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Why lmprove Stiente leoching? dent developrnent and the reacher's
The Nati.nal Assessment role as an oiganir". of the learning

of Educational Progress (19U8), .nr.ironmeni. Let's rake a closer
which cornpared the educa- look at these tv.o .otions.
tional achievements of students
in 1l of the rnost industrialized tocus on lhe Atnosphere
nations of the world, listed E.r,em teacher i,ho bas to do t,itb
funerican high school students the educ'ation of young students
eleventlr in chemistry, ninth in showld remember that cbiplren are
physics, and thirteenth in biol- aJfectetl lry the ntmosphere that sur-
ogy. Ogensr notes that more rountls the teacher, rihether it be
than 300 narional reports since pbasant or unpleasant.l
19U3 have pointed to the low Ellen White recommends that
lcvel of scientific literacv in this armosphere be characterizecl by
America and showed that the enthusiasm, courtesy, patience, ten-
problern begins early in the der sympathy, "n.nrr.rg.,r.rt,
educational process. p"r.", lor,., cheerfulneJs, adapta-

It would be a mistake to as- biliry to the needs of individual
sume that the teaching in K- I 2 students, and friendship and com-
is the primary problern, srnce a panionship between the srudents

ilil:llilrniil;iT:t, iliiT;T:l:';:ffi[:"T::1"'"
ofthe students who chose ma- vere censure.
jors in science or engineering Educarional research lends suo-
dropped out of those programs porr to this counsel. Brophy and
after taking their first college Everrsoni found that believine the
science course. Clver the four srudents can and will learn is i key
years the science dropouls rose variable that separates teach.., *iro
to 65 percent. Sheila Tobias produce sood srudent sains from
attempted to determine why those *h"o do not. Wa?mth and
able, well-prepared science-ori- empathy are the most important
ented snrdents turned away from science in college. Her studyr human characteristic, thrt.o.,t ibute to success in teaching.6
revealed several areas that needed improvement. Soar and Soar; found that a negative classroom climate results in

diminished achievement. Kauchak and Eggens concluded that
Whot Are the 0ptions? enthusiasm in the classroom is mostly .o.ii-,rr.ri"ated nonver-

Most suggestions for improving science teaching fit into two ballv. It is important because it enhances srudent attenuveness
categories. Some deal with the atrnosphere in the classroom and and can improve srudent ardtudes and learnins. Kauchak and
how it affecs tJre srudent. Other recommendadons focus on sru- tr--.n also pointed out that srudent achieuemlnt is inversely pro-"55' ' �
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portional to teacher disapproval.
Research done by 

-I'obias'' 
revealed

that able, well-prepared students are
turned offin science and mathemarics
classrooms by factors like a lack of com-
muniw feel ing, intensc c()nlpcrir ivencss.
undue fixation on grades, fear that helpins
someone else u'ould lower one's gracle,
rudeness, and insulr ing or patr,  rnizing be-
havior. Such an annosphere rnade science
courses, especially the labs, verv lonelv
places.

Johnson and Johnsonr" focusecl their
research on the effccts of u'orking to-
gcther lnd aLrne. Thev esrirruted that t)0

percent of al l  human interactions are co-
operative, and that it is vital to hun'ranize
relations betu'cen sruden$, telchers, and
administrators. 

'l'hev 
clefinecl a hurnaniz-

ing relationship as one "that ref'lecrs the
qualities of kindness, mercy, consicler-
irtion, tendcrness, krve, concern, compas-
sion, cooperation. rcsprlnsi lencss antl
f i iendship." Conversely, a dehurnanizing
relationship was describeil irs one in u'hich
"pcrsons are divested ofthose qualides
dr l t  l re  un ique lv  hurnan .  .  .  t rea tcd  in  in r -
pcrsonal ways tiat ref'lect unconcern u.ith
human values." ' l  Such pcrsons appear un-
rnoved by the suffering ofothers and be-
come unkind, cruel, or brutal. Johnson
andJohnson concluded that the goal
structure of interpersonal competition-
which describes most schooling-is a ma-
jor dehumanizing factor. Ol'emse or in-
apl lropriate use of comperir ion prornotes
negative and clestructive relationships
among students, according to their re-
search.

Dansereaur: found that in initial learn-
ing tasla studen$ u'ho srudied in pairs
using a systematic learning strare6l'our-
performed srudents who srudied alone.
'fhose 

who srudied a passage and summa-
rized it for a listener outperfonned the lis-
tener. The brain-based approach to leam-
ing and teaching advocated by Caine and
Cainelr shows how both the atmosDhere
and an activiry-cenrcred. developrnental
approach can enhance learning.

tocus on fte Studenf Developmenl ond
Leorning

Piaget, a prominent developmental
psychologist, saw the raditional goal of

1 )',--ntionsl Sriens:
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education as inadequate. He urote:
Tbc principalgonl oJ'tducntiort is to crt-

ate ,ntn n,ho nrc capable of doing new
tbin11s, rtot simph oJ'repeatirtg n,hat othcr
qencratilt s hayc done--tncn n,lto art cre-
ntirt, ittvtntit,e nnd disco'r,er.ers. The second
gonl oJ- cducatiott is to form minds n,hich
can be criticnl, c{til yert|),, find nlt acctpt
cl,cnthinq thel are offered. . . . We ltat,c to
b nblc to resist ittdit,iduallv, to criticize, to
distinguislt befit,ecn n,hat is pro|en and
n,hat is ttot. So n,c nml pupils n,ho are nc-
tiye, ybo le ant tnrh, to Jind out ln,them-
sclres, pnrtl.t' Ln' their rn,il spontfinelt$ nctir,-
irr, nnd pnrth tbrotg1h materiak we set up

for thcm: n,ho lennt efirh,t0 ttll n,hnt is
t,erif,able nnd n hat is simp\ the firx idea
to come to thcm.ta

\\'adsu'orthri points out that according
to Piaget's tieon', "development is a valid
aim of education." He includes cocnitive
d*'elopment as u el l  as moral,  social,  and
ego developmenr. From the Piagetian
perspective, the srudent's level of intellec-
tual development determines to a large ex-
tent how leaming can occur. In other
u'ords, development direcrs learning,

rather than vice versa.rt'
Although Piaget's theory focused on

child development, ir has implications for
teaching science both in high school and
colleee. Piaget's four developmental srages
are sensory-motor (birth to approximately
fwo vears), preoperational (approximately
rrr,o to seven vears), concrete operations
(approxirnatelv seven to eleven years) and
formal (approximatelv pleven years to
adult).r- The problem is rhat some people
remain at the concrete operations level
rhroughout l i fe. Tri fonei ' found that 75
percenr ofcollege fieshmen and 60 per-
cent ofsophomores operate at the con-
crete operations level. Karplusr', described
the pattems and limitarions of concrete
and formal reasoning.

tleeling the Needs of the Comrete Reosoner
Trifoner') concluded that studens who

ltnction on the concrete level cannot
learn concepts in biologv that require for-
mal reasoning abiliry, no matter how they
are presented. Goodstein and Howerr
came to similar conclusions in resard to
chemistn'. This appears to be due to rhe
difficulry these srudens experience with
multiple operational processes they must
consider simultaneously and/or the ab-
stract narure of the conceots.

\4hat can t}e scienceieacher do to
help concrete reasoners to succeed in col-
lege science classes? Among Trifone's
suggestions are the following:2r

1. Use less synbolic language and./or
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reduce the ctxnplexitv of the lesson or
problern.

2. Use concrete models or diagranrs
to which thc srudcnt rnay refer.

J. Involve the student activelv in a
three-step learning cycle: (a) introduce the
concept in an expkrratory phase in which
the student observes, c()mpares, classifics,
experiments, interprets, preclicts and
builds rnodels, (b) during the conceprual
phase, help the stuclents place the pattern
they havc cliscovcrcd in propcr scicntific
terrns, (c) in the concept application phase,
have studenLs consider other examDles to
help thenr general izc rhe concept.

'fhus, 
to help concrete learners, the

teacher should rninimize the lecture ap-
proach. He or she should rely on active,
inquiry-bascd learning in ordcr to induce
frrrmal reasoning.rr Because this approach
requires more time for concept develop-
ment, the teacher will need to reduce the
scope oftopics.

Even though there is conflict over
some aspects of Piaget's fonnal reasoner
concept,r+ most of the suggestions made in
this article for irnproving science teaching
also fit into developmental models using
alternative nomenclature.: 5

ProdkolWoys lo Enhonre leorning in Your
0osses

1. Capitalize on the interests of your
students. Encourage srudent curiosiry and
follow up on it.21' Use practical applica-
tions associated with existing interests.:i

2. Since passiviry inhibits intellecrual
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and social development, allow vour stu-
dents to make decisions about tleir ex-
periments.rs

l. Avoid cookbook-type experimentsre
that merely confirm what the studenm al-
ready know. Design discovery labs3" or
labs with some elements of the unknown.

4. Build up studen$'technical and in-
dependent decision-making skills.

(a) During the last three weeks in
organic chemistrv, I ask students to sepa-
rate the components of a binary mixrure,
identifu each component, and make a de-
rivative of each to confirm their identifica-
tion.

(b) In my chemical separations and
analysis course I devote the last three lab
periods to problems from the real world.
The studens tackle chemical seoaration
prohlcms sublnined to us by a local indus-
try'. Srudents enjoy this challenge, as they
experience tl.re satisfaction of being able to
subrnit to industry a n.rethod to solve a
problerr.r.

-5. Coorilinate your lab experiment
u'ith the class assip;nments to maximize the
overall learning experience.

(a) Design thc lab to answer student
quesbons.

ftl) Divide the class into small
groups and have each do variations ofthc
experiment. This will reveal how changes
in condidons affect the outcome. Have
the srudenrs develop a hypothesis to ex-
plain the group data.

(c) Since students often perccivc
the lab to be a lonely place, let them work
in pairs, except when essential skills are
being developed or tested.

6. Discover your studenB' inaccurate
ideas and desig;n opporrunities for tiem to
gathcr data to correct thosc misconccp-
tions.rr Even first-vear graduate students
in chemistry have lnany misconccptions
regarding chemistrv and nature.rr Since
knowledge is constructed in the mind of
the learner, misconceptions resist direct
instruction and are best corrected by using
observation, hl,pothesis, and generaliza-
non.

7. Seek ways to experiment and col-
laborate across disciplines. This will
weaken or eliminate rigid subject-matter
boundaries.rr Since leaming must always
relate to previous knowledge, the more
boundaries there are, the more difficult it
is for the srudent to integrate the learning.
Coordinate departrnental science courses
so that they build on one another.ra

8. Make research an integral part of
the educational process.

Wen stwd.ents and tenchers aye research
colleagwes, neitber hnowing the answers to
all the questions plsed' bwt both caring



aboutflnrling them, the process oJ-science
can be leorned as in no lther ww. Students
ntho prof.t mlst frlm research are thlse whl
com.e to wnderstand that it is an integral
part of their und.ergraduate education.
Tbey dewlop a desire to learn science by ac-
ti't,e participation rather tban b'v memoriz-
ing focts.t5

9. Get srudent feedback through
small-group diagr.rosis.'''

10. Show students that learning sci-
ence can be enjovable. 

'I'he "Physics Is
Fun" program in K-12, conducted by un-
derpgaduates, has changed the imase of
physics in Texas.r- Hill and Berger'8 are
promoting advenrures in chemistry fbr el-
ementary and rniddle schools and demon-
srating that it can be exciting to learn ne*'
things at any age. 

'lhe 
Universirv of

Texas at Austin has standing room onlv at
their physics and chernistry "circus" pro-
pJrams.t'' I used to devote about fbur to six
weeks of acadernv chenristry and phvsics
labs to allow srudents to build equipment
and perfect their demonstrations for sci-
cnce opcn house programs, which were al-
ways popular.

(ondusion

To improve your science teaching,
look for ways to improve the annosphere
in your classrocxn. Adjust your tcaching
rnethods to match your srudents' level of
mental development. Clive srudents nu-
rrerous opportunities to activelv partici-
pate in the learning wcle.

If you are looking for some ideas fbr
demonstrations, experiments, and re-
sources for elementary to college level
classrooms, consult Katz.+o

Schindler offers some final advice:
"Start anpvhere, as long as you generate
amazement, puzzlement, interest, and
awe. . . . Sustaining the jov of discovery,
perpetuating the romance during the dis-
ciplines ofprecision, is by far the teacher's
greatest task once the process has be-
gun."at p

Dr. Llwain L. Ford is Professor of Chemisty at
Andrews Uniuersiry, Ben'ien Springs, Michi-
gan. In 1990 Dr. Ford recebed an Andre*^s
Unit;ersity FarulE, Awardfor Teaching Ercel-
lence. He has been aoted Teacher of the Year by
the Andrrws lJniuersitl Student Assotiation oi

ttto occasions and receited the Tom and Violet
Zapara Excellence in Teaching Aa,ard in 1988.
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