitting them into a2 program. .Howaver, -:the .candidste
should:bs expected to complete nc less than a year's study -in.one oy.the:
other-of;.these sybjects;, a year of study divided between:them; :otia-year:.
courzg encompassing both.: ... - . R 3 T SRR ST X LI £
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h. Science education. By whatever means,'tne candidate ‘should
become well informed about past advances in science education and reach
the forefront of curricular and other developments in this field, An ad-
vanced course or substartial seminar should be the ninimum, but a large

number of courses in science education should not be required

5. Pszchologicalz sociological and gnilosoghical'fodndations of

b 'Y

education. An advanced course or seuﬁnar based on each of these dis-
ciplia d, 'The candi hould have en up-to-date i
knowledge of role orientatlon, group dynamics, child development, cogni-
tive and personallty psychology and of “the school as a social institution.
6. Statistics. No less than one full year of study which would carry

LOB L
the student through experimental desxgn and covarient analysis PF the equi-

valent should be required A knowledge of some computer teéhniques-would
be desirable. Category 111 cand1dates should be expected to acqulre the f
more advanced statistical skills.

"=7;’ Mathematics. Candidates should take one year of college mathema-

tics in addition to the year required for admissionm. This should be cal-
culus unless the candidate has already taken it.

”8, Dissertation. A dissertation should be required so that the cen-

dldate can demonstrate his capability to plan and carry out a significant
_independent study.  While the study should be restricted in scope so that
the candidate can complete the dissertation in a yeasonable time, it should
nevertheless be significant enough and of such quality that it can serve as
_the basis for a report to the professioan. The report will ordinarily take
the form of a paper dellvercd at a conference, a published article, or.pre-

—-———— = =A%

Qm Professional involvement, Durlng his period of residency the

candidate.should be actively engaged in experiences pointing directly. to-
wardﬁpis careerﬁgoal, Por example, with counsel and criticism of his per-
£orphnce by staf@.members in science education he might teach portions of
a methods course or participate in supervision, of. science teachers.

.19, Research involvement. During his. residency the candidate should

be involved in some aspect of reseagcnrln‘sclence education. This is.to
,be erpected especially of those candidates who are not going to be p.i~. .
marily research workers, In order to meet this standard the institutiog, .
nust have adeqnate researcbxfacilities and sujtably staffed on-going res

search activities, including research in science education,

o T
SN .
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11. Doctoral committee. The doctoral committee which supervises the
work of 2 candidate in science education should contain reptesentatives
from relevant academic areas (science disciplines, psychology, statistics,
ete.) and from education. History and/ox philosophy of science are accepted

as appropriate discipliness ‘ ‘ e
12. ggsidency. '.l‘he program should require at least two years, pre~

es wn . e -

s Menon SLPAAP nf VL -

ferabiy consecutive, ot zuu-ume'resz.oency. in some cases one year o xe
sidency obtained during a recently completed master ts degree progrém fm} be
included but in no case should a candidate be permitted to obtain the

doctor's degree without Spending one academic year in full-time residence

4 _ on campus. B - :
" _ . 13 Time limitation. The requirements listed above can form a uni-
_ B fied end putposeful program of study oiily if they are cempleted over a re-

latively short period of time. For candidates in Categories l‘. and II, the

- NP <]

interval from admission to completion of the program should not exceed
b2 seven years, while for candidates in Category I1II the interval shoulo not

e .....-.-, . PR

exceed five years.

3 _ ‘RATIONALE - S

‘A' cotiplete argument fh behalf of each feature of the-modet- program
Just buttined cannot' be given here. However, a’ ‘brief statement of the
Fssumptions made ‘#hd’ the''reasoning involved may do since it has been' shown
+!i¥1gewhere that the science education profession accepts such a program 1'1

.
et T Sl . ‘_‘::‘; N . ?.!o

, - pFinciple. a
! Ithe“ niimbers’ identifying"the following statements refer to the similarly
fiumbered featurés' I'of' the model'in’ the preceding section.” oo
1. The future of science instruction in the elementaty and secondary

schools: will be’ best served by the continuous and- eeoperative efforts of
gelence  éducators and scientists working together on problems of teacher

‘# ~‘préparation and ot science curriculum, It is” important, therefore, that
seience educators have a sufficiently deep’ Rnowledge 0f sciencé based on'

¢ TRV -]

advanced study in ssome field of scienmcej similarly, of course, ‘geiéntists
3 who agree to work in the realm of science -edbcation-dught to b& exp‘ected
:; to' acquire more than superficiai knowledge of ‘edu¢ational theory and
' ' practice. Given this agiderablé overldp {n their - training, the” ecientist
. and’ the® science educatbr can-discuss problems” of curriculum and’ science -
3 {nstruction for ‘the eléméhtary and secondary schools on a basis of mutual

respect and support.
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2. In-addition :to having some depth ‘it a-single science, a science
educator”must ng;ompetent enough to hélp secience teachers in biology; °
chemistry, pﬁyﬁics,iand"the earth sciences: He must have a minitum
. competence in these fields,” The committee feels that for Categories 1°
and {II its recommendation here is an absolute minimum, and a second -
year of study.iin each of the fields would be highly desirable: :- 7.:: «

‘3. Work.in curriculum design requires that science be -seen in‘ ‘1
perspective ané understood in both its historical and contemporary
aspects. ‘An:understanding of the history and philosophy of science
is essential to the development of such persmective.: N oL e

44, A 8cience ‘educator can hardis:-be..competent unless he is awars
of -the  current:‘developments in his ficld.:Science imstructiow has been
radically altered in the past decade by a series of events and develop-
ments.: :-Whether he is teaching undergraduates, supervising prdspective
-seience teachers, working in the graduate program, or whether he is:.
employed: as-a science education expert by a local school district, a
science educator must be familiar with current curriculum developments
and he mmst.ﬁhﬂégéééndhthy-pﬁilosdphyfwhich gave rise to their -develicp-
ment, Furthermore,:he ‘should be well acquainted with the current re=:i"
' .search in science‘education' and’ understand the  trends znd issues of
.science instructiocii-at: the/ present time.

5y .The specialist in science education is also an educator. He °
. sust be lable. to commurifcate’ effectively in'the field' of profesdiotial: '3
education, as well as in s ‘field of science. Improvenment in sciendeV
instruction, as in all education, calls for an understanding of the "
sociological: and psycholofical factdrs involved in learning.' ' The
scierice” éducator neéds to have a cuitable ‘mastery of the problems'*™>-
of curriculum 'develorment and supervision. He should be cohpeterit
- to a degree.which i1l permit him to make contributions to general '’
educational theory, He should not: be insulated from the general pio-
blems of education in other :académic aréas: o ' oo

5. Every science educator should have command of statistical
theory which will permit him to lnterpret and to evaluate current
regeaxrch. Those in Categories I and 'Il.shouLd reach a level suffi-
cient to permit them. to direct graduate study and do orjginal :gsgprgh.

Ta?'Mathgmatiméfisha basic and fundamental tool of!itdérii sBcience
and it is rqug;ggth‘undégstgpd much of the research both in science
and in education whith- is beitig reported in the journala. ~Caltdlus is

an 1mportant tool for work in: any area of science as well as ‘in“educa--

‘.,‘ fi‘ ft\' S




8. The.dissertation or: its equivalent.is. still -the best vehicle
for focusing the work of a doctoral study.  However, mamy of the studdes

now being campletéd are not well . designed and are often too long:and-too
diffuse., If thexe is a substantial science education research program at
an institution,:it should be possible to pattern-a series of related xe-
gearch studies _L;which will be suitable as dissertationm topics .ard which
will, ,collecfively, result in a unique and substantial contribution to
the fieid of acience education.

9, and 10, .;The need to be directly involved as an -apprentice in. .
the kind of work one will ultimately do requires no defease. It is. !
merely a belated recognition in education of a practice in graduate
study which has long been accepted in.medicine, law, science. and other
fields.: . .

11.  The work of science educatoxrs has both academic and professional
dimensions.. -The' individual science:educator must serve as a- link: between
scholars in different disciplines as-well as between them and teachers,
Consequently,. it is appropriate for :the doctoral committee to.be comprised
of representatives from the candidate®s science area as well as from -the
field of professional education. Such a provision may help insure that.
the candidate !'s. science background will be adequate and that his knowledge
of science is both sufficient and. contemporary. Furthermore, scientists
are more- likely to cooperate with science educatoxs if they are given some
responsibility .in their training. Similar arguments hold in addition:for
psychology, sociology, or whatever other academic field the candidate...
studies in a major way. - " ' C i

12... Pull-time residency is.-essential if the candidate is to.become.
immersed. in his discipline.. He must be at a place wheuxa he can work,with
other graduate students in the same field, as well as with academic. leaders
in his own and i zlated.fields, where he can participate in seminars, formal
and informal, and in research, Full-time residency is much more likely to
insure this kind of experience than work taken sporadically or on a-com-
muter basis,
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