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Science-Related Discussion) emphasizes the nse of discussions,

. organizing discussions, introducing the concept of evaluat1on, and
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in-service programs, comments about 1ncent1ves, teaching students
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‘CHAPTER 1.+~ =*  ..°

.o " 2 FFARING .-

s THEUNKNOWN - - B
. h — -
oL o '
During the 19({)0:8 and early 1970’y our national concern tar serence
reached . perhaps. an allstime peak The adsent of the Spacc Age made mor
people aware of the potential for scientibic trumiphs never betore drcamed,
of Science and Serentists were accorded the highest esteem Fren at the tync
of this wrting,” our -nation continues to place great tath both in our
scientific add technological fields and in those persons involved i tham The
mass media, especially television, have given the public a broad oy erage of
all hields of science and technology  As a result, these same media have
contributed greathy to the sumulafon of public intergst wif and undr
standing of science and engirieering \ ‘
Yet a comment frequently heard 15 thay the schools of this nation

- <
-have nordocused adequate attention on science and scientihic studics — this

in spite of the fact that “more and™ more saentitic hterature and
.supplfmcntar) learning materials have been made available to classrqom
teachers  The .massive efforts of the Natgonal Sacnee Foundation have
stimalated clementary school®stience curricutum deselopment to a state
nevér before even contemplated ) .

[n actuality, though, the "'t fulcﬂy' elementart sehool teacher tends
to bc apprehgnsf\c. about thc Lcachlng Qf selenee dcspltc thL tact thdt
science, technology, and scientific values permeate American culture
Perhaps that is the problem Science 15 so much a part of ourdaihs Lives that
we tend not to observe the evidence of 1ts processes occarning within and
around ~us, and, ‘as a comsequence, we think- of suone as a disapline
exemphified by Albert Einstein’s famous equations — understandable by
just a handful of peaple in the world, and totally abstract to the rest ot us
Flementary school teachers tend to'ignore scicnce because they have a high
degree of anxiets about the topic, and, perhaps, tear that as teachers Yhey dg
not know enough to teach 1t well ) :

‘ s,

But this need not be so Science 15 similar to anv of thekother |

-disciplines that are represented 1 the elementary  school Lumgulufn ”

Granted, the body, of scientific knowledge is voluminous, and scicncc hagies
own way of "know ing" — experimentation — along with a rather splaial
/ -

» . 13
vocabulasy But science 1s a means of generating new know ledge and Yis one /s

consequence, of making the World.a better place in which to fne fd .
; .

-5 yoq



The problems associated with teaching science at the clementars
. level have ot resulted trom mndecision as to what to tguh or wven how to
. taach, but rather from what seems to be a fur of teaching sione Lo dispelethis
' fear <15 mv purpose here "My goal, and that ot the National tducation .
o Association, s to hdp vou, 7as an elementary school teacher, to better |
+ * understand what suience 1 and to become gnore contideht uLtmLhm;, i |
- hopc to provide a series of, lagsroom thtLd practicey dnd tuhmquu that
will help each of vou L\tcnd vour Lnow kdge of teaching per s¢ to the

teaching of one of the most tascinating taclds'known to humans = science,
. t .

Why Teach Science in.the Elementary Grades?

. There are many hsts of objectives and rationales tor tc‘:hmg suienee
to elementars school students High on the ist 1s the tact that sciente v |
. having an impact on the lives ofa(}l people 1 the world greater than that of
anv other cultural facet, perhaps @ en ancluding religion You will note that

saentific and technological: l\n(& ledge 15 the factor used to distinguish

among de eloping nations, industrialized nations, and “post indystrial” .
* nations such as the United States Thus, science impinges on people at their

shops, homns and transportation terminals, and even i their entertainment

However. the materiahstic well-being of a peeple 15 just one
N . measure of the impact of science on the world’s culture W ithin our own
nation we use science a$ one of the means by which to inculeate some ot the M

- :

following values

| Science 15 used to stimulate the critical and creatve thinking
skills of voung people " . .
- 2 Bv knowing abott scientific tacts, principles, and-theories, our
- - cttizens,better understand and APPIECIate. the w hole of the planet
. - Lartl] and the universe R .
3 The study of science aids in'decision making by our ger crnment
- Citizens with a better knowledge of the universe arc Better able
to make more intethigent decisions — espeaiatly i the gireas of
the environment and those socially related considerations that are
also a part of the world of science '
4 Scientific knowledge and ity study lead o future wereers 1 the
field These careers may not vet be invented Recall that just a
quarter of a century ago, there was virtually no computer
industry, and jobs that fequired knowledge about electronic data
processing were few  With just one tiny breakthrough — the
. transistor — the careers of millions of persons were created

N
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Among- the other major goals of modern elementary science

¢ education, there 1s a genuine desire to stimulate the cinosity of all

* youngsters so that they can share in the excitement of scientitic inquiry and

invespigations  Activity-oriented science programs allow stadents to

conduct laboratory experiments that aid “n’ the developngnt ot ettective

reasoning  These experiences also make dung students tamihar with the
vers methods and concepts used b\ real scientists n their daihy work

The Modern Ratiorfales. The rationale of more Lontunporén

science educatorsus that science 1s more than simple facts Students must be

given experiences that make them scientifically hiterate — 1 ¢, make them
aware of how a scientist works and of how the know ledge of science 1
generated g .

- A most important concern of the Lontnmpomn sclence mosement 1s
that students have direét expenience with natural phenomena, that they be
“allowed to conduct scientifically related investigations The use of actn 1ties
means that the conceptual structure of elementary science 15 daveloped with
appropriate teacher-prov 1dcd gudance and experiences — points [ will
return to many times .
Fma“v students learn that scuncn and all the findings of science are

to be copstrued as being divergent and not absolute All scientific Imdm;.,s
are quite tentative, -and_ all facts subject to re-interpretation New
experiments and new findings conunually change the meanings of proviousls
known facts or concepts The latter may be the most difficult coneept tor

teachers and students at all levels to comprehend , ‘

b
.

. Scientific Processes

How does a student begin to comprehend the tentapiseness. of
science”. This comprehension comes from being immersed in the various
prowesses usually, associated with science  The, Commussion on Science
Education of the Americap Association for the Advancement of SCience has
identified at least 13 processes that are criuical to the learning of: withtific
. reasoning These processé’s are, predicated on the assumption that santists

use a distinct set of mteUectual processes <o
Scientific hteracy is developed by devising experiences that
reinforce these processés Through funding by the National Science
Foundation, these processes were, in fact, implemented in a curricutum
entitled, “‘Science — A Proeess, Approach" (SAPA) SAPA Iy unique in

many ways It 1, the first total curriculum éver to be constructed by using

A the processes of_the scientific community The processes are the Lontent to .

be learned, while the scientific concepts and educational experiences are

ERIC | .
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simply thc whidles thmu;,\h which the processes are .1ppllLLl I he wniters .
and dt\clopux ol SAPA Wdentificd generic seientific provesses shat arc basic

. to a“ mell’lLdl Lndm\urx lhut processes are dmnl\ lnterLthLd n tl,k
SAPA LuTl"lLUJUln materials to show the relationshyps and the sequenang of
the processes  Arranged somew hat.in ascending order of u)mpk\m the
processes of SAPA tollow ) -

/ FoObwrimg Beginnin with dtnl’lf\ln;\ objects wd objuect prop
T erties this xtquang procud\ to the ldgntlf\ln;,, ot dmn;,,u n
VArious ph\ \ltd[ svatens, f}u nm 1l\|n§., of u)ntn)“Ld Ub\ur\‘lm)n\

-

-
and the ordnnn;,, of a series of obsers ations

~ . -2 Clawifyng D'L\dopmnnt beging with umple classitications ot
various phyvsical and beological svatems, and progresses thm\l;,,h |
' o "~ -5 mulussgage classibications, including their coding and-tabulation,, 7
A 3 Inferrimg. Imually, thidea 1 developed that iterences ditter ;

“ trom obseryations Al dcvclopmcnt- pmcc’cdx, inferenees are

c@nxtructcd I.()l’ obxcr\atmnx of Ph\\lLd{ Jnd blol()}‘l(d{

phcnomnm and situations dl'L L()n\l’l’ULl’L’d to tut lnlu’cnuu

drawn trom h»pothuu . .

: 48 Usmg nmbers N his anunnu begins with ldnnk\m;, sets and
. thete members, andfrogruxu through ordermg,  countindy’
. adding? multlpl\mz_, n

and W, L)l’lkll']}1 W ll’h p()\\ €rs ()* te, [ NCTCIses 1n numbu’ uxmg'ﬂra

iding, finding averages, using decimals,
8 g AV ETag 8

. troduced to support exercises 1n the ()thu’ processes .
) . 5 \le.um&nq Beginning w g the ldnntlf\m;,, and ordering ot
- lengths, the development of ° thhs process proceeds with the -

demonstration of rules for measurement ot length, arca, volume, .

LW u;,ht temperature, l?ru \pud, and a nuknber of derved

measures dppllc‘lbk to \pLLlfIL ph\xludl and [m)lu;,lml SvVatems

« 6 Uwng spc—time relatiombups  This seuende begine with. the

- dentifving of shapes, movement, and direction It continues

0 with the learning ()i rules JpphLth 40 straght and cuned
paths. directions at an angle, charpe®in position, and
&- . determinations of th

r.and angulaf xpuds

- 1 Communiating Dn\dopmnnt of this process bq,ln\ with bar

~ gl’dph dL\Ll’lpl’lOﬂS ()l xlmpk phcnomum .md Pl’l)LLL‘dg l’hl’l)U}\h

dcsu‘lptlons ()f a wariety ol ph}&ltd[ objutx dnd Svstems, dnd

. changes 1n them, to construction of graphs and duagrams tor

results observed in experiments -

- 8 Pruditing Lo teach the process of prndlctlun the dudopmcnml

sequence  progresses from mtcrpohtl()n and t.\tmp(‘)htlon n
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A~ graphidall presented dita to the tormulation ot methods for

/\- " testing predictions ' ,
) Z—~ 9 “Dfoung operationath Beginning wath thn distiiction betw een

definitions , that are ()[xmtmml and those that are not, this
. duelopmnntd[ quuanL procc&ds w the pomnt w hLl’L studcnts
) construct Ole’d(‘l()ndl de1n1tl0ns to proHLm\ that are new to
. “ them . o -, ) -
. 10 Formulating hypotheses At the start of this sequéiice, " the student
, distinguishes  hvpotheses trom interances, obserwdtions, ~and
. - prndutmns Development s u)ntmucd to the stage of con-
structing R\p()thuns and dun()nstmtln;, thts ot by p()thuu
L1 Interpramg data This process 1s introduced wath deseriptions of
R ‘ ;,mphu data and inferences based upon them  Lhe stydcnt then
pr();,rnssu stqunntld“\ throu;,h thL IOH()\\ln}, dLl’l\ll’lL\ won-
‘ structing “equations 80 epresent data” relating data o stager
., - ments of hvpotheses, and making generalizateons supported by
. . experimengal bindings .
. 12 Controlling varubles  The developmental Sequence tor this p pr()uss
- begins wath the identification of mampulated and responding
variables 1nd;pnndnnt and d;pnndnns variabjes rupum ehv)n
. a deseniption or dunonstmtlon of an experiment: " Development
N pr()unds to t.bL k\d at \Nhlth thL studLnI huni, given a
pr()HLm lnIchnLL or h\p()thul@ d(.tl,jd“\ conducts an expert-
. mcnt ldLn(lflLs Thn \Jndblu and dugqhu h()\\ the \drldbks
) are controlled .t , .
\\.' 13 Eyperimenting [¢613 15 the capstone of the glntq,mtnd pmus\t's It
s developed throdgh a continuation of the sefuence of processes
k ' / nudnd to control vanables  This process Includes interpreting
, auounts of scientific experiments, as well as stating problen,
constructing hypotheses, and umductm;5 upnnmcntal proce:

durns' e @ - | e N

ele s assumcd that thereus 5 progressive intellectual dudupmmt

. within ¢ach process Latngur\ As thl\ dudupmcnt prmuds 1t lxu)mu ~
mcrewsingly interrelated  to the u)rrcspondm;, development ot other
processes Inferring, for example, requires prior development of obsers g,
dasslf\mg and measuring shills  The interrelated naturc of the des clupment
15 explicitly recogmzed in, the hinds of activitigs undersaken m gmdu 4

oy through 6, sometifes ferred to a8 integrated, processes, these include con
\ trolling variables, defining operationally, formulating hyvpotheses, interpret,
ing data, and, as an ultimate form of such integration, experimenting

’ v .

N ' ” t
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. S6& much tor the real-hite science ilustration T et us now examine |

how_ these processes and other clements torm the inguire attributes of

sclence | - -

! The Characteristics of Inquiry! .

Serence teaching du‘d‘m'qum tend o be svnons gous behaviors T
toster the art of inglurs | teachers of suence tend togave ide very hiedde actual .
iptormation. but rather, they become the askers of uestions /
' Guided Inquiry. The casiest wav o introduce any clements of
“guded inquirs 15 through the use of actual experiepees Betore bogimpung the -
lesson, arrange all of the necessars matertals so_that students arg all given
materials with which to have similar experiecnces When using gurded
inductve inquir, do not expect the students o armve at meanngtul <7
peneraliz, zatipns unless the learning activites, lassroom retitations ot .d
descussions, materials, an@ visual ads are allavalable 7o the fearners
Perhaps thesd initial éxperiences «ould be Larmd-;)ut tﬂm\ugh some small
groups. such ds task groups o YT -

In condycting a lesson, make extensive use of Guestion as\Lm}\ shitls L -
Asl\ thewstudents o commént about, wha they actudlly obsenve Ay e
provide responses, be certain to disunguish carctuthy -between stataments
'ba.s;d on Sbsetvations and those based on interences, when an lnlLl’LnLL s
“stated, simply ash,""'Is that“an inference of an obsenguons” Tog get students
in the habit of being s stematic, and this applies t al] gradc lovdls, ask cach
one to write the obsérvation and beside 1t thL inferenges This muhud also
ads you 1n cheching the observations.that are the Ty%s tor any mlcrcnu_s L
Of course, the latter technique cannot be used 1n hindergarten, grade 1.
even, grade 2 In those casegy vou can do the w ritihg —vor Lrate pumml
display of studeng observations apd inferences Ol wourse, prior lossons wth
appropriate.activities would have established the processes of ubsu\m}\
and 1nfemn;, ’ .
¥ Note how -the 13 processes pres tously examined armn{u;\mm«L \s
the Class progresses, preffarc a sxmpk postr or use the Lhd“\bodrd"tu hist the
sctual obsérvauohs aod the accémpant ingsinferences Fach process iy slow s
and carefully built with mans examples, dravwn from aLwal L\PLl’anLLS

> Patterns  that the wtudénts™ obsu\‘, are- stated By Sthem as
;\Lnuall._auons that apply whenever the pattern s Aplated thas the -
process of inductive reasoning, 15 gradua“v dudupLd I o condlet
guided inductive inguiry exercises whenever any OLeasion arises L'sg sunple .
experiences “What could cause this type of track i the” sno\v' and
“Where have weeséen this before?” and *It we had to },,gngmlg:g about th
.
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“sizes of these leav®, what oue sentence could s e make?” are the kinds of
questions that require the leamer to do the generalizing In this manner vou
will seldom state the onginal generalization You will, of coursc, be the one

. who Pplans for them - *

. Inferences. An anference 1s an integpretation or evaluation that
resuits from making obsers ations of objectsor events: When vou assemble a
series of objects and ask the students to mako g bgnuah..atmns about them,
they will probably provide inferences However, an inference p ditterent
from a generahization 1n that a generalization explains or summarizes some .
venifiable clement :

For example, if you give students a big box of buttons and ask them
to arrange the buttons according to some classification scheme, they will f
arrive at several different classes of buttons They will also observe some
trait that is general to,all buttons in the group — three holes, shanks,
shankless, round, square [f you ask for possible uses of the diftcrent buttons,
_vou then approach the inference-butlding stage “The students begin to
speculate abour uses But you ask other guestions, such as "How could we
find out?’’ or “'!s that button big enough for an overcoat?”” By whing vour
. Students to prov.de evidence or examples of how to test their ideas, you
. will help them reach the inference-building stage
; The Time Jnvolved. When vou initially utihize any tvpe of | Inqyry
activity in-your classes, you must plan to spend at least two or three tabes
the amount of time on each lesson as vou might normally expect to Any ’
Inquiry activity takes 28 ime to plan imitiate, and complete Thisume s
_ spent on 1n- depth analyse$ of the content and on “completion of actis m«&x by
the students Further, *he use of inquiry methods requires greater nteraction

- between the learner aud the matenials, there 1s greater interaction between - -

you and the students also Then, too, there s a but of nisk involved for the :

students. This s one of thdb¢-times-when the texthook does not hist all the

ideas and then prepare a "*handwedandy " summary statement You will find

that most children and adults approach inquiry activities with a bit of

caution — if ‘not apprehension Butas the inductive inguiny actiities )

become a part of the ongoing procedures of the class, learner apprehension

diminishes . :

Another caveat 1s required When vou use any tnquiry method, vou

will not ““cover” the same amount of material that you do in expository

teaching Why? Well, you are using more time to develop thinking processes

and are reducing the time spent on memorization of fact or content Now

this 1s your decision to make You can’t simultaneously maximize thinking .

skills and content coverage If you desire to build the so called higher ordcr C .

oo .

o ’ I g .
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thinking skalls, then vou must reduce some of the contant and substitute Frovsses

tor 1t Reallv, though, vou are not sacriticing anvthing You are provding
important instruction and experiences that arc a part of the tunction of
undu’stdndln;, the structure { Lplstum)lup jof science Yau set that prioreg

Incorporating Inquiry. In the carly grades or whon conducting
nitial expeniences, the final ;,mell:duuns wht involve an oral summars
Or a reviess dbuut thL Loneepts, a llstln), ot MLJS lmn;, PFL\LHILLi ‘lnd
finallv  the learners’ own deas as to what constitutes a meaningtul
- gcn\umll:dtmn As th(;‘ lL‘dmL‘rs p,r()\uic \ULh lnput vou \\Uuld us thL

) quostioning, techmiques of review ing and pmn;ntlng
Your claw memBers can test generalizations by applving cach
tatement to duttcrent tumes, places, or situations, or to other objects or
L'\L:n(\ A major limtation on tﬁls testing will bu the hlLL‘gmunds and
L\le’PLnLL\ of the learners .

Another technique that mav be used with guided inductinc inguin
1s~to record a senes of events on cards or some other manipulatis e medigm
[he latter u)qld be a Pdl’l’ld“\ u)mplntnd series or a u)nstruugd set of
apparatus Then ask “the learners to place the events i the proper’

*ﬁnqunnu — wathout any reference to being right or wrong, This actinit
could lead to a reading assignment W hen the \LuULnLLQ)t coants 1S
. u)mphtnd dsl\ the students to obsenve the pattern of cvents and to statc the
& PAttern in just one sentunce Fhe latter would be the pencralization: Other .
students could be d\!\L‘d to test the gcncr‘lll:dtmn hw\&mlhlﬂg it tor
esceptions .

Lhe db()\L are  tested tuhmquu that hLlp studunts m think
inductively, tointer g ;‘Lnuallzdtmns Assouuse avarncts of L\PLFILI]LL\ voul
\\lll won obsene l’hd( the tocal point (pf the INYUITY  Session bocomes a
: Lommon expertence for the entire dass [hese moddls arc adaptable o all

levels ot instruction The students” efficiency will improscw ith practicc —

and so will the teacher’s
Guded mq.uu'\ has at least the tollow g charactenstics -

e -
" The learners progress trom specthic obscrvations to tercnues or

;,mell..atv?w( .
2 The objective 1 1o learn (reintorce’) processes or to wsamme
events or ()hJLL ts, Jnd thnn arrive at dppl’()pl’ldl’L ),mell:.nu)ns
3 As teacher, vou wontrol the elements — events, data, matenals .
or vbjects — and as such, act as the class leader
4 lhe students lBl’Ll’st’ with the stutt of the lus(an — wents data
v matcndls, or (ﬂ)JLLts — and attempt to struutﬁru d mumn),ful
pattern based on the observations made by cach indin idual
/.
e ' ¢ 12 .,

EMC . A‘ < . Y

Aruitoxt provided by Eic:




' ,

. '* 5 The classroom 1s, 1n a ;,rcatu sense, to be considered a learning
laboratorv
6 There 1s wsuallv a fixed number of generalizations th.lt will be
elicited from the learners

7 You encourage each student to communicate guncmh:.ltmn\ (8}
- the class so that others mav benefit trom unique perceptions
- 8, bpontdnu)us responses (h.lt bordu’ on l’hL creative or nov d W l“

ausualhy ba xu;\guud bv the \tudnntx In xud] cases vou should
encourage even turther novel responses

[he eighth characteristic needs some-elaboration b tn fhuu;,\h Vo
might desire o provide experiences that have a fined number of pussible
responses, l’hLl’L 15 alwavs room for the open Lndud lnqlnn activity
I'eachers have long used thn tuhmqun ot ashing students to 1 it as many

b} ideas as vou can for " When both vou .md the class reach this point,
vou'll be sharning 1n the real stuff of science — discoven
Discovery bchd\lOl’S may l’dl\L‘ at l(’d\l’ thrcc torms In clcmmt.lr)

school ‘Classroom (1) the Student has tor the vers hirst tgne determinad
something that 15 unique.to her orhim, (2) the student has added something
to a discussion about a problem that you had not previoushy known, 13 the
student hds svnthesized some information vm such a manner as to prmldg
others with a unigue mtc..rpr(.mtlon — demonstrated  Creativite
Studmt‘f&ouncs makgrschool a fun phu In \\huh to work
ooy
Questiom'ng and Inquiry

* Because questioning, as the most enitical aspect of the concept ot

INYUITY | STresses the seardh the itestigation, o .ku)mpll\h these Lunupt\ vou

¢ become a guostion asker, not a guation amsuerer - Teachers who are masters ol
guldcd lnductnc mnqguiry \\1” tell vou t’hat thev spcnd thoir time mtgmgtl;)g
with the students, but prov ide very few answers h

What Kinds of Questions Should a Teacher Use? Ihrough
extensive experience, several “stems™ or lead in guestions have been

Ldtcgurl:cd-ﬂ)r those of vou W ho want t b,rlng .lbout a 1ot inyuiry

orieated class environment Of course, what makds these stams so interesting

1s that while thev are spelatly designdd for use in science, they are

.lpphgabk to sou.ﬂ studlu Lm;,\u.lg,n arts, or mathematics LLl\\L) — toam

class 1n which you want to stress the pfocess of nquiry

When you are conducting, an experiment, collecting data, examining

Lause- dnd Lffut rchtlonshlps or dnalv-lng, events, the fo“ov»ln), set of.

question stems 1s the most appropriate by V\hth to challenge the Jfudent to

think

ERIC - g
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What 15 happening? ’
What has happenedy ‘
What do vou think: will happen now?
How did this happen?

. Why did this happen?

WHhit caused this to happen?

What took place before this happened? .
Where have vou scen something hike thrs happan’ ,

How could we make this happen?

How does this compare to what we saw (or did)” . .

"\

How can we do this more casihv?
How can vou do. this more quickiv?

‘ [
Note that the above examples,are oriented to dymami. sitwations These

“ ., stems are probably best,classified as prompting questions )
. . When you are examining rather static hving or nonh\m;, objects,
then the stems below would be most useful ' .
‘ What kind of object 1510? -
' What s 1t called? .
. Where 1s it found? ) :

. - What does 1t look like?
Have vou ever scen anvthing ke 1t#"Where? When? ’ “
© How is 1t like other things?
. How, can vou recogmize or identify it? * = - .
) JHow did 1t ggt 1ts name’ .
What can vou do With 1
: " What 15 it made of”
How was 1t made? )
. What 15 1ts pyrpose? .
i . How does it work or operate?. R
" What other names does 1t have?
How 15 it different from other things? .

These " prompts’” help the students to understand better all kinds of
interrelationships — one of the destred goals 1n inquiry teaching per se
_lt s essential to l\u:p reinforcing inquiry processes whenever
possnblc by simply asking, “What do we observe here?”” or by stating,
“Tell me about 1t"" It can be that casv In fact, the two sets of stem. s
questions given above might even be tvped on a small card and wsed as a
‘prompter " (In Chapter 3, the skills of questiomng will be devcloped in
greater detail) ;

ERIC S '
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N (.:undcd |nqum s an - essential step toward (luglopm;, more ,
independent leathing The tuhmqun i dependent on Uit teacher
questioning - procedures  The main pownt_1s that vou constanth remind
vourself 1 ask the question; the pupllx do l’hL thinking and responding . ’

Usmg Small Groups ‘

.
Smallgroup learning units are most appropriate for ementans ‘

whool science to increase teacher—student and student- studunt verbal
interactions 10 the clasroom  Further, by using small “proups. vou add
Tewibilits to vour 1nstruction T eachers who use small groups report that
thl\ tuhmqun hLlp\'\tudLntx rn“ut a murn rupunxlhh zmd mdgpundmt

" mode of learning [tis important to note, however, that vbu must dentits

and sequence 2 svstematic and planned set of procedures, csperiences, and

‘objectives During the actual lesson, students become acting participants in

the class activitzes, but in groups of two, tour, or six

How do, $ou start? To imuate small groups or discussion groaps
requires tha{ vou \lmpl\ restructure the manner, h\ which mdl\ldu.lhzgd
work takes plau Because most modern elementary school scicnce programs
have an activity oncnt.mon vou can begin by selecting an activity and then
organizing a division of efforts among the glass members 1 ach group
member then has some specific task to accomplish — ¢y pik up and retarn
the science materials, make a table to record data, set up the apparatas,
conduct one aspect of the activ ity .

When learning activities result in more divergent types of -
experientes, 1t 1s more appropriate to have groups of tour .luumphxh xon;a,?‘”
assigned science objective Collecting data or preparing histograms’or Idhlt\,}'» j
can be difficult tasks for some \[udnnts Bv using a smatl group .1ppru.lu|1 sou”
can help selected students hecmpc more competent 1n cogmiting, attecting or
psvchomotor skills .

Teachers have collectively dentified at least 12 ;,mlx or purpuxu
fur using \ma“ group or dlsuusslon l’LLhnquL\ n tL.thm;, dumnt.lr\ \Lhtx)[

selence -

) I Interest can be aroused at the beginning of a new science topic or

" the closing of one X

Z Small groups tan identfy problems or other 1ssues to be studied,
or they can suggest alternatives for pursuing 4 topic under
consideration

3 A small group can explore new ideas or ways to solve problems,
covering either the entire problem-solving cycle or just one

phase .

15 ‘
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4 Duscussions provide an opportunity to evaludte data, inferences,
sources of *information, and methods by "which the data are
gnnumttd

5 Small £rQups allow students to demonstrate individual strcngths

6 Students often learn taster and better from each other

7 Students are provided an opportunity to use the vocabulany of
science In an appropriate context

8 Cooperative work skills can be dudopnd through practice in
smatl-group discussions

9" Skills 1n leadership, organization, ‘interaction./ research and

" amtatuve can be learned and improved through discussion
technmques - '

[0 Ideas become more meamingful and personal it a student
experiences  them ©~ Too, flexibilits in understanding other
viewpownts mav be improved

Il Discussion cap prondc the studeénts (and vou) with oppor-
tunities for learning to accept and value other ethnic and or
cultural backgrounds

12 In a small group or discussion situation eversone can partiupate

and feel good about that contribution

4

After reflecting on these 12 possible vutcomes trom the use of small
groups or discussions, ash vourself this question "How mans topics i my
curreht science program lnnd themsdw.s toa dlsuusslun based on those 12
potentials?”" 1f you are uncertain, examine vour.science progeam or textbook
Undoubtedly you will identfy several topics that can be casihy lnLuerl’Jl’Ld
nto a series of small- group discussions Remember® A dlxuxslun 15 used to
accomplish an objective — erther process or content” - - _

»  Now ash vourself ""What kinds of sharing experiences do L wdnt tor
my students”” You probably responded to this question by tocusing on
sharing different wiltural experiences You may have thought about the need
for students toldlspla’\ and share their unique talents No doubt sou thu@]t
of the disadvantaged ang handicapped students, and of their need to be in a
supportive and sharing environment "¢ . Y

. I'he two preceding questions are important because vou mav be
teacnng 10 mainstreamed dasses Also vou may teach gifted and talented
groups And, of course, vou will be faced witht the challenge of providing a
nonsesist, multiculturally onented education for all vour students By using

~small-group discussions you will help your students to meet the challange of

growng up in what thay be culturally, cthnlca”/\l, physically, and emo
tonally different environs — the pubhic school

a
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ClifAPTER ) -

MANAGING M(&TERI/\LS AND
-. ORGANIZING FOR INQUIRY

3
.

It hay been My personal experience 1n working with virtuath
hundreds of elementary school teachers and administrators that their greatest
problem 1s the preparing, orgamzing, distnibuting, and “colcting of
materials needed for anv activits oriented suence program Fuen it the
program that vqu use has a "“kit,”" manv tasks must be accomplished betore ft
can be used by the students Here are a few tested “tps of the protession”
trom teachers who have chminated this anxiets

, Using the Class Members as Helpers

lhe cnitical element in materials management v to mvolve one
student or a small group of students’in ¢every management activies In one
sense, this means maklng everd sclence pcn()d stmilar to a birthda party,
including the packages The onli difference between a party and science i
that 1n vour classroom, the paakagu will be those essentigl components trom
the science kit or, if vou do not have an organized kit the materials trom the

sCience center (If vou have no center, we will cover that problem, too |

Recall from the previous chapter how vou can canly establish small
groups. Well, vou acdomplish that exact task as an initial (xperience when
beginning to teach science Idenufy several groups of four Allow cach group
to select a group name — Vlkmgs Seahawks, Gophiers, Stars — and then
place each team name on a small wheel Al()ng the outside of a birger wheel
write a series of activities that must be accomplished  Then cach time vou
teach science, move the wheel one “*notch™ so that all studnts participate in
the materials- management aspects of the science program Figure |l
trates such a device ~ L

But, back to the first science lesson, assuming that a kit s in wse
Assign some scat work to the class and then gather your first group together
to 8pen the boxes in which the science materials are packed | have watched
students from 5 to 14 years of age become very emotionally'involved in this

activity as every package 1S a mystery
s« You give some general dll’CLl’l()nS SUch as "'Joan and Suzie, Flkn the
big box down to the custodian for storage " In this manner, the packing
crate or box 15 disposed of 1n a proper manner Then give the remainder of

:

‘
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students must become
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the students specific instructions on how to inventory the 1tems You will
find that each kit comes with some type of inventory checklst By cheching
what 15 available immediately upon unpacking; vou will know what*
materials need to be requisitioned from the office or dehvcred trom the
school district’s central storage facility y

Make yourself familiar with the' organization of the kit It a “map”
of the kit 1s nerther included i the kit nor available through your central
office curriculum staff or science consultant, have your students draw one for
vour.use The map should idenufy the trays, and drawers, ay well as the
contents of each

lf your science program does not havc a kit, then vou and vour

‘explorers” 1n order to assemble the decessary

18

e t
Take kit to 8ring
storage area aterial ‘
materials i} / \
from kit
‘ a ‘ - 4
( . @
° > -
Set up
Make list ANGELS”* LIONS
. ) work
of things ”
area
we used N /
3
.
-
BRAVES SEAHAWKS
~Round 1
¢ fastener ‘
Repack astene ‘
materials m R2D 2 VIKINGS
kit -
.
\ stams GOPHERS .
[y
]
- -
- Pick up
materials Distribute
ork books
. The inner wheel is " The tasks are listed
held by a folding on the outer stationary
“fastener” so 1t carl rotate wheel
‘ Figure 1 Science Classroom Task Organizer -
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equipment and supplies The casiest w av to handle the problum 1s to refer to
the teacher's or student’s. guide Make. a List of, the needed matenials or
equipment, locate them, give the hist to a small group of students and wend
thém off t the storeroom or to wherever such materials arc kept
One wav that vou can collect materials besond w hat, must be
provided by the school district to implement the sacnce program s to send |
howe 2 “scavenger hunt'” announcement 1 st all the mexpensive items of
equipment or supplies that people tend to have around thar house or
.lp.lrtrﬁcnt Again the class will be the kev to the success of the scavenger
hunt> Schools that sponsor scavenger hunts often recepse more matcrials than
thev can possibly use and can then shpfe thar good tortune with schools
peeding similar 1tems . ~
When the materials have been gathered tor the lesson vou must then
develop a svstem that the students can use to orgamize the materals Use
shoe boxes, or anv similarly sized hoxes, for storage Labdl cach box'as to i
contents and, most lmportantl_\,\t?{’c concept 1t I bang used to teach Ao
idenify the gextor program wed, the related page numbers. or the activin
tor tuture reference In vour teacher's edition of, the science PIOgrym write
down what materials vou have, where thes are stored, the quantifics vou
have of cach 1tem, and the success vou had with the actviee The fateer
intgrmation will prove helptul the nest vear that vou tach the activin
Ot course. the students compile the inventonies tor the boses This
hittle task teaches responsibility, a most mportant facet of hte e s
mportant to identifv any materials that have been expended und necd to by
reordered What are some easy wavs of dong that? A simple was of’
maintaiming a continuous Iventory 1s to have the suidents identite all the
parts of each kit on hbrarv cards Color one side of cach card red Glue a
[thrary card pocket on the kit Whenany one has used the kit the red side of
the card 15 placed outward in the pocket to alert the next person that thedit
#has been used Of course, this dbessot help to keep the kit replenished, but
this sv&tem does alert the next student to check the kit botore wing 1t
[he above 1dea can be extended by placing two ditterently colored
cards 1n two card pockess on the kit It one pocket plice an mventory list,
the date when 1t was last checked, and the name of the person who cheched
it This fist would include all permanent 1tems — ¢ g, thermoméiérs,
containers, and halances On the second card placed n a separate pocket hiag
the expendable items” — ¢ g, spirit mastérs, handouts, charts, cotton,”
alcohol, and seeds When some 1tem 15 used, immediately” order a
replacement, notirig on the card when 1t was ordered Try to keepothe
science hits restocked atall umes [t takes very hrtle tme atter an ACTIVATS 1S
. -

b N . ,
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Lompletcd to inventory, rgstgclx or reorder, but J.;krﬁ;"am }_bat W Fiuajyuu

want to teach science, vou \ull(not be thwarte ﬂuu.ﬁ)km‘ﬂ S

not 1n plau or have not.been erLucd g
“Theresare probably other methods that vot- R

. used by your colleagues  Incorporate thgae rdus 1R, your,, it T.if{‘t .

management svstems The anxicty of pot having l’hL mk{%-'ﬂ:% w‘gcn N

want them can be totally eiminated if there 15 LoordinatioFinyng thqxa

g ﬁ'ﬁtg &&h‘w'g

members of 3 school and Af the students are given responsibiltty uf;%i“ll 7
o tasks . . ) - -{| : M ?'.:z
: . o , , "’{‘,‘aa..‘ s
. Preparing for a Science Lesson T “ O

“Another major Chuse of teacher distress 18 the extra prap{g@n fors
scienee classes Actually, preparing to teach @ lesson 1 simphy mk*ﬁi the
“occupational hazards™ bf the profession Every ffutuc feacher M’Lp;’g@luro
seach lesson 1n every subjcct or discipline For the clementary sah%teaahu
this mav ncan trom 10 to 12 different preparations cach dav Thehumber
mav vany among indiniduals, but the magnitude 1s there, cach planning and
prgp.lrln;, stcp mustbe caretully JLLUmph\hLd s0 that vour tinc is used mmt

s

-ethicienthy ~ 5 = .
- ' ilo conduct a science lesson vou will, of course, have to redd the |
teacher’s manual and the student gu:dL to understand the learning, ubjustnu -
and the ‘activities to be utiized You do that with most ot vour {L\\t)n\ -
mitially, 50 nothing new 15 added to vour workdas | e
Now, here 1s a useful up” Why don't vou and,onc or twgp ot vour 4

L] . v -
wlleagues get together for lunch and chat about the science program? Why

'
v
.

don’t vou suggest that they form a "scienee teaching wooperative™ for the

_ purpdse of helping tach other with the science lessons? Such an endeqvor

- . works best where there are t&'S or more teachers ass:;.,ngd to teach the same ‘
grade level in the same building If this 1s not the case, then coordinarcswath N
the teacher of the next grade to form a two grade-levdd saience co vp Tt

«_» vour classrooms have “open space” designs, this type of co oprwill bo casy .

.
k4

to implement A
‘ The basic 1dea 15 3o learn and teach only halt of "the mml senee 8-
program If your coop 1s multigrade level, then you will have  learn o
sccond component You and vour partnu(s) qu}mu to make the dedision -
If vou make she_decision to team, then cach of vou takes rupunslhlht\ )
instruct aldernating science <lessons With one person acting s the
l’LJLhLl’ ' wh/rc the ather acts as the "assistant,’ \ou double thL .l\dlldr)lk P
adult help * ' ‘
- Whether vou teach science alorfe or as part of a team, the Iu”owm;,,,

: SN

Q ‘ . * - . .
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suggestions apply  Since most science programs provide a teacher’s guide,
speedpfead- 1t as the furst step inWhe overall process ot lesson preparation

And B ause most of you use plan bs of some type, mv suggestion 1yt

coordinate ~ the mehook teacher’s” guide, student. activities, lesson
objectives, and evaluation procedures into one total instructional plan Make
notes tn the margins of these various 1tems. Keep notes on what works well
and what tends to fail "Debrief”” each lesson with Just a sentence O two on
how vou felt the activity went As vourcondutt the science. program, vou
will be creating a well documenced fike on how to do 1t bettbr the nexe
vear Keep all vour notds and continue to refer to them an the tuturc

At the same tumethat you clarity management acts, course goals, and
specific learning objectives, you must also 1denufy the studint cners levels
What they have alreads learned, the degree towhich they have retained thus
learming, their motivations, their app¥rent abiticies, and thér soctal and
cultural backgrounds arggall important data By knowing several bits of
informaxon about vour class, vou €an ¢asily begin to accommodate students
with handicapts or learning difficulties 1n vour classroom, When vou are
aware of special student needs, vou can more effectively adapt the physical
or wnstructional environmene to parallel umque learner needs '

It sou are using a sequential science program, then vou will have a
general 1dea of what learnings have preceded vour istruction and & hat will

~follow  However, 1t 15 the students who leamn, not the scope and sequenct

charts. 50 vou must seek information about the kinds of problems that vour
students Afight encounger with the present science lesson Recall those 13
maJw;Ajr‘mflc progesses that were discussed in Chapter | Many ot them
are related to learning processes 1n mathematics, language arts, social
studies, and reading By obsersing vour students during thos lessons, vou
will be able to make some predictions about the ease or dithicults that cach
one might have with the currently assigned science lesson ¢

It 15 cnitical that vou know the relative reding dittigulties of the
science materials and the general level of reading achievament of the class
members If a small group of "vour students 15 below “grade- todel”
reading, vou may have to establish somie tutorial gréups Another alteridtinve
(5 to reguest from the science consultant materials that these children can
comprehend A third technigue 1s to have a good geader prepare audwo
cassettes so that the poorer readers can hsttn to and thcrnh\ tollow the
written assignments

The majority of dLl’l\ll’V'()l’anl’Ld -science progmms have rather
himited amounts* of reading matter Such programs_tend to requirc cach
student to synthesize or apply the various cognitive skills that are constantly

I " ?
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. " being built or reintoreed in thc\sKtJl school proggam Tt 1s douhtful)hat they

will have severe reading problems with activity oriented science programs
However, . vou will” encounter the problem of students who have

dlfflullt\ Cexpressing thur obsers ations, computing thair Ilndln&duumtnl\

activity Agan, here s an opportunity to ranforee other’ skiths by using the
Loncrete aspects of the activits oriented scienct program b stablish smal!
groups. so that gach grodp must report 1ts general hindings to the class bus
onlv alter each group member has had the opportunits to present his or her
I*ndlnp to the small group, Think of all the practice in st expression that
the students get un this” manger  Rather than the usual guestion al\l

involvement with a great deal of interaction

Some of the above wps might not be totally assitied ad “pure
planaing " Yct, 1t 15 by planning and making u)ntmggm\apldns that th bedt
cachers carn to lrunty)n their lnﬁtrugtl()nal boals and t)‘lﬁhntl\gs -

Othcr Coping Skills

Once the ;,cnual plans hau been prepared, vou leam to cope with
the reahty
. possible quygtions that vnll be asked “Again, recall frgm the hirst chaprer
that this 15 0
Actually, 1t s
opport,unlt\ to w

that you truly do not know all the pussible responses to at the

> of the "givens” of an activity orieRted scienc program
! glven In sclence per se | recenthy had the tortunate
kwitha grouf) of elementary school teachers through an
in senice project wiych, among other activities, included presentations by
university research prifessors {‘ach professor gave a general presentation
about the kinds of resear

separate Instances, the ¢

activities 10 which she or he was engaged In 10
‘mentary school teachers asked  these highly
published and, in several dpes, “world-class™ researchers questions to
ely responded, “'Idon’t know," or, " That
would make a gteat tesearch pro |un "or, "I'd never thought about that ™

which each and everv one po

Of course, the classic respdpse to vour students dught to he.  How
can we find out?”" You need not burden \uursgll with the responsibilits to
know evervthing there 15 to know abot science Shitt some of that burden
to the lass members - If any one of thenhas the interest vou can bet that
ethere will\be an oral or-written reportjo the class that addresses the
prol’)lgm f/no one fotlows up on the pn)blun or the yuestion, then vou nud
not worry uthu for ;hat s Just what hdppnns\m the realow orld of seience
[here are uestions that go unanswered because thu are bavond our current

knm\lndga base or thu are too trivial on \\hn.h 0 L\and one S energy

>
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or preparing tables or figures that display their tindings trom a seletted |
preparing B I 13

recitation ‘pulod, the science period becomes’ one of high personat

43




A}

-

«One actinty that you mght consider establishing 1y a hst of

-+ ""Unanswered Questlons “on the bulletin board Every timgsomeone ashs a
question that 1s ““unanswered,” 1t 1s placed on the Lt by the asker In this

* fashion nobody loses face, everyone 1s a winner A time wears on, however,
thlere will be students who will discover a possible response, to some of

s these questions

* Another coping skill 15 to establish a file of n.aumn;, problems or

questions that tend tobe raised each vear Begm that filt in your lesson

rd N -
éplanbook, and add to 1t after each science lesson, 1f necessary, At the end of
_the year or semgster, prepare a short recapatulation of the speaitic problems

Then you can seek the responses from the district’s science consultant — it

. vou have one — or from other professiongls’ -

.

One major coping skill that needs to be sharpened when tuahmg\—

actiity oriented science 15 the ability to accept divergent student responges
o aither questwons or interpretations of ddta You must expeeg thag in mamy

science leggons, there will be a multiplicity of responses .md cven some-
creative ones One goal of real science 15 to allow and LnL\)Ul’J!,L novel

\ solutions and creative responses

You must also remember y our professional obligation to aceeptnovel  #
student responses You are not placing any wlue on the question or the

(rCSponse You are simply accepting the prerogative of the studint to be novel

EMC

T |
»'f

or creative You may not use subtle ' put-down” tactis, ru;.,ardlus of fiow
seemingly outlandish a student’s point of view may be or how opposite gt 15
from your expectations By allowing, nay encouraging, divcrse responses,
every member of your class can become a star for a moment [hat tiny
aucomphshmt.nt 15 a significant event 1 the school hife of every studeht

., Several of the above topics may not scem dyrectly n.Lmd to -
preparing for science teaching Yet, kccp in mind that you must now “he
sharpening some special skills that are emphasizd when teaching science
because science 15 the essence of inquiry The above 1deas follow a logical
extension of that essence In science, one prepares to be st a bit more
novel Or, maybe, 1t 15 gmply that you will be usmg many of the skills and
techniques that were taught in science courses, but that went without
notice Too, the above methods were probably discussed i teacher
preparation classes, but at the time, they may not have seemed relevant to
the real world Whatever the case, teaching science is just that — teaching %

Understanding More About Inquiry

The contept of inquary 1s rather difficult to define 1 nonoperational
terms — { e , without giving precise examples of teacher bichaviors and the
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concomitant student behaviors - As vou develop a spectmum of inguiny
teaching options, vou will better understand the operational meaning by
example [nquirs processes are those that require a high degrec of interaction
among the learner, teacher, matenials, content, and or covironment Perhaps
the most critical aspect of inquiry 15 that, as 1t is defined i the dictionary
the student and teacher become Cotsistent askers, sechers, interrogators, .
uestionerga ponderers — ultinately leading to that quettion that even
‘ Nobel Pn‘ winner-asks ' wonder what would happen 1t o
. " Of course. I don’t expect vou to win Nobel Prizes. althogeh 1t =
“would be delightful to see a few "ot vour'students do so - \W hat 15 important
ls;that Wi as thq classroom teacher set the ;tagc tor the pmgc'sx ot nyuiry to
take place You decide how nuch tun(’vn“ be spent developing the many
.« proceSses associated with inquiry Béhaviors You decide to try another wat
‘ to teach selected or appropriateAits of instruction that [l thamschos o
inguiry processes  You are the one who will svstema®hllv teach vour .
. students how to ask questions In short, vou mal\n the ditterente <
' As | mentioned previously and will amphty w "Chapter 3,
questiomng plays a cntical role in both the teaching and the learming acts
associated with  the mquiry mode’ of “learning” Questions fead  to ¢
Iy estigations that attempt toSolve a Qg“ detiped aspect of the problem
: * 0 Such mestigdtions are  common Yo all réas of human endeavor  The
investigative” “processes  of mq{urv m\ohn .the '\ \sludgnt% only 19
questioning, but also n iormlﬂatmg, the quesgon. hmiting 1t deading on
the best methods bv whxch to pr()cet.d and thén tonduum}, the study
Lest vou be a bit dubtous about this r,euhmquc, let me assure you .
that 1nguiry technigues provide yGu wath addmonalophuns that can L\pand
gour own teaching styles —noté my use of the piuiral Styles!
. Inquiry. really Ls;m»old ILChquL of. tga;hctrs Socrates, Ak?enla
, and Plato were all masters of the Investigative pnx,usu "One could argue
" that the processes that they used have since affec tetl the way most humans in
Vh:su:m crvilization think That heritage has given us a mudn of teaching 1n ]
which students are vitally imolved in the learning and Creating, processes. It
is through 1nquiry that new knowledge 15 discovered [t 45 by actdally
- becommng 1nvolved 1n these processes that students become historians, -
scientusts, researchers, ete — even if for only an hour or two 1 vour class

.

<

- .

Using-Unguided Inquity -

In the preyious chapter, about guded inquiry, you noted that the
teacher plays the ke role in asking thc questions, prompting thy rup&)nsu

’ () \24 ) ’ ‘

Q ' ~" . ‘.

Aruitoxt provided by Eic:




13 N *
structuring the materials and Md, in general, being the majot

leader of the learning. Guided 1nquiry 1s an excellent method by which to
~ begin the gradual shift from expository or deductive teaching toward
teaching that 1s less structured and more oper to alternative solutions When
vou sense that the class has mastered the techniques of guided inquiry, then
vou ought to introduce situations that are sull'predicated on inductive lo;,la
but are more open-ended. In these situations the ‘students tahe mofe
responsibihity for examining the data, objects, or events

The basic processes of observation, inference, classitication,
communication, prediction, interpretation, formulation of hy potheses, and
experimentation are all a part of ungded inquiry  Your role 15 minimized,
which causes a concomitant increase 1n the students“actvity Letus briefly
summarize the major elements of unguided inductive 1nquiry

i

I The, thouBht processes assume that the learners will progress
from spetific observations to. inferences or generalizations .

2 The objecgive 15 to learn (reinforce) processes of examining .
events, objects, or data, and then arrive at appropnatc sts of
gznerahzanons .-

’ * 3 You control only the materials and S|mplv pose d.question

“What can you generalize from TLH me everything
: that, you can about X after examining thcsc
~. 4 The, Students interact with the stuff of ‘the lesson and ash all of

+ the questions that come to mind without further teacher .

gudance. Meamngful patterns are generated by the students

’ / through individual observations and nferences gLantLd by all
. \ ’ " membérs of the class : )
K . 5 Matenals,are essential to making the classroom a laboratory
, 6 There 1s tisually an unhmited number of gc.nuall‘.atlons (hdt the .

learners will generate. -
7. You encourage a sharing of the inferences so that all students
4 communicate their generahizations with the class Thus, othus
v may béncfit from unique perceptions .

Unguided nquiry provides a mechanism for greater learmer
creativity Further, the learngrs begin to approach’a genunely authentic ‘
v “discovery”” episode — 1.e., the learner finds out something by himself or
herself and comes to know that facet. )

- " When you unlhize unguided inquiry episodes, a new set of teacher
behaviors must appear You must naw begin to act as the Jassroom clarifier

As students begin to make their generalizations, they will predictably make
gross errors 1n logic, state their generahzanons too broadly, infer too



much from the data, assign sm;.,k gause and effect relationships where there
are. multiple relationships, and assign cause and effect relationships” where
© ., none exists -
Thus. vou must patiently examine the learner i a nonthreatening
" manner to »enf» the conclusion or generahzation 1f errors exist i the
student’s logic or inferences, point these out But vou sheuld not tell the
student what the correct inference 1S, for this \\Ou[d defeat the purp()\u ot
. any inquirv episode  Your job then 15 to ask’ prompting and probing
questions 3
I suggest that during imtial unguided experiences the students work™
alone When students work alone, they tend to do moyt of the work
K themsehes When they work 1 pairs or triads, enc of the group usually *
) takes the leadership role and dominates the thinking ot the group. so that
there may be one participant and one or two observers When students. s
demonstrate the aptitude to use the method successfully 10 an unguided
fashion, then small groups can be assigned to work together
Some Unguided Inquiry Suggestions. What are some tested deas ™
that can be used as prototypes as you seek appropriate learning experiences
to incorporate 1nto an ongoing lesson? Below are but a few actisities

fd "1 Collect several dandelion flowering hcagl.s“ Count the number of
parachute seeds on each Make a graph of-theresults for cach
flower | !
2 Measure the height of some local weed as 1t grow.s in the shade
. and as 1t grows in the sunhight, and compare those findings
3 Count the number of leaves on the himb of a small tree

4 Count the number of vehicles that pass a specitic puint during a
given hour Then recount the number of vehicles that have only
one person — the driver Then count the number of velucles by
tvpes — large cars,~mall cars, trucks

5 “Tabulate the highest and lowest temperature readings lor Several

- cities for a month or even a year
6 Count the number of persons who pass “a given pont in the

& school lunch Lise .
. 7 Tabulate WCI number of minutes that commercials appear
- on givwen t@Evision shows ‘
8 Count the number of windows tI{at can be seen 1n all the houses
. on one block
Tabulate the number of clear-sky days your town has Share this
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. Quite obviously, there are any number of tasks that your students
will think of when using unguided 1nquiry It matters hittle ifthe activities
differ from those listed 1n the science textbook or program that you are
using. The important aspect 1s that the students are identfying and
classifying all kinds of objects, facts, and observations We want them to,
practice, practice, and practice, the processes of inquiry n all phases of their
school Iife The creativity and spontaneity of your students are the only
hmiting factors By locating matenals from your geographic area, you can
build a file of appropriate objects, events, of artifacts that can be used to
supplement the usual classrosm™instruction

Agawn, a word of caution A teacher does not simply jump into
inquiry  You plan for expenences that are meaningful and relevant and that
strengthen inquiry skills in general

Ultimately your students will begin to make different generaliza-
tions and conclusions One of the generalizations that will quickly emerge as
you use unguided inquiry 1s that there 15 no onc way to classify or analyze
anything Your students wail amye at usable schemes that you might not
have thought existed ‘ )

These exercises can lead to some elements of evaluation Evaluation
is conducted via exphantly stated cntenia But how db we classify or
evaluate the cnitenia? Utlity has to be Pne condition There are’others, but
allow the students to determine them * :

©
'

Problem Solving as Inquiry A :
A curnicular model that could have had even greater impact on the

. schools .Was advocated by none other than John Dewey Among his major
educational contnibutiohs was the advocacy of a curnculum based on problems

He defined a problem as anything that gives nise to doubt and uncertainty

This theory should not be confused with the so-called “needs™ or “interest”
 theortes or curnculum. Dewey did actually have a rather careful and definite

- _1dea of thetypes of problems suitable for inclusion in the curnculum The

problems that Dewey promoted had to meet two ngorous cniteria

I The problems to be studied had to be sigmficant and important
to the.culture. .
2. The problems had to be 1important and relevant to the student

"It 1s apparent that recent curnculum projects in science, mathe-

“mancs, and social studies all tend to be based somewhat on Dewey’s
.problem-solving approach. Most modern curriculums and even a large
majority of textbooks suggest problems that must be solved by students

. utihzing the so-called “scientific methods.” Most of the curriculums that

5 o A
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vou mav encounter will stress elements of inguiry, discosery, and other
. relatiohships from the structure of the respectiie dxscnphnc/

When using problem solving with learners, you mést consistently
play the “great clanfier” role, alwayvs helping the learners to definer
precisely what 1t 1s that 1s being studied or.solved Problem wlving
methodologies focus on the students” problems that are being investigated in
some systematic manner The students set up the problem, clanify the 1sues,
propose wayvs of obtaining the needed information or data to help reconcide
the problem, collect the data, formulate conclusions based on the data, and
then test or evaluate the conclusions In most cases the learners will establish
written hypotheses ‘for testing

Another problem-solving approach unhzu films, or luop tilms
After the film 15 viewed, ask the class for suggestions about what has
transpired  If the Class did not pegcenve any problem, either reshow the film
or ask some probing quéstions concerning the iHustrated evgnt Teachers
who have used filins 1n this manner have had almost no problems in getting
the students to respond and prepare their own questions

With any imagination, teachers at any level can identity tilms trom
social studies, literature, reading, art, science, of almost any course that have )
an element of the unknown associated with them and™ comvert that
experience nto a-problem-soh ing activity Once the problem has Been
éstablished, the students construct reasonable hvpotheses that eaplain the
event Usually students hypothiesize simply by guessing But guessing 15 not
enough Once a hypothesis has been presepted, 1t 15 -the students’
responsibility to gather data to support or refute that hy pothests — just hke
real scientists do “

i The Learning Environment. You will provide Some information to
help the students solve the problems, while sumultancousty encouraging
:thcm to seck data wrthout your help. Further, the classroom must contain

. * the necessary materials by which the learners can test all the hy potheses
"+ thrqugh planned experiments Even tbkough there will he a "threering
¢ appearance in the classroom, 1t must be stated emphatically that the -
meanngful, relevant, and purposeful Self-confidence, 1nitiatise, and
rcspomlbxll‘ty are fostercd in such an environment

.

Evaluating Student Efforts ‘

. Stimulating students to use inquiry techmques will be httle or no
problem The problem that teachers face 1s how to “evaluate™ the efforts
With the current rage about awountability, 1t would seem that test scores are

.+ the only things that count anymore Yet the ‘really important results of .
!

Y P

o . 28 .
ERIC ‘ u'lj ‘ ‘.

[Arun:provaea o eric |




schooling are those that take years to learn and measure — good attitudes,
cmzenshlp,' ethics, a sense_ of moral obllgatlon to humankind, care of
property, recogaition of the nights of others to list but a few But such
philusophizing will not help you comince parents or school trustees that
their children are [¢arning something worthwhile 1n science To aid, there
arc a few extensions that might be applied to the traditional report card 4@
However, 1n suence the report card extension would stress the processes,
with just a mere passing over of the content )
Fam verv cogmzant that many ot the criteria that will be histed
require a great deal of subjective judgment on the part of the teacher But
being subjective 1s not to be confused with being arbitrary Subjectivaty s
that element of judging that requires a knowledge of the cniteria and a
: comparison of the individual’s performance judged by those criteria Think
§ " for a moment about the judging of a track me€ét w here the critenia are dearly
* defined for the sprints Now compare these criteria to those of gymnastics or
" diving In the latter areas the cniteria are known, but subjectively applied
This analogy applies to the judging of inquiry in the classroom
.. Figure 2 presents one of many possible sets of criteria You must

Runking bv Month*

Criterta for Laaluation in Saena

(e X1 Net Jan Feb

. Cunosity — awareness Of €m ironment, qucsuomng d((l(udt

Imtatne — abilinn to work independently without
\ direct guidance .

Willingness to risk failure to trv a novel 1dea

Sense of responsibility to the gro.up - -

Powers of obsernvation

Organization and purpose in attacking a problem

:
Care®and use of equipment .

Recordkeeping — completer;&ss and form -

Communication — relevancy of message

Ability to classify information

v

Abihity to formulate generalizations

. * The attitudes and behaviors listed are evaluated on a 1-5 scale with | indicating ‘Not
Usually Observed,” and 5, “Always Observed " Critenia that will be cvalyated are those
. having special relevance to the current science objectives and program
v ) -\ Figure 2 Evaluation of Pupif Progress n Sacngle
Y -~ 2 .
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select the criteria that you think aregppropmte to your science classes and
then apply them to each.student Over a period of months, you'll observe a

defimte pattern of science process behavior that indicates the relanve
rowth from using inquiry

In Conclusion

Quite obvioush . there are many other evaluation models that could
be illustrated It 15 my intent to show smply that evaluation of science
processes requires measures somew hat diffrent from the traditional
measures of cognitive abilities Teachers do have anxieties about evaluating
students 1n their classes when they must wse “processes  The previous
discussion might have givdn vou a few pomters from which to proceed |
would also suggest that you convene an ad hoc commuttee to studv the
general problem of sciencé evaluation and that sou and vour willeagues
prepare sets of materials for vour school district that would be apropus to
the science program being used After all, the essence of science s
imolvement What better way to lose @ fear of science than by getung
involved n 1t

" CHAPYER 3

. ‘USING QUESTIONS ,
AND TEACHING SCIENCE

The single most common teaching method employed 1n the schoals of
America and, for that matter, the world seems to be that of asking questions It
‘may have formally started with Socrates, but the practice still remains first
on the hst of teaching strategies of all scientists — and science “teachers.
Therefore, 1t 15 importarit for you to master the logic and apphcation of
questioning as you develop your capacity.as a highly competent science
educator

.
’ .

Formulatmg Meaningful Questions

If you are to teach logically, thenyou must be cogmuively aware of
the process of framing questions so that student thought procgsses can be
guided 1n a most skallful and meamngful'manner Implied 1n the above 15 that
you must de81gn quesu\ns that help students attain the speuflc goals (1 e,
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performance objectives) of any particular lesson While textbook and
examination, questions contribute_ to the learning process, most questions
that occur when teaching science are verbal and teacher formulated -

Although questioning 1s_an important istructional strategy, 1t
appears that teachers may have mustaken the quanuity of questions for
quality Researchers have found that some teachers ask as many as 150
questions per class hour To accomplish such a feat, most of the questions
would "have to be fact oriented (or very low level) While teachery often
stress that thinking 15 important, their questions do not reflect this
emphasis’ . :

. There are several reasons teachers support the use of so many fact

(low-level) questions. One rationale proposed by many teachers 1s that -

students need facts for high-order thm'klng .This 15 a cogent point, but there
are additional ways to teach facts, such as programmed instruction Teachers
also apparently overuse fact Questions because they lack systematic training
in the use of questioning strategies Studies conducted by myself and my
colleagues revealed that when teachers are trained in questioning, the
frequency with which higher-level questions are used 1n the classroom goes
up significantly C _ -

Another. reason that teachers have tended ti,ask so many low-level
«questions 1s ‘that, until recently, they have lacked an easy-toruse system to
organiize and classify questions They have also lacked a means of evaluating
the effect that different questioning techniques have on the learning process
This 1s where Bloom’s Tazwnomy can be of use A major\'lty of textbook
authors use Bloom's Taonomy to evalute the potential for critical thinking in
the classroom This question classification system 1s Based on the type of
apparent cognitive process required to answer the question Benjamin 5 -
Bloom and others? use six cognitive categories to classity questions
nlznowledge, comprehension, application, analysis, synthests, and evaluation
The thinking processes involved n this model progress from the simplest
(knowledge) to the most complex (evaluation).

. Each higher cognitive process probably includes all lower cognitive .

‘processes For example, if,a teacher asks an evaluation question, the student
will nomally* use synthesis,. analysis, application, comprehension; and

" knowledge to answer the question. Again we caution, When building skills

O
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and concepts, you may have to devote large blocks of*time to knowledge or
level-one objectives and questions. But we urge that you then begin to build
upward. If teachers emphasize low-level questions when 1t 15 high-level
quéstions that stimulate thinking and evaluation, theg we may have
discovered one of the basic reasons why students find sc':lrs?g‘\cc boring
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Although the evidence 1s somewhat inconclusive, there does appear
to be a direct relationship between the level bf questions ashed by the
teacher and the level of student responses Further, 1t appears’ that if a
teacher decides to raise her or his expectations for the class and svstomatially
raises her or his level of questioning, then all students raise the level of their
tesponses accordingly. Of coursgathis imphes a carefully planhed ques-
tioning sequence that would probably span several wecks of instruction \

-
; Tips for the Teacher ' S

The implications of the above for teacher decision making are many
Furst, 1f you want vour students toide\clop higher levels of thinking, to
evaluate 1nformation, to"achieve more, and to be more interested,. you must
learn to ask higher-level questions Secpnd, you must encourage your
students to ask more questions, and more thought-provoking questions, if sou
desire greater student involvément. in the process of learning

An example of one form that. you can use to evaluate questions 1s
shown 1n Figure 3 The form as presented 1s rather detailed, but you can
abbreviate 1t so that 1t fits on a 3” X 5” card The appropriate categories
could be summarized on the card and then tallied as they_are gencrated — 1n
the classroom' Or you could tape-record a class session, and then tabulate .
the questions during a free period. After estabhshmg a basehine rite, which
would represent the percentages for the various categories during a speatied
science pertod, you could”then systematicallydevise a change strategy to
improve any specific cogmtive-skill-questioning area .

\

.

Another 1important imphcation for those of you who desire to
stimulate cnitical thinking 1s that you should be aware of the advantages and
disadvantages of your science textbboks and other printed materials To
obtain the objective desired, you will usually have to supplement the
matenals provided One trick to use to develop student comprehension is to
ask them to make up two questions about some passage in the science text or '
about the data that they collected in some related activity

Summary. In teaching science you will realize that high-level
_Guestions demand more science activities ln addition, you will find yourself
"reducing the number of “nght answer” questions, with a concpmitant
increase 1n the number of open-response questions And this 15 just what vou
want to do'

.

Applying Three Strategies

The preceding discussion should  have given you a better
appreciation of the role that questioning plays in snmuhtmg, student
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teacher or studx:,nt — might be classified into three L&thOHCS or pattn
(N convergent, (2) divergent, and (3) evaluative .
“Convergent Questions. As the term denotes, the conyergent ques-
tioning pattern focuses on a rather narrow learning objective, utilizing
questions that elicat student responses that .onverge or fous v some central
theme Convergent questions for the most part elicit rather short responses
from students — e g, “Yes” or ““‘No’ or very short statements — which \
tend to be at the knowledge or comprehension level The use of the
. convergent technique per se 1s not to be construed as being “'bad " There are
many situations 1n which you might desire the students to demonstrate a
know ledge of specifics, and thus lower-level questioning strategies would
be most appropnate < .

For example, if you use an inductine tcachlng st) le (proceeding from
a set of specsfic data and aiming for student conclusions ), then vouutilizea | ¢
large proportion of conv ergent questions Too, you may wish to use short .
response questions as warm-up exercises by which to open, Clpse, or break ‘
the monotony of the traditional classroom, perhaps using a, “rapid-fire™ -,
approach This techmque would be most appropnate where you are
. building vocabulary skills, keep in mind, that much of science 15 imually
learning a kind of foreign language / .

The use of a rapid-fire convergent techmque also allows for
participation by a very large number of students as you fodus on specific
learning . objectives, skills, ttnmnologles ot solutions to 'LJSI]\ solved

2 - acuvities having 4 speaific “answer. . . -
Below 1s a hist of convergent questions Note that thesé qaestions all

meet the criterion of focusing the student responses on a narrow spagtrum of "

possible options, and that responding students wll rely on retall more than :

analysis , ' :

'l How could heating a tin can with a little water 1n 1t and then
- capping 1t possibly cause the can to collapse?
Under what condition does water expand? . oe R
3 What effect does acjd have on blue litmus paper .

r- 4 Where do you find the tallest dandelion plants? :
What ate the Van Allen Belts? - < ’
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Patterns {ge Divergent Thinking. chrgnntlv oriented questions
seeh responses that lead to asset of foci or a spectrum’8f responses Divergent
questions also ehicit longer student responses < 4

When the results of experiments or science activities are being

discussed and you want to elicit an array of student responses, dis ergent
types of questions are appropriate becayse multiple responses almost always
occur You can capitahize on this by asking a question that can be answered
with multlple responses, calling on three or four studenty in turn, and then
assuming a passive role mn the discussion, this, as you know, 15 a rather
sophisticated  strategy And because divergent” questions gengrate a
multiphcity of responses, you must be prepared to accept all student
responses, to allow or encourage novel solutions and Lreative responses

One ,techmque that will aid you imally in framing divergent
questions 15 to write the questions on paper prior to asking them In this
manner you can examine them to ensure that they are clearly stated.and
convey the precise meaning you intend The first time you use divergent
questions, you may find the class experience rather difficult or even
disappointing Because many teachers still devote the majority of ume to the
Qral recitation of very low-level learnings, students may not be oriented
toward pro 1ding responses that are longer and. or that result from higher
le\cN processes It takes a good deal of reshaping of student behavior
patterns t0 ¢licit proper student responses through divirgent questioming
techmques B \ lcrt the students that the questions will be varied and have!
patience By usmg wergent questioning you will soon discover that your
students are dealing n the higher-level thinking categories of the cognitive
taxonomy — 1 e , application, analysis, and synthesis.

Science by its very epistemology — the experiment or activity —
automatically creates diverse sources of information Use those sources to
create wider viewpounts in theograis Below are selected gquestions, adapred
from the List previously presented as convergent questions, that may now be
classified as divergent. \

I What types of structures x\collap hen they”are heated
with a htt%e water 1n thenj then have the opening capped?

2 What would happen 1f water contracted rather than expanded
on freezing?

3 How many ways could you test to determine if you-have an aad?”

4 How doesythe environment affect the eatly development of young
seedlings?”

S Why would one want to know about the'Van Allen Belts?

6. If we exhaust the nation’s petreleum regourges within 10 or 20

N
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vears, what will be the impact on our standard ot hving? .
7 List as many alternative fuel sourees as vou can, other than
gasoline

The Evaluative Questioning Pattern. the third basic pattem ot
questioning 15 one that utihizes divergent questions, butewith one added
component — evaluation The basic difference between a divergent question
and an evaluative question 1s that the latter has butlt within it an cvaluative
or judgmental set of criteria When vou ask wly something s “goad”” ¢
"bad,” vou are raising an evaluation question However, because 1t 1
possible that an evaluative question might ehicit nothing more than a poor
wllection of uninformed student opinions, vou must emphasize the criteria
by which a student fenders a judgment These critena should concern the
worthwhileness or th inappropriateness of an object or an 1dea

You can systtmatically help students i developing 4 logical
framework by w hich fo establish evaluatne criteria For example, if vou ask
a yuestion and the stdent replies with ““Because,™ then you will recognize
that the student 1s lacking n logical perception, may be dogmatic or
arbitrary, or just does not understand how to go about framing a fogical and
wnsistent set of evaluative criteria Once again, we caution vou not to use
sarcasm or any other put-down’technique, the typical teacher comment that
“You're not being logical” gives the student no basis for improvement
whatsoever bake a positive approach and remforce the student by’
providing examples that yicld a logical development of evaluatine criteria
Provide a specific set of criteria or specific ttems so that the student
develops his or her own SpLlelC setof criterta [n this manncr, a student will
understand why value judgments and opinions are being held  *

Observations tend to venfy that as evaluative questions are
presented and student responses ehcited, the teacher and the students tend
to want to classify the évaluative responses along some type of continuum
ranging from ““bad’" or itlogical responses to “good’ or logically developed
responses  How do you classify wevaluative responses? By logical
development, interfial consistency, vahidity, and perhaps responsibility In
short, 1t'1s suggested that you once again accept all student responses and
that vou discuss apparent lggical inconsistencies that desglep after the
student has had an opportunity for classroom discourse =

Follow ing are examples of evaluative questions Repembes, most, 1f
not all, evaluative questions wall be divergent, the on
the

? v ilue of some

criterion that

separates divergent questions from evaluative ones 13 atter rely on
the establishment of judgmental criteria or the judging of

idea based on other pre-established values, erteria, opfonventions Note

36(
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that some examples previously designated as divergent questions have been
converted below 1inte evaluative questions.

1. Why 15 Newton's Third Law of Motion — *'For every action
there 15 an equal and opposite reaction™ — so important 1n our
. lives?
2 Why s the world a bcncr placc in which to hive becausegf
computers? .

3 React to the following newspaper headline *“Inventor Claims
Pupetual Motion Machine ' :

4 How has the federal system of 1mcrst‘uc hli,,hwau harmed or

helped our envirpnment? JERERE ’

Defend the strip mining of coal 1n eastern Montana

(1]

6 To what extent 1s the gene theory more viable than that of

spontancoup generation? ’

. ) .

D you, reahize that dlscussmg dl\(.rgt.m ‘and  evaluative
questions, [ have been using the term Fespomses, nOt amswers? Answ ers carry the
cognotation of being complete of the single absolute final word 6 be sure,
convergent. questioning patterns may elicit student ansucry However, you

. must recogmize that when divergent and evaluative questions arc frated, the

students will be’ providing responses — the degree of finality 15 not there
* ¢ By ‘

A \

- Technical. and Humang Considerations .

X Framing the Questions. The use of classroom questions 1n a science
period, a tutonial period, or an nquiry session 1s alw ays predicated on the |
assumption that'meaningful or purposeful learning actinity 15 taking place
To ensure that this occurs, you must ask questions ina pusttive reinforaing
manner That 15, questions should be used so that th®student enjoys learning
about science and will recerve positive reaction to his Or her responses

\ " The basic rule for framing a question 1s Ask the qucstion, pawse, call on
student  This rule 15 grounded 1n the psychological principle that when a
question 15, asked, and then followed by, a short pause, all stadents will
“attend”’ to the communication The nonverbal message 15 that you might
ask'any student in the class to respond Thus, the attention level of the class
remains hlgh If you reverse this pattern by requcsnng & particular student to
respond prior to actually asking the question, then all&those students who
are not involved have an opportumty, “not to attend’’ to the commupicagion
between you and the student. This same type of question framing can be
used even when employing the multlp]c responsc technique wherein you
request severa] students to respond . .

.
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When vou deselop the habit of pausing atter ashing a question, vou
will Jgira not to “'dread” the wait ume Mary Budd Rowe discovered that
teachers are most impatient \\ltb students when dsl\ln;, scrence related
guestions © She measured the  wait time™ of manyv metropolitan school N
teachers and found that wait time between ashing 4 question and either
answ ering the Jues sfore the student or catling on another student had
to be measured 1n Imtﬁm of seonds’ Ty 1t any wonder that some students
dreaded to be alled upon Thes l\nc“ it would chert impatient behas tors

trom the teacher 1 want vou to'know that.classroom silence 1s not bad when -
asking questions and waiting tor the responses o
Probing Techniques. Once activities have been concluded, o §

question has been asked; and a student has been 1dentified to respond, there
15 alwa»s the possnblht) that the student will not answer the question -
,ompletclv This 15 a common occurrence 1n science classes When this dees ‘
happen, you need to move 1nto probing or prompting strategics that attempt
to danf» the uestion so the student can understand 1€’ better, that cause the
student to amphfy the response, or that elicit additional responsis from the
selected individual so ygu can venfy whcthcr or not the student ’
comprehends the matenal '
If a student has nesther clarified the qunsnon nor adequately
. amphified the respgpse, then use a probing techmque o dothts 10 a
, positive manner, acknow ledge the attempted response but then encourage
the student to clanify or amphfy 1t
Promptmg During a science discussion you must prompt students
50 that an incomplete response can be transformed 1nto a more omplete or
logical response Basically you will use the same technigue as discussed s ;
above regardm\g probing — e, you will always ard the student withi a
positive reinforcement so that the student 1s encouraged to complete” any
incomplete response orgesise an incorrect one In most cases the studentThill .
respond’ to a question with a partially correct response Or stating 1t~ -
negatively, a student™will often respond mith a partially incorrect response ™
in addition to a partially correct one Immediately upon hearing the response .
that fits this category, begin to prompt the student so that the response can .
be completed, made more logical, re-examined, or stated more adequately or RN
more appropriately . 5 T
Handling Incggrect Responses. No matter how. shilltul you are i *
motivating  students, providing adequate and relevant anstructronal
mgterials, and asking meaningful questions, there will be gne continual
problem that detracts from the intellectual and interpersonal activitics of 2
science lesson — 1incorrect student rcsponscs o
§ ' : ‘
]
ERIC | bt ’ ‘
,.K o i

. ~ ’




*As was discussed previously, you can use probing and prompting
techniques “when a studcnt response 1s partially correct or incompletcly
stated Basically. prompting and probing are rather casy technigues because
vou can remnforce the posttive aspect of the studertt’s response, While

¢
ignoring the, negative or ncomplete componght Howcver, whon o student C .
gives a tota“\ 1ncorrect response, a more complex situation arises bst, \ux |
ha\e Little to runforcc sitively, and such teacher comments s "No™ o ‘
pos

" That 1s incorrect’” act as negative renforcers which, depending on the
., persdnality of the student who responds, might reduce her or his desire o
. participate 1n science dlscussmns or recitation Sccond, 1f you respond very .
. adversely to an 1nc0rrcc.t-studcnt response, therc 15 2 hlgh probability that
. the * npplc effect” wnlLappcar JacobS Kounin*; who has so deseribed this
éffect, demonstrates that students who are not themselves,the target of the
_ teacher's aversive strategy are, in fact, affected by what the'teacher does to
_ . "other tlass inembers T e
« 7, What, then, can you do? Since the entire approach to this method 1s
to stress the. positive, @e fust decision you mught make 15 whether amy
portion of the studedt’s verbal response can be classihied s valid,
appropnatc or’corrcct Followng this "*spht-second" decision makingyaou
. emust then provide positive reinforcement or praise tor that particular
portion When an tncorrect student, response provides no opportunity tor
positve reinforcement, you might attempt to move to & mutral probing or
“prompting technique For cxamplc you might state, " Your n,\punsg 15 in
the magnitude of the answer, “Could you tell us how youarpedar ||
vour answer?”" Note that none of thcse responses 15 totally negative, but cach
can be considered as neutral 1n that it 1s not positive erther ' . -
Concept Review Questions. As you begin to develop contidence n !
using various questioning techniques, 1t becomes necessary tor vou to revicw
in a most efficient manner those previously learned science concepts and to
rekate or correlate them to knowledge 'that will be gencrated at a later datc
In mogt"cases, teachers tend to schedule a review prior to & summative .
evaluation “‘Review Thursday” tends to be an ineffective use of student ™
time 1 that the vast majority do not need the review and tor those students
. who do, such an oral exercise 1s usually fruitless in expanding thar *
tellectual understanding of whatever 1t 15 that the teacher desires . .
How can you review previous concepts while L()I]dULtln}_’
questioning strategiey’ One successful method” 15 to re- Lntqr wnegpts
discussed previously but in the context of“ncwffy"‘{drf.atgd matchial For -
example, if you are progiessing through a unit on ekcmuil cirrents, and the
topic of j)attencs has already been covered, and™a rdamd wpic — c.g.,

. !

o | I ,
ERIC . 44

Aruitoxt provided by Eic:

i
% \
’ i




)

O

ERIC

Aruitoxt provided by Eic:

oy

-

—

chemical reactions that produce energy — 15 being studicd, you begin tq ask
questions relating to batteries and their chemical reactions [t's that sumple
The concept review techmique requires that you be alwavs on the
alert for a teachable moment that will allow a mgamn%lul l’lel’ll)n\hlp to he
Lstdbllshtd a previous concept to be rcmforud ora \\nl’hL\l\ \)Il\nu\\ [Ld}_‘L
to take plau thereby creating one more motis ational tactor tor the class
. . Encouraging Nonvolunteers. With most science activities.” sou
i have no problem encouraging students to respond to guastions or to
present their fyndings to the class But what are some hlptul strategies in
motn ating nonsolunteers to respond verbally during a uestioning sesston?
The first techmique 15 to mamtan a highly positive approach toward the
student. Once the nonvolunteer has responded appropriately . there should be
generous positive feedback to encourage the student to continuc such
bLh‘L\Nmr Another tuhmquc 15-to ash rather easy evaluative questions sinee
most,students respond to yuestions that concern judgments, standards, «
opinions
Another
participation 1s to make & game.out ‘of questioning from time to tune Place
cach student’s name bn a card so that you can draw the cards at random, thus
creating a condition where every student could be called on to reaite

method that can be used to increase nonvolunteer

Too, there 1s nothing wrong with giving the known nonresponding
students a card with a guestion on it the day betore the mtanded orafe
rgetragion period Very quictly hand these students a card and tIF them thes
n‘hgbt? Lth.l\ over the assignment so that thes can summanzce thar responses
for the next class period At least this method begins to build 4 trusting
relationship between you and the students ’

. I do not condone calling on nonvolunteers tor aversiv Cor punishmant
acties Schooling ought to be positive with attectine conscguences of
“approach tendencies” being emulated  As a gencral rule the ost

influential means by which you can encourage a nomy oluntewr to participate

*1s to be sincere and genuine 1n treating each student as a human being

Nonvolunteers have learned, and probably painfully, that it doesn’t pay to
sav anything in the class because the teacher will “put you down™ anyhow

1
~

Developing Student Skills in Framing:Questions .

The previous techniques have been oriented toward the teacher, but
there is another source of questions that is often Gverlooked — the students
themselves Classes can be organized to encourage student communication,
. giving each one a chancc to express opinions and ideas, but evidence shows

that teachers do most of the talking. N
’ N LIN 4
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Studies have shown that (1) students can be encouraged to ask
productive or higher-level questions, (2) the more questions a student asks
per period, the greater the probability that the questions will be at higher
levels, (3) praise will encourage and stimulate more productive thinking
processes among students from lower socioeconomic backgrounds, and (4)
students become more involved 1n the classes in which they are encouraged
to ask questions. ,

To teach students how to frame their own good questions, refer to
the game that was first made famous many years ago on radio, “Twenty
Questions " The game of “Twenty Questions,”” 1n which participants ask
questions to 1dentify something, can be applied in the classroom You.can
present a problem or 1dentify some concept that needs to be discovered and
then allow the discovery to take place only through student questioniag
Initially you condyct the session. But as stadents become more proficient at
questioning skills, then they might conduct the entire sesston with you
merelv analvzing the various interpersonal reacuons

] Richard Suchman® prepared an Ingury Devclopment Program
published by Stience Research Associages where the emphasis 15 on”

" developing student questioning skills. Using this approach, you present a
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problem to the students and then play a passive role n the learning,
responding only with a “'Yes™ ora “No™ to any student’s questron What
"this means 1s that the students must learn how to ask questions on which
they can build a pyramid of knowledge, ultimately leading to a convergent
response or answer, rather ‘thansimply a series of unsystemanically asked
questions, When this technique ' 1s utilized with students who have had
almost no opportumty in the classroom to ask questions, the imitial tesults
can be rather “sad.” However, you should review each lesson and give
precise and detailed directions on how the questioning can be improved As
one alternative, if 1t would not be too slow, you might imually write each
student’s question on a chalkboard or on an overhead projector transpgrency
so that each student would have \1sually presented those questions that are
asked by her or his peers In this way information andsskalls can’ be built up
gradually 1n a somewhat systematic manner

Of course, when developing student skills 1n framing questions, 1t .
becomes impérative that the students understand the logic that each question
must encompass a large category of specifics In short, you.must give
practical application to deductive logic sklls.

Another alternative to use in developing students’ skalls in framing
questions 1s to have students prepare recitation questions based on the
sciencé data being studied. In this manner you can assign a few students cach
day to prepare a series of questions for their peers To be sure, most students

.
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will be orented only toward facts since that 1s what 1s most often
ternforced 1n their learning But 1f you are skillful in continually reinforcing
those questions that are aimed at higher- level thinking skills and 1n
ultimately helping each student to prepare appropriate higher level thinking
questions, you will gradually observe improved questioning skills
" % © Asateacher you will nOtN&l})at as you begin to encourage the class
members to ask questions of each other, there 1s a subtle shift of
responsibility to the class Teachers usually admonish their charges to
"accept more responsibility " I submut that it 15 1n the learning situations
where greater responsibility may be acquired The latter statement implies
that responsibility 15 a **learned behavior” just like so many other behaviors
As a teacher you owe 1t to your students to}help them become more .
articuldte and thoughtful individuals What a splendid opportumity exists
1 by a shght shift in classroom, questioning techniques As was stated .
previously, this technique must be carefully explained to the students and
then practiced for a few class periods You and the class can écnerate asetof
cfitenia that provides information or rules by which ;Ec Yarious student
made questions are framed Then, perhaps once a week or more often, the
students can canduct the questioning sessions Fusther, this method acts as’
prerequisite experience to student-led discussions
S _ Teachers with whom [ have worked have all been pleased with the
results of such techniques And, more importantly, these same teachers were
amazed at how they underestimated the potential that existed in theyr classes. |
am not 1mplying that these techniques are simple to 1mpleLnt It takes
much work and planning But the attendant rew ards make both teaching and
ltarrﬁng more worthwhile ’ . ..

|
~ - I

“Teacher Idiosyncrasies: A Caution .

One would speculate that all teacher- behaviors that may be
. associated with questioning are positive and*cmouragmg After all, one
+ needs only a few tricks ‘and a smile and shazam — 1nstant success' Un-
*  fortunately, there are teacher behaviors that, when used mappropriately,
ma$ interfere with a,smooth classroom verbal mtcractmn pattern Briefly w
these idiosyncrasies are (1) repeating the question,. (2) repeating all the
o . student responses, (3) answering the question — - y€s, answering one’s own
L question, {4) interfering as a studcnt completes a long response by tutting
the gtudent off, (5) 1gfonng — 1e, not attending to — the rnspondmg
student, and (6) callmg on the same few studcnt§
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Summary

lfyyou have perceved that [ am attempting to make a “'game’" of
science l/eéchmg, then you are absolutely correct! Science ought to be a ime
tn which everyone has fun learning or at least will have approach tendencies
while learning, If science can be meaningful and relevant, then students will
enjoy working at 1t Students have approach tendencies for those areas in
which they are successful, if science 15 distasteful, then 1t 15 because, for the
most part, students have been unsuccessful in science Such an attitude can
be easily gectlfled by making science, or for that matter all subjects, success
onented -

All of the above questioning strategies must be considerdd among
vous tools of the trade But learning would soon become a very trite and
boring exercise if it were centered only about questioning While questions
comprise an 1mportant set of teaching tools, they are just that — tools Each
technique must be used appropriately and must be congruent with the
objective that you have for any specified student, group of sfif&cnts., or class

Finally, you might realize at this point that the technigues you need
toapply to improve the teaching of science are some of the same that can be
used to mprove all subjects

/ |
CHAPTER 4
BEING SUCCESSFUL

WITH SCIENCE-RELATED
- DISCUSSIONS

N

©

The most successful elementary school teachers tend to use a'mix of
indiv 1dual and small-group work. Both of these topics have been previously
introduced Thus, those promised elaborations with the emphasis en proess
objectives rather than pformance or behavioral objectives are begun The latter type’
of objectives specifies exact learner hehaviors 1n terms that make learning
observable Nearly every teacher in America knows how to identify, write,
and specfy learning Th performance terms

However, there is yet another type of objective that may be of
equal, if not greater, importance — the prowess objectiwe A process objective



. -

requires the learner to participate 1n some technigue, Interaction, or
strategy Process binlding 1s much moreAubtle than specifying pertormance.
objectives and peQuires that you carefully plan cxperinces for the learners As
was mentiongd previously, the schools should develop responsibility, a
process which talees vears to accomplish and which some individuals never
master Development of a process such as responsibility requires that the
students have something about w hich to be responsible Likew 1se, practice,
planning, and cumulative experiences are all necessary to devclop successful
processes 1n small-group and discussion gechmques / .

[t may be confusing to use proess with two dehimtions (1) the 13
scientific” processes, and (2) the process objectives that relate to learner
interaction with techniques or strategies So, to avord anv problem with
semantics, | will always refer to the first class of processes as sauntific prodisses *
and the second classification as interaction processes

On analysis you will discoter that the scientific processes tend to
belong to the cognitive domain of skills, while interactive processes tend to
fit the realm of the affective domain — the attitudinal dimensions of fife and
learning Let us examine how you can determine the status of your classroom
group and what organizational and indiv1dual dev elopments gre necessars to
use the interaction processes most effectively

The Basic Organization

. Establishing Goals. The first requirement of conducting a success -
ful small-group science leaming activity through either a discussion or a
small-group learning unit 1s the development of a set of leng range priorities
While performance objectives are written for the immediate, interaction
process objectives are written for the development of skills, attitudes, and
know ledge that require long periods of tme to devclop Long range
objectives dre important bécause, as the planner, youmust identufy the shalls
that the learners must demonstrate before they can approach or achieve =
mastery of any stated objectives. . : /

As an £id"to yourMong-range planning there are several’shills that
both you and the learhers must be able to demonstrate These might imitially
be called pre-discussion skills Below 15 a listing of both théorder and the ty pes

that are _prerequisite to conducting successful small group

ss10ns 1n sclegce

I The teacher knows how to sclect and gshyquestions i a
' . systematic manner ‘
® < ~
2. Studentd learn to respond to divergent questions.
- * 3 Students learn to, respend to evaluative questions

~

.
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4 The class 1s sub&h&icd into small groups to dmuu topics that
require divergent and convergent responses

5 Students can complete committee tasks

6 Students learn to ask questions of each other and of the teacher

7 The teacher identifies the needed mteraction prowesses tor speerfic
individuals and for the class as a group

8 Small-group units are formed 1n the class

9 The teacher prepares student leaders, recorders, and obseners

10 The class 1s subdmded for teacher-led small-group discussion

11 All class members comprehend the concept of tormative

*  evaluation

12 The teacher and the students plan for appropriate discussions

I3 Students learn roles for various discussion techniques

14 The clas$ 1s subdivided for student-led discussions

IS The entire class critiques and evaluates small-group cttorts -

16 The procesgcs dssociated with small-group discussions are
incorporated i the ongoing activities of the class

"On furst reading, vou might be overwhelmed Please don’t be The
above 16 major tasks are easily incorporated into Science instruction, but
they are also easily implemented during social studies or language arts
lessons The hist a5 provided to help you evaluate your own classroom and
what needs, to bc done to improve student skills through meaningful
experiences " .

You already have studied, and perhaps mastuud the art of
guestioning w hich wad detailed n Chapter 3 More;than bikels you are
alrcady using some elements of individualized learning such as lurmngy
centers 1n your classroom Most. teachers utihize some small group activities,
often th rough committees All that [ ami proposing 1s that you extend these

’ testh teaching strategies to the field of science 1 a systematic manner Let

us develop the entire techm

Developing Small Cgroups Group size 1s an important vaniable bg-
cause 11 1nfluences learner participation levels To state absolute minimum or
maximum numbers to ensure successful Interaction ¥ diffrculs An optu}]al
size generally appears to range between four and eight

When four or fewer students are involved 1n a scienee discussion
group, there 1s a tendency to."pair-off” rather than interact Conversely, the
hkelihood” that all students will participate decreases .when the group
nugaber approaches 12 With larger numbers — ¢ g., 15 or more — a few
students tend to remain \ery interactive, a few somewhat Interactive, and
the gréat majority silent or passive [t sccms/apprépnate to subdiv1de groups

'
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of 12 ormore into groups of six to exght prior to the imtiation of a small-
group discussion The topic, the group, and the leader’s experience all affect
this decision

A discussion denotes an exchange of 1deas with active learning and
participation by all concerned On the other hand, recitation tends to be a
passive techmque from the viewpoint of student actinity Discussion
methods seem to be logical extensions of student irfteractions with materials
or objects dunng science activities as student and student or student and
teacher exchange thoughts Discussions allow students to discover, devclop,
state, and react to personal vi ypoints — not merely to'repeat thoge 1deas
that you or a text has presen - .

For purposes of clanfication, a science discussion 15 dcscnbt.d as
including these elements. ~ . '

I Asmall number (6-12) of students meeting fogctht.r

2. Recogmtion of a common science topic or problem

[nitiation, exchange, and evaluation of information and 1deas that
relate to science. ’
4 Direcion toward some goal or objective (often of the
participants’ choosing ).

S Verbal interaction — objecnvely and cmotlonally .

.« Why Use Discussions?

Discussions and small-group learming units are most appropnate if
you, desire to increase teacher-student and *student-stutlent  verbal
inzeraction in the classroom. Recall \h Chapter 1 that 12 different goals for
using small-group or discussion techmques were descibed as being
appropnate to aid studen’s in becommg more responsible and 1ndependent
learners. During the actual science lesson, students become active

participants n the elass activiies and demonstrate both their suientific and-

N -

their interaction process skalls *

° " A-well-accepted psychologxcal principle 15 that students leatn best
when they are actively involved or participating If you desire to promote a
mde range of interests, opinions, and perspectives in the science class, then

all-group discussions provide another way to aceomphsb? goal If you'

desire to have different students doing different tasks or acfivities at the
same tume, al] leading to meamigful goals, or if you desire to practice
indirect control of the class, then disgussion 1s an appropnate techmque
Small-group discussions profide an excellent method for dealing

with controversial 1ssues or open-ended questions The need for a loeal,

¢ state, or national science policy, the problems of advocating a particular

A~
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solution or point of view, and efforts to inform are all approprlate subjects
for science-related discussions. . ,

One cntenon 1s cntcal n.planning for the use of small‘group
" discussion activities. Is the activity, question, or grouptask one for which
there 15 abundant data? This criterion requires that you know approximately
the range, amount, usefulness, and timeliness’of available matenals If the
students are himited 1n their research to collections of outdated, naccurate
matenals, then they will not be ghle to challenge prejudices, develop open-
minded and flexible approaches to new information, or learn how 1o reflect
upon the acquisition of new kpowledge

It 1s your responsibility as a teacher to devclop the habit of thinking
1n terms of the-students-and-I-working-together A “‘we’" attitude helps you
1n establishing clear goals that revolve around teacher-student relationships,
studenttudent relationships, the learning purposes of the classroom, and a
supportive emotional climate and learning atmosphere, so that each class
member-respects all other individuals and their respective 1deas

Every one of us has expenienced, 1n exther large or small classes, how .
the in1t1al sessions are often marked by a lack of responsiveness and 2 general
chmate of anxiety Group development and cohesiveness are attained only
gradually Effective small-group facihtators understand how to plan \
experiences that reinforce group goal-sefyngy, group effecuveness, group
interactior, and group development 3o

’ Studies have shown that, when conducted under “appropnate

conditions, small-gfoup meshods are superior for selected purposes There 1s
evidence that changes 1n social adjustment and personality can be facilitated
through small-group 1nstructional methods. Further, 1t has been demon-
strated that small-group activities help to increase the students’ depth of
understanding and grasp of course content Two affcctnc consequences have
been demonstrated as being attnibutable to-small-group techmgques (17 the
enhancenfent of motvation and gréater involvemgnt by the students, and (2)
the development of positive student atutudes foward course ‘matenals

Finally, 'you will find that when you use small-group discussion
techmques your students will develgp .science problem-solving skills
because they obtain *greater practice in the application of concepts and
because théy realize that the content information has a practical use

Two general skills — inquiry and cooperativeness — will tend to
increase the effectiveness of the small-group participants As groups develop =
coopergtive members, the quality and quantaty of learning become amazingly

high. Conversely, 1f the group members compete with each other, there 1s a%y

tendency for both the quantxty and the quality of learning to decrease of*
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course, to reach selected nstrultional goals, intergroup competition may
actually be desirable (if not carried to an extreme) The overall success of ..
small groups within your classroom depends on your selection of a blend of
discussion modes, some of which require intragroup cooperation and a few

= that call for intergroup compegition, which may be n the form of science
related games or simulations §

-

Introducing the Concept of Evaluation -

Evaluation of discussions 15 designed to provide feedback to each
individual who participates in the group activity  Since small group
discussions are interaction-process-oriented, that process” should be

. wontinually evaluated so that each participant may improve In the preparation
of such evaluations, simplicity 15 the key concept You ask what the goals or
objectives of the activity are, 1dent1§y appropriate criteria by which o
judge each component, and then prepare a model form for the evaluator

» . Once the evaluator has judged the‘group activities, data from each

ind1vidual should be compiled so that the group can receive aggregate or
wmulative feedback It 1s possible to tally all of the individual responses for
each 1tem and present the sums to the g'roup’Thls techmque allows}gach
individual to compare the self-rating results to that of the graup ™

. . Evaluation forms, often simply homemade, may be filed by you or by

‘ each student 1n order to determine the type and direction of grow th for cach

. * participating (ndividual Such data enable,you to help studedits who have

. not mastered specific discussion sklllf’and‘to provide tuture direetion for the

. group’s use of discussion Y. o )

* One form of evaluation 15%sin 20 SWcord the numberpt times each
student interacts verbally - This form cotMPbe prepared w ithout any $pecial.
printing. It would look like Figure 4 The e aluator tallies a mark cach time
any individual speaks At the gnd of the discussion the leader, and pethaps.

even you, could examine the tabulation to-determine 1f someone dominated 18
N - .

b

‘ -

Naimes of Group Members Number of Interactions ™ %
I Taura Anne, Lcader H W 7
.~2 Gus, Recorder It
* 3 Jerrvd |
4 tlaine Ul ! . .

5 Sharon g & _ M 4 . .
£ Pat . . Il o

s - \
hgure-4§g‘%‘l&§ Mcthod Evaluation Form
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the discussion or 1f someone did not contrnibute to it The rationale for this
type of evaluation 15 to promote nteraction behaviors, not to blame.anyone

.. Another possible model instrument that 1s designed to get feedback
figh the participants themselves, notjust the evaluator, 1s shown 1n Figure
5. You or a small-group evaluator might then compile group data on a graph
to better observe the total range of responses .

- Other evaluation forms might help group members assess their own”
participation over time or test the affective dimensions of the discussion
(particularly when decisions or value judgments are made or data
interpreted) The form 1n Figure 6 could be used duning a science discussion
. . that focuses on value-laden 1deas or decision making,

.
N v

¢ » -
Techniques for the Classroom
" Lepus now address four well-tested small-group techniques that are
most suited to science classes (1) branstorming, (2) Philhips 66, (3)
tutonial, and (4) task groups. You might even mix some of these asyou gain
experience with them 2 '

Brainstorming. A vty simple techmque that 15 useful when
creativity 15 desired 1s bramstorming Most science activities have some
elements that require students to do some freewheeling thinking Tlis s
when you want to use a brainstorming group Any number of students can
become’ mnvolved 1n a brainstorming actiyity  The shorter the discussion

eriod .1, the smaller the groups should be, so let time dictate size
within a 5- to 12-person hmit. ’

The brainstorming session 1s started by the leader who briefly states

the problem under consideration The problem might be as simple as *"How
can we collect datizbout the problem?”” or as complex as ““How can we set
up an experiment to test seed germination?”
After the topic 1s stated and before 1nteraction starts, i'1s crucial to
. select a method of recording the discussion It could be taped, or one or more
students who wnite quickly could serve as recorders.
Although all the students will be onented to the rules, make sure
that the student leader enforces these procedures The following rules seem
to be especially important

B

1. All 1deas; except for obvious jokes, should be acknowledged

2 No cnucism s to be made of any suggestion. -

: 3. Members should be encouraged to build on each other’s 1deas In
the final analyss, no 1dea belongs to an 1ndividual, so encourage

“‘piggybacking.”’
1 , 49 \
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Brrections To evaluate your group. place an X" on the lme above the statement that best
describes vour reaction to each of the incomplete sentences -

Group . . Date_

Name

"1 1 thought that the discussion

Gave everyone 3 chance Allowed almost everyone Was dominated
to participate freelv. a chance to,participate by only a few
freely

2 As far as mv participation 1n the discussion, |

Was reallv with 1t =2 - Could have done better Was totally out of 1t

T 3 The discussion leader

»

7 .
. Encouraged a wide range Selected only a few Seemed to domin-
of participation persons to participate ate the discussion
most of the ume ..
]
. W Figure 5 Checklist for Discussion \ )
X . ~
L4
Dirz.tions The student who evaluates dhe discussion should cirle the response that describes \
the conclusion If any negative evaluations:are given, then a short statement of how that aspect
can be improved must be given N .
| To what extent was the task Well Somewhat Needed
vclearly defined? s dcfmc(!* defined . clanfication
Al
* !
2 Were all conclusions defimtely Very well Somewhat Suggestions
sE_a’gcd or identified? stated stated to umprove
3 How would you rate the value Very Somewhat Impracucal
of the conclusions’ . practical < practical
N .
4o P
4 Were the conclusions made 1n Yes No, the conclusions
. hght of the problem? were made by considering
- other data
5 How well did the group stare  ,  Much Some There seemed
information? shaning sharing ” to ma need :
Ed
AN . s . for Mrore
N A
6 To what extent could you determine  All | Most There seemed
if the participants were pleased seemed seemed to be a mix
with the manner 1n which the dis- to be pleased
cusston took place? ‘scd
> " ; ~ 3
- : Figure 6 Discussion Product Appraisal Form .
50
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4. Sohcit 1deas, or opinions, from silent members Then give them
positive reinforcement

5. Quahty 1s less important than quantity, but this does not rehieve
the group members from trymg to thmk creatively or
intelligently

Brainstorming 1s an imit1ating process and must be followed up with
some other activity After the discussion or bramnstorming session, 1t 15
important that the 1deas presented be classified by ty pes and then evaluated
for use by students in follow-up activities One way to follow up would be
to use the 1deas generated 1n the branstorming session as the basis for
another type of discussion Brainstorming can also lead to the prioritizing of
the elements — e.g.,'when you desire a senes of suggested science topics to
be assessed 1n prionity for future study

The evaluation of a brainstorming gession should not be lengthy, and
1t should be nonthreatening for the participants Remember, you want
everyone to contribute, regardless of their level of academic Lapablht) You
may want to make some private assessments about academic levels, levels of
inhibition, or who 1s “‘turned off’* by science, but all public evaluations
must be highly positive 1n nature

Phillips 66. The ‘Phillips 66 “discussion group nvolves exactly
Six students, and was developed by | Donald Phillips at Michigan State
University It 1s established quickly and does not call for pre-orientation
Students do not have to be highly skilled 1n ggoup jnteraction for this type of
discusston to work effectively In fact, the Phlfips 66 technique 1s most
appropriate as an iitial mixer actvity.

The class 1s divided into groups of six ( thiscan be done by you or on
a }olugger basis) The groups then have one minute 1n which to select a
secretary and a leader At the end of one minute, you give a clear and concise
statement of the problem or 1ssugyfor discussion, worded so as to encourage
specific single statement answz he students then have exactly six
minutes t0 come to an agréement as to the best solution for the problem

'When using the Phillips 66 group i the primary grades, you may
decide to eliminate the role of secretary, but I woild encourage you to sull
consider the benefits of having one of the students summarize the group’s
solution. Listening and summanzing dre important skills for group wotk,
and the Phl"lp%& method 15 a good traiming techmque for future group
leaders, recorders, and evaluators.

The Phillips 66 discussion group can be very useful as an imtiating
activity for a concept formation or attainment lesson or as a lead-in for anew
scienqg umt. You can probably think of many other appropriate times when

.
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it would be beneficial to focis the students’ agtention on a problem or
concept and to quickly create interest 1n this préblem or concept
. Your role 1s very 51mp‘le You decide hie topic, arrange the
groups, start the discussion, and then just observe After the dISLussl\)nr\
over, you might want to discuss with the students ways that the leaders can
N keep the groupfocused on the task
Tutorial. The tutorial discussion group is used most frequently to
help students who haye experienced difficulties in lcarning either basic
shills or a single scientific concept, or who are absent from science asses
Lhe group has only a few students (usually two to four) and focuses on a

narrow range of materials It1san excellent way to facihitate the handling of
manipulatives or to demonstrate and evaluate motor activities
The arrangements for a tutoring session should provide easy “eyehall
to eyeball” contact to ease the flow of communication amony all persons
The selected discussion leader 1s clearly 1dentified and, as such, plays a
somew hat dominant role 1n the group process This leader has three major
fun;tmns to perform when 1n the tutorial mode (1) questioning the group
to pmpomt the exact problem that has blocked learnmng, (2) proyiding
information or skulls to facilitate learning, and (3,) encouraging all’to ask
questions and seek answers among themselves
Lest you have serious reservations about the tutorial technigue, 1t
has been demonstrated that students often learn better from cach other than
from the teacher' Many school districts cugrently use student tutors and are
finding them to be, 1nvaluable resources for the classroom teacher (Of
course, a teacher aide makes an excellent tutor ) [ caution, however, that
prior to using student tutors, you must be satisfied that each one has
. mastered the necessary competencies — such as the skills of questioning,
giving positive reinforcement, and analyzing work tasks The student who
leads the tutorial science discussion also needs to have developed some skalls
in the area of human relations The leader must be patient, yet providc warm
. and friendly encouragement The leader must also keep the group.mowng
toward 1its goal accept the inputs from those who learn slowly, and prod
those group members who are slow to contribute . .
Although probably most often used to alleviate student learning
difficulties, the tutorial discussion group 1s an excellent method by which to
- encourage independent projects for advanced learners “Many gifted students
will find it a challenge to try to explain their project to other students
Task Group. Another easy-fo-use”discussion type 1s the task group
As the name implies, students are 1nvolved in some type of work or activity
in, which significant contributions can be made by each group member

N
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Prerequisite to using the task group s the specification of ¢learly defined
tasks or assignments to all group membgrs. The task group 15 very stmilar to
a committee, hawng clearly defined goals, indis 1dual assignments, and roles
Further, 1t 1s beneficial for y ou to establish awork schedule and a system for
internal monitoring of achle» ements, and mmal];r even to provide all of the
" learning resources that may be necessary to accomplish the identified tasks

i

Realls, the Tattet 1s recommended At the scheduled conclusion of the task,

ERIC
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each subgroup reports 1ts findings to the entire class

Task groups tend to be'tedcher dominated 1n that the teacher usually
selects the tasks and assigns cach cldss member to accomphsgsortie specific
role This discussion type can be used fery efficiently during the cardy part
of a semester when you are attempting to provide students V\th‘SPLLlflL
scientific process competencies Using this technique you can ohserve how
selected students work with each other and how responsibly they tend to
accomphsh the task that has been assigned. . )

b

In General N

.

The use of small groups in science’instruction 1s one more method by
which to, make your “class more self-sustained The technique 1s not to be
construed as an "“easy way'' out of teaching science After reading the text
to this point, you must surely be asking, ““Can anyone possibly have the time
to do all this and teach science, too?”’

The response to that thought 1s that both science and discussions are
“chieflv processes As you teach one process, you integrate the other My
point of view 1s that teachers should realize that science 1s easily adapted to
any reasonable teaching techmque Further, by developing small-group
discussion strategies, you will find that you will have more time to interatt
with your class members. “Tt will be, of course, an interaction with small
groups — but 1t does increase your ﬁgera_ctlg](mgmflcantly

N P

. CHAPTER 5

FITTING THE PIECES
ALL TOGETHER FOR SUCCESS -

v
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At this pomnt you might just be thinking to yoursdf “Hehasn’t
mentioned one thing about needing further science traiming " That 1s correct
and I had ongnally ndt planned to mention 1t at all My ratonale 1s that

. - . . ,
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. elementarv school teachers are expected to ‘be, really, t_h:" last of the
encyclopedists Every advocate tends to conclude that you fo:lc[.s need more
— more .career education, consumer education, drug edudatron, health
education, nutrition education, science education, human refacions training,
counsehing traiming, physical education traimung, mathematics Training,
anthropology. economics, *history, sociology, and on, and on,’and on”

I am an advocate of science education’ There will be no apologies for
that Yet. 1 am a realist Most of the science activities that you must
incopporate into your daily teaching — or more reahistically into about two

"or three hours of instruction per weeh — require only a general orientation
to the basjc_sciences. To be sure, 1t 15 most desirable to have had\ourses in
biology, physical sciences, earth sciences, atmo$pheric and spal ces,

. outdoor education, and scientific equipment Most of you have had one or
two courses from that hist Yet, most of you will nced some type of added
preparation duning the in-service phase of your eagers

Organizing Suppdrt for Science >

4
In-Service, Programs® b

There are four elements that [ have found to be cvential tor Hecess
when designing and  conducting  effective science statf desclopment
programs (1) awarchess, (2) apphcatlon, (3) lmplcnknmfu)n, and (4)
maintenance

Awareness. | raining projects or activities that are designed o
provide formation about new science concepts, developments, skalls,
equipinent, curriculums, or teaching techmues are classified as awaronss
sessions  These activities are essential tg heep all staff members up todate and
informed about professionally related skills

Awareness S5 10NS us\uaH\ includd S8t contercnces, one da
institutes, multimedia presentations, programs given by Sales reprosenta

tives, promotions, lectures, or visitations to schools with a reputation

© having a good science program The information obtaincd at this lovdd mghas

one know ledgeable that spme science curriculum “exists” or 1s availablf tor

use The teachet pdarticipants are Usua“) [L‘dl’nlng,db()ut selectad procussgs or
pf()&ucts‘ for the first tme - .

In too many isesa-sers ice programs are centered about one scidnee

something new, but that 1s 1t — exposed! .
While gwareness 1s critical to learning dbout «elcmentary screned

. \ -
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need to put selected 1nnovative’science actwties 1nto praltye — which
leads directly to the secor:jiément for effective in-service tfaining

Application. The'elelment of application carries the connotation that
somethihg 1s used 1n a context different from that 1n which it was inftially
- learned. How does a school district incorporate an application phase nto its
science in-service programs? There are several alternatives, lct us examine
but two ) ‘

One of the tested methods of application 1s that of micro-teaching
You select only a few peers or students and try the science lessons with a
few of them each day There 1s no penalty in micro-teaching for failure as
there 15 1n the classroom. Only a few; teachers ma; be mvolved in the
activities The essential attribute of the application phase 15 cxperience

New science curnculums, new science textbook series, and sets of .
science teaching strategtes can be' tested.by a group of teachers Perhaps an
entire school mght act as the trial center for some specific science program,
project, or skill-bulding training. By incorporating the application phase*
into the school district’s in-service operations, a full- scale scxcmj
program that focuses on a given activity may be supported or aborted,
depending on an ‘evaluation of the application phase
. Implementation. Full commitment, to a science in-service program

takes place after successful application phases The most intensive period of
the project or program 1s the mplementation phase  All appropriatc teachers and

¢

In-service

admmistrators are wuolved na full spectrum of in-service activities that relate
to the succgssful teaching and learning of the selected science program,

Furthdr, 1t lzitsi'unng the lmplementat;on phase that the supervisory activities

of responsible science resource personnel are focused on helping the mvolved

teachers and pnncxpals to perfect the science skills, procedures, or content

" The word appropriate was carefully inserted 1n the presious paragraph

because 1t ha$ been often assumed that “everyone’” ought to be involved

most school district 1n-service activity. Such broad scale involvement 15
seldom, 1f ever, warranted n any school distnict Scxcncc1 In-service

.  programs are. planned, designed, and incorporated into the curriculum
following carefully conducted needs assessments It has been my professianal
experience to observe that needs surveys illustrate a wide variety of desired
n-service activities 1n which specifically designated personnel are the foci

Provide th&intensive traning only to the immediate users Relevance 1s-the

: key word in this phase . .

) Ong/last point: The implementation phase is complete when the
. involvedpersonnel demonstrate the newly learned and desirag scientce-
related behaviors, can perform them in the classxoom or offlce know why

:
. I
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they are being performed, and can evaluate individtial proficiency by a et of
svstematic criteria The ““pay-off " of any s\stn.mamall\ conducted science
In service progham may be observed through successful individual or group
assimlation and 1mplemenmnon

Maintenance. The final phase 1s a continued and longitudinal * How:.
level visibility” set of science n-service actiyitits that follow the major
implementation effort The term mamtenan. 1mphu that some’ kind of
fotlow -up 1s required New persons are hlred«\n thedistruct, persons change
grade levels or switch buildings, and.some persons will simply need
additional training to perfect the neededsscience skitls

To address these rather specfal needs, a school district curriculum
coordinator must plan and de elop a set of internal mechanisms by w hich to
conduct the man%tenance in-service activities One successful method 15 to
identify. and reward teachers or administrators who are judged as exemplars
of the newly learned science-related behaviors or skills and ash them to
conduct short-term clinics or help sessions A second method 15 to use the
principal or central office resource person (if they have the time) as the
traimng agent Yet another technique employs multlmcdm instructional
svstems The essential elément 15 to provide all entified individuals wath

the preparation required for sustained success of the science program
N r

. Implications ‘

School districts that have incorporated the aove model tend to find
teachers’ and admm;stratqrs’ attitudes about science 1n-service programs to

4

be very positive Thqﬂn[nmate end, of course, 15 bgttu sence ifptruction

for the student 1n the classroom

However, 1t 1s abundantly apparent that such science in-service
programs requite school board. commitment to ensurc success  Lhis
commitment comes first 1n the form of a written board policy that recogmzcs
m-service education as a continuous need of the district The fiscal
commitment of the school boArd for science wiltl be enthusiastically matched
by the professional commitment of teachers and administrators

This in-service plan implies that learning 1s truly continuous and 15 a
valued activity More impottantly, 1t prévides a panty for science in service
The teaching staff and admimstrative staff cach do what 15 essential for
collective success — and for the success of the students, too

Some Comments About Incentives

ﬁ%r

Quite obviously, 1nvolvement 1 1n-service programs requires iore

than a passive commitment to the 'profession To accomphish any ambitious
- A

¥

56.. . L
&
\V !

3
. »

2




EN

N

-

program requires identification of incentives that may aid professional

" commitment

. One myjor intrinsic reward is the self-satisfaction of having become
knowledgeable about science Further, the translation of the scientific
know ledge and techmiques will help raise student achievement levels

Other educators will desire’ to gain college or university credit,
ultimately to gan advancement on the salary schedule
Another incentive 15 released time This time 1y used to observe

; :
other teachers, conduct science in-service on the maintenance level, study the|

adopted science program independently, devise evaluation strategies tor the
program, or plan for new activities to be incorporated into the science
program > !
Paying the Bill. School distnict administrative personnel myst be
alert for methods to fund .in‘service efforts These include Linking With a
local or regional university to apply to the National Science Foundation for
precOtiege teacher improvement grants These grants proside, at no cost to
the school district or the pamcnpanys, science-content-related programs
during erther the sutnmer or the academic year The vast majority of these
sr‘aﬁts provide for instruction to be conducted right in the school district
. State offices of education often have federal projects that can
provide some fiscal support for science in-service-programs
The concept of the ‘“Teacher Center’” ‘will.undoubtedly provide

~ delivery systems to teachers that will mprove their science shills, and at the

ERIC
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local level ., -

[ would also Suggest thata school district contract with sympathetic
science educators and scientists at a local or regional university to Conduct
an in-service effort that is based on clearly specified objectives —
determined by the staff In this manner, the teachers can obtain additional
extension credits, the district pav§ for the training, and the teachers and
administrators plan and design the mstruction that they need )

There are many other methods_ of approaching the problem of
providing relevant science w-servige programs The essence of 1 service 15
to provide needed experiences to the teachers and principals, to extend dnd
expand their science knowledge, and ultimately 6 reduce the levels of
anxiety thit accompany adventures “'into the unknown "

Teaching Students with Special Needs

One area of American education that 1s gamning momentum Is the
adaptation of instructional materials and science curniculums for handi-
capped children These widespread efforts 1n science education for the

57




handlcap?ed stem primarily from the passage of Public Law 94-142, the
Education for All Handicapped Children Act of 1975 Much has been
written about PL 94-142, and 1t must be noted that one aspect of the law
has been to make available the totality of the curriculum to alt handicapped

children

e

Public Law 94-142 requires all school districts to prescribe ane

Individual tducanon Plan (IEP), detalhng the gencral and specific
objectives for the student Science also requires the specitication of
objectives Thus, you already have the element of planning completed

Assuming that your elementary science program 1s activ ity oriented,
you will soon find that 1t 1s not difficult to accommodate handicapped
children 1n science classes Recall from the earhier chapters that modern
science programs are divergent 1n charactenistic This same divergence
atlows for greater flexibility in meeting the special requirements of teaching
handicapped children In many activities there 15 the need for a small grou
two or mofe children worklﬁg on the problem, this allows a handicapped
child 1o be placed with a supportive group _

Most actmty -ortented elementary scl'/ool science programs, have
both physical and biological science components and are designed to be used
throughout the year at each grade level, kindergarten through grade 6 A
definite teaching cycle 1s usually suggested. In nearly all modern programs,
the imtial activities” are orgamized so that the students learn through
spontaneous interactions with the various materials During this stage all
students have the opportunity to explore, touch, feel, discuss, and enjoy the
stuff of the lésson Here 1s the opportumty to imitiate those divergent
questioning skills, as the students respond divergently when asked what
they observe during’the nitial experiences .

Later, scientfic congcepts are 1denufied by either you or the
studentd Again, by having concrete science materials, you will find that the
" handicapped can attain moy/c!once;fts as well as your other students’

The last stage of nearly all modern elementary science programs 1s
the application stage This stage comes only after the concepts have been
identified and after the students have had concrete learning experiences that

iflustrate the respective science cohcepts During the final stage,,

handicapped students will have an equal opportunity to{rondg examples of
where the concept 1s located in the real world or where it could be applied
in a novel situation With such divergence, there 15 little chance that either
the student or the teacher can-fail

Successful teachers of the handicapped have long known that
specificity of tasks 1s importarit You might be worried that a dnnrgnnt

<



-
ay
%
3
g
-

science program will not contnibute to the identification of specific learner
* tasks. To thencontrary, even the most divergent, programs allow you to
prescribe specific learner objectives Activity-oriented science programs
offer a challenge to the handicapped student 1f mampulative skills are
deficient, yet you can adapt the activity so that 1t may be accomplsshed by

these students . -
The essence of science 1s doing Keep that essence foremost with the
handicapped : -
I acknowledge that the previous treatment on teaching the i

handicapped 1s most underdeveloped Having handicapped students 1n the
classroom will cause some imitial anxieties Yet, you are not alone These
students have special teachers who will be able to give you explicit
methodologies and tips on how to maximiz¢ science learning with them

e

Evaluating Science Programs .

The use of a previously adopted science program or the anticipation
of a newly adopted one tends to be a source of élementary teacher frustration’
and anxiety If teachers tend to rate the adopted program as being of poor
educational quality, then there 1s a high prObdblllt? that they will teach that
science program as hittle as possible — if at all However, ‘one cannot attack
any science program without the use of clearly stated and_objective
evaluative criteria Schooldistricts often have various checklists b; which to,
evaluate science programs There are, however, far too many eases where =
“adoptions are made somewhat ntuitively and the teachers were not truly
involved 1n the adoption To alleviate these problems, let us now dddress
- the 1ssue of science program evaluation .

/B ' Program Goals and Objectives. Throughout, | have assumed that
present and future elementary school stience programs will be activity
orienfed Implied 1n the assumption 1s that elementary science education .
will continue to stress the scientific processes by which knowledge 15 (
acquired Thus, a major goal for any program 1s the development of inquury
as a basis for study -

Whether the developers use performance objectives or some torm of
knowing what 1s expected of the learner is critical While there & great
division among science educators about the appropriateness of performance
objectives, you need to have some concept of what 1s to be accomplished
w#th the various activities This 1s the essence of stated objectives

- Scope and Sequence. There 1s the need for some logical development *

of science activities 1n a ‘‘scope and sequence’ chart so that all the staff
know s where the program is ultimately going Fraditionally, the concepts ef a. G
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,approach to science .

!
swope and seguenee have'meant that a pattern of student learming. experiences
has been planned or, dentified Swpe 1mphies the relative impact bt the
subject to be studied When planning for depth or bresdth of a detinite science
program, planners determine the scope There 1s a great deal of divergence in
the scope of topics covered in general science courses being designad tor the

- elementary school, some will treat each topic in depth, while others will

Jdal’C\S Slmlldl’ t()PlCS In a {L‘SS dL‘\L‘{OpL‘d structure th, d“ l’()PILS dare

. selected and designed to provide wider exposure to the students so that

breadih of the discaphine 15 stressed
T'he concept of sequence implies that the activities will be structured
by a prescribed design Sequence 15 usually determined by (1) logic — cach!
topic follows a defimte entry and exat, (2) topic - the concepts aré
sequenced to provide some Gestalt of the subject, (3) hierarchy — cach
“topic 1s suhdivided 1nte specific learning increments, all being arranged in
patterns of known to unkrown to be expanded from simple to complex, (4)
developmental stages — the concepts of developmental psschology, usuyally

'jcdn Piaget’s, are used, and (53) a combination of the four

All science programs must be examined to determine the scope of
topics and the order of sequencing Since similar toples appear lq nearly all
books, 1t 15 possible to compose a*table of topie catefrories to us Lhuosm;,
a program that best meets the district’s science goals e

"Within the concepts of scope and sequence, there should be an
analysis to determine if the science program 15 highly structured A vers
highly structured program requires close adherence to the program per sc
Such programs atlow little n the way of teacher intiative However, a
structured program does have some builtin effjciency — 1 e . vou know
what 15 expected and tan spend your time implementing the program rather
than creating new activities Loosely structured programs, converscly, allow
a greater degree of teacher lamude in the teaching of topics

Accompanying the above 15 the concept of program ﬂmhhtv Most
programs are butlt witly a K-6 scope and sequence, Other programs tend to
have the option of being supplemental to the program that the district has
already adopted In vet other case, the district can select vanous
components of the science progrim that ulymatels reflect an eclectie

Finally, under the concept of scope and sequence comes a
determination about the balance of science subjects or topics that are
presented  Some programs tend to stress a broad balance between the hte
and physical sciences Others tend to stress the physical sciences tar more
than the 11fé sciences If a program has g strong hife science component, has

60
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the district made the necessary comfutments to maintain and deliver hte
science materials to you, or must vou maintain your own hfe science stock?
The latter decision 1s most crucial to thg success of any science program that
has a life science component

Instructional Strategies. A good share of this book 15 devoted t6
science mstructional strategies However, when evaluating an clementary
school science program, vou must consider the types of teachiffy strategies
that are requred  One importait, consideration 15 the relative amount of
individualization that will take place If 4 program requires a great deal of
individual student work, then both you and the students must be taught
how to effect that strategy Because nearly all modern elementary science
programs require inquiry in the broadest sense, school district administia
tive personnel and teachers, alike, must simply plan to conduct in service
efforts that address the many ‘techniques that are included under the generic
term of mgury Programs also vary from those that, dusm teachers tobe very
nondirective to those that are hlghlv prescriptive

Costs and Maintenance. A critical decision area for many science
programs concerns the initial cost of the program and the yearly replacement
costs for expendable materials When cogt comparisons are made. there 1s
the tendency to weigh the costof a comp{a’rabk textbook, which can be kept
for about six vears on an adoption cycle, against an activity oriented science
program Ultlmatcl\ the evaluation of the alternativés must be made on a
benefit theory basis since 1t will cost the Wistrict to teach science, no matter
what the method Which' program ;will adhieve the intended goals and

objectives at the least cost tends té be the basis on which favorable or

¢

- unfavorable decisions are made

Teacher Reactions. If your school district has Jd()ptud a program or
1s 1 the process of field-testing one, then the “using™ teachers should be
polled t3 determine their perceptions This tyvpe of evaluation should be
designed to measure the interest of the staff, the usc of teacher tme in
teaching science, and the extent to which the teachers percerne that the
program 1s fulfilling the scientific literacy needs of the cmldren Figure 7
tllustrates one instrument that could be used 1n such an endeavor

In Final Conclusion

* Thad as my onginal goal the reduction of anxicty ahout teaching
setence n the elementary schools 1 hope that the gaal will bomet The real
pav-off ‘to vou teachers 15 the actual application of the many ideas and
technques presented herein °y {

6l ' :
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-3 What 1s vour overall feaction to the science program?

Kindly complete the folloung sitrvey about our ckmentary soune program

1 Time surves  Please arcle the number of minutes per week spent in the follow ing areas

a Planning ume (0-4)  (5-10)  (11-15) (16-20)
b Setting up matenals (0-4)  (5-10)  (H-1% (16-20)
¢ Student class ume & (@=30) (31-60) (61-90)  (90-120)
d Other science activities © (O-4)  (5-10) (11-1%) (16-20)

¢ The total time 1n minutes per week spent on stience

2|5 the amount of tume by than «qual to or grater than that spent on mathermatics, reading,

and social studies respectivels?

3 Didvou find lt necebsary to supplumcnt the s::-n\u program with uther stience materials
or activities’ ¢ ) -
. a In almost all cases ¢ Ina few cases
b In most cases d In no case

4 If supplements were used, specify for which units or lessons

a Verv positive , . ¢ Negative
b Positive - d Verv negative
6 If negauve please list specifics

7 What unanticipated events have been happening in vour science classroom?
,

. \ S
8 In vour opinion how do the students 1n your classes hike the new science program?
a Like 1t very much ' d Dislike 1t
b Like 1t . ¢ Dislike 1t verv much

’ .
[

.
¢ No opinion

n’ Y .
9 What concern or problems have vou had with the program?

* p v

Figure 7 Sample Instrument o Evaluate Science Programs
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To be certain, [ could have presented other topics that would reduce
teather anxiety However, this work must be viewed as a ““commencement”’
— a beginning to make you aware of the potenuals that exist in your
classroom and to stimulate you to aalyze your own specific needs, wants,
desires, and anxicties Many of the detatled accounts on the previous pages
should lead you to examine the current assets and deficigs of your school’s
elementary scignce program, as well as the assets and\%mm o()our own
professional background.




In the final analvsis, 1t will be the teachers and principalswho will
improve science in our elementars schools No curriculum 1s *teacher-
proof * The single most important person in the classroom (other than the
students, of course} 1s the tcachnr Feachers inspire , Teachers provide the
affective dimensions of science Teachers challenge, guide, and share 1n the
richness and jov of voung learners accomplishing their science lessons and
making discoveries that are for them truly significant events Yes, Tt is the
human side of science teaching that 15 all important Inspiration for
excellence begins in the kindergarten and continues 1n a never ending ¢y cle
Through the field of science vou have an advantage over all other teachers or
subjects — scrence 15 the shape of things to come!

Yet, the real anxiety of teaching science lies in our own 1nability to
Iive peacefulls on a planct that will shortly be inhabited by six billion
people  Humanistic conceptd such as chanty, love, and justice need
opcmtlonal definitions just as gravity, fusion, and relativity A entcal
Lhallmgt in the teaching of science 1s to reduce 1rrational patterns in human
behavior through the processes of scientific thought How to discover and

“apply new knowledge and extend 1t to benefit all humankind 15 the

challenge that great teachers have always presented to their students Let
that be, 1 some small part, your challenge! ‘
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SCIENCE ANXIETY
. : AND THE ‘ ,
} CLASSROOM TEACHER ' L
Many teachers (CSPCCIAH)' on the Clcmcntary l;vcl) l;nd to be apprehensive . e

about the teaching of science, despite the fact that science, technology, and saentific
ralues permeate American culture Perhaps that 1s the problem science 1s somuch a
~ part of our daily lives that we tend not to observe the evidence of its processes
occurnng within and around us P .
The problems associated with teaching Scuné: at the clcmnntarv level have not.
resulted from indeciston as ta what to teach or evénou to teach, but rather from what
scems to be a fear of tcahing saence In this publication Donald C Orlich provides a .
series of classroomrtested practices and techmiques designed to help Jassroom
teachers overcome science anxiety The material 15 developed through these ey
. Loneepts f‘canng the Unknown Mnnaglng Matenals and Organizing for lnqum
Ustng Questions, Being Successful with $ience-Related Discussions, and Fitting the
+* Preces All Together -
Early readers of the manuscnptuommcntnd ‘An excellent concise book to hdp
allay the fears of-classroom teachers ™ ““Well orgamzed, frank, and self-assuring .
“Pe rhaps clementary teachers are in most need of this but* ‘( 1t) includes secondary,
teachers as well 7 ““Throughout the book there are excéllent defimitions of the
coepts promulgated bythg author In addition, he prov ides geveral good figures to
listrate his potots " ““Ihis publicaudn  would be a suitable purchase for a [ibrary
or faculty loungt However, it could best be used as an introduc tion for an in service
w orkshop on teaching science in elementary schools ™ *“Science supers isors would
benefit from this text ™ . .
I he author, Donald C Otlich, 1 Profcssor of Education and Science Instruction
it Washingten State Umiversity, Pyllman He has also taught at Idaho State
. University and prior to that he was an elementary and junior high school science
teacher in Butte,"Montana He 15 the anthor ot;pmgnmq Sensibl Survevs and co-author of
Toachng Stratgies Ginde go Better Instruction, The Ant ofV\ riting Suwosful REED Pruposah
and I designs for Implmentation & -
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