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Leadership in Science
Education: Focusing on the
Unknown and Moving to Knowing

An aguments madethatsciencdeadersnusttakethegoalsof
sciencesducatiorseriouslyandusethemto frameourteaching
and stafdevelopment dbrts.

Neverhastherebeenatime when
the need for creative leadershipis
moreneededn schoolgo ensurghat
the focusis uponmeetingthe major

goals on which thereis agreement.

Effective leadersshouldnot portray
themselves as knowing what an

exemplaryscienceeducationis and

thenforcingall personsinthedistrictto

movetowardit. Insteadasin science,
it is brst important to know what

the issues,questions,and problems
are and then move toward answers
and solutionsNperhapsslowly and
taking time to amassevidencethat
thevariousactionsundertakeimdeed
areappropriateonesfor meetingthe

agreed upon goals.

The National ScienceEducation
Standard¢NSES)clearly articulates
four goal s(justibcations) for requiring
sciencein K-12 schools.Thesefour
goals are producing students who
can:

1. experience the richness and
excitementof knowing about
and understandinghe natural
world;

2. use appropriate scientific
processesand principlesmaking
personal decisions;

3. engageintelligently in public
discourse and debate about
matters of scientific and
technological concern; and

4. increase their economic pro-
ductivity throughthe useof the
knowledgeand understanding,
and skills of the scientibcally
literate personin their careers.
(NRC, 1996, p13)

For many the first goal is the
mostimportantsinceit ensureghat
every studentwill have a brsthand
personal experience with science.
This meansexploring naturewith a
natural curiosity which all humans
enjoy. It means asking questions,

Most laboratories
are but veribcation
activities of what
teachers and/or
textbooks have
Indicated as truths
about the natural
world.

identifying theunknown proceeding
to knowingNevenif it is apersonally
constructed answer or explanation
(butwrongin termsof currentscience
academy notions) of the original
question arising from personal
curiosity

Enlarging Our Visions

of Science

Scienceeducatorstend to debne
science as the information found
in textbooksfor K-12 and college
courses or the content outlined in
stateframeworksandstandardsSuch
debnitionmit mostof whatGeoge
GaylordSimpson(1963)describeds
theessencefscienceSimpsonﬁDve
activitieswhich debne science are:

1. asking questions about the
natural universe; i.e., being
curious about the objectsand
events in nature;

2. trying to answer one@ own
qguestions; i.e., proposing
possible explanations;

3. designing experiments to
determine the validity of the
explanation dered:;

4. collecting evidence from
observations of nature,
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mathematicsalculations and,
whenever possible, experiments
carriedouttoestablishthevalidity
of the origina explanations;
and

5. communicatingheevidenceo
otherswho mustagreewith the
interpretationof the evidence
in orderfor the explanationto
becomecceptetbythebroader
community (of scientists).
(Simpson,1963, p. 3)

Science education
should be about
drawing people out in
terms of engaging their
minds.

Theelementf sciencedentibed
by Simpson are rarely studied in
schools. For exampl g, sciencestudents
seldonmdetermingheirownquestions
for study; they are not expectedto
be curious;they rarely are askedto
proposepossibleanswers; they seldom
areaskedo designexperimentsand
they rarely sharetheir results with
othersasevidencefor the validity of
their own explanationgWeisset al.,
2001).

OnecouldarguethatOreal€cience
isseldomencounteredrexperienced
inmost scienceclassrooms. Thetypical
focusisamost wholly onwhat current
scientists accept as explanations
(Harmsé& Yager 1981; Weisset al.,
2001). Competent science students
only needto remembewhatteachers
or textbookssay Most laboratories
are but verification activities of
whatteachersaind/ortextbookshave
indicatedas truths aboutthe natural
world. There is seldom time for

studentsto designexperimentsthat
could improve human existence.

Science education should be
aboutdrawingpeopleoutin termsof
engagingtheir minds. Instead,most
scienceprogramsfocuson directing
studentgo whatthey shouldlearnN
i.e., the explanationof objectsand
eventsthat scientistshave accepted
as truths or explanations of the
natural world and/or technological
achievements (e.g., automobiles,
airplanes,air conditioners)(AAAS,
1990). Educationhasbecometraining;
i.e., gettingstudentgo acceptandbe
abletorecallexplanationgthershave
offered.This is oftendoneunderthe
guisethat specibc conceptsand process
skills are necessaryprerequisitegor
understandingventhoughit is now
apparent that such approaches are
useless and that understanding is
rarely accomplished until students
seethe importanceandthe needfor
them (Resnick, 1986; NRC, 1996;
Greeno1992).

NSES and Changing Goals

for Science Education

The first and overarching goal
for scienceeducationfor the decade
following the 1996 publication of
the NSES providesa direction for
our fieldN every school science
coordinator, supervisor, curriculum
leader, and department head must
internalizeandwork diligently toward
meetingit. It shouldbethe goalthat
unibPesusall. But, it will be the most
difbcult to achieve.School science
is rarely seenas an experiencethat
enrichesand excitesstudentsabout
their knowing and understandingf
the objectsand eventsfound in the
natural world.

Paul Brandwein once said that
scienceliteracy would begin to be
realized if every student had one

experiencewithscienceasitisdebned

by Simpson (1963). Brandwein

contended that most high school

graduatescompletetheir schooling
withoutevenoneexperienceavith real

science.Many within the National
Science TeachersAssociation (NSTA)

havearguedthat we shouldaim for

more than one science experience

in thirteen yearsN instead at least

one eachyear of the thirteen year
continuumof agenerakducatiorfor

all. Most teacherswould amgue that
thirteensuchexperiencesire but Oa
drop in the bucket.O

Many high school
teachers enjoy teaching
the best students who
are preparing for
college and not for
meeting any othergoal
or benebt fortheir
study.

The other three goals from the
NSES focus upon experiences in
schoolsciencewhich will affect the
daily lives of studentghat canhelp
themmakebetter scientibcand societal
decisionsaandleadthemto increased
economic productivity. These are
almostidentical to threeof the four
goal clustersNorris Harmsusedfor
hisNSF-supported effort conceivedin
1977calledProjectSynthesigHarms
& Yager1981). ThefourgoalsHarms
used were:

1. Science for meeting personal
needs. Scienceeducationshould
prepare individuals to use
science for improving their
own lives andfor copingwith
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an increasingly technological
world.

2. Science for resolving current
societd issues. Scienceeducation
shouldproduceinformedcitizens
preparedtodeal responsibly with

science-related societal issues.

3. Sciencdor assistingvith career
choices. Science education
should give all students an
awareness of the nature and
scopeof awidevariety of science
andtechnology-relatedareers
open to students of varying
aptitudes and interests.

4. Sciencefor preparingfor further
study Scienceeducatiorshould
allow studentswho are likely
to pursuescienceacademically
as well as professionally to
acquiretheacademicknowledge
appropriate for their needs.
(Harms &Yager 1981, p7).

Project Synthesis was funded
and carried out at a time of great
disillusionmentin the U.S. aboutthe
purposesanddirectionsthat science
educatiorhadtakenin theyearsafter
theSovietSputnikcausedmericans
to questionwhat they weredoingin
school science.The period ushered
in reformsNthe likes of which were
contrarytonearly forty earlier national
reformeffortsfor school science. Until
the 1959-70reformsfundedby NSF,
nationalreformshadall focusedona
sciencethat wastiedtodaily livingN a
sciencethat had practicalutility and
included(perhapsused)technology
The post-Sputnik era focused on
producingandadvocatingscienceas
it is knownto scientistg(in termsof
processes/skillsisedin laboratories
and the most recent explanations
arising from their research).

Project Synthesis revealed that
goal four (preparing students for

While most teachers
accept the importance
of studentcentered
approaches, few
students eversense
that typical classrooms
result in their being
partners in learning
rather than recipients
of it.

further study) was the only one for
which teachers justibed what they
were doing. In excessof 90% of all
U.S. scienceteachergustibedtheir
teachingandcurriculumbecausehe
next gradelevel Oexpectedi The
information and skills were thought
to beimportantandusefulto thenext
teacher. The greatest justification
was in the high schoolswhere the
discipline bound (sometimescalled
the Qayer cakeQ curriculum was
Prmly entrenchedThis was caused
by HarvardUniversityrequiringhigh
schoolphysicsfor entrancen 1892;
tenyearslater they required chemistry.
Many of theuniversitiedollowedthe
Harvardlead with mosthigh school
scienceofferings seenprimarily as
prerequisites for college entrance.
We know today that chemistryand
physics were offered primarily for
college preparation with advanced
biology oftenincludedfor the same
reasonsingrades1land12. Many high
school teachersenj oy teaching thebest
studentsvhoarepreparingor college
andnotfor meetinganyothergoalor
benebfor their study And yet, there
is little evidencethatanyteacher(at

thenextteachinglevel) actually builds
on what is taught earlier

It is refreshing to note that the
academicpreparationgoal that framed
ProjectSynthesiss not includedas
one of the NSESgoalseventhough
it was the one on which nearly all
concentratedndusedasjustibcation
for theirteachingpracticeslt is also
noteworthy that theother threegoal sN
not approachedvell nor achievedn
1980N remain major goas for the
current decade.

Instruction and Curriculum

and Meeting the Goals

But,whatisdoneintypicalschools
that isdesignedto specibcally meet (or
movetoward) any oneof thefour NSES
goals?The curriculumhasremained
rather static. In spite of the NSTA
Scope, Sequenceand Coordination
Project (NSTA, 1992) (designedto
eiminatetheQayer cakeQeurriculum),
the samecurriculum seemsto exist
andourish.Textbooksrarely focus
uponanythingbut the samecontent
strands, which characterize most
state standardsthe sametopics in
standardized assessment schemes, and
thecontent frameworkscharacterizing
textbook adoption states.

If we areto meetthe four NSES
goals,much more attentionto them
is neededMore discussionof how
eachcouldbemet,howteachingnust
changehowthecurriculummaterials
mustchange andhow evidencecan
be amassedo determinethe degree
the goals have been met.

Science leaders must help
practitioners to change their
instructional strategies. Again the
NSESclearly stateninewaysteaching
shouldchangeto resultin moreand
betterstudentlearningandto move
towardmeetingthestatedgoals. These
changesresummarizedn theNSES
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Table 1

Less Emphasis On

1. Treating all students alike and
responding to the group as a
whole

2. Rigidly following curriculum
3. Focusing on student acquisition

4. Presenting scientibc knowledge
through lecture, text, and
demonstration

5. Asking for recitation of acquired
knowledge

6. Testing students for factual
information at the end of the
unit or chapter

7. Maintaining responsibility and
authority
8. Supporting competition

9. Working alone

More Emphasis On:
Understanding and responding to
individual studentinterests,
strengths, experiences, and needs

Selecting and adapting curriculum

Focusing on student understanding
and use of scientibc knowledge,
ideas, and inquiry processes

of information

Guiding students in active and
extended scientibc inquiry

Providing opportunities for
scientibc discussion and debate
among students

Continuously assessing student
understanding

Sharing responsibility for
learning with students

Supporting a classroom community
with cooperation, shared
responsibility and respect

Working with other teachers to
enhance the science program

(NRC, 1996, p 52)

ascontrastdetweerOlesemphasisO
conditions (which are commonly
usedstrategieshy mostteachers}o
the Omoreemphasis@onditions(see
Tablel).

Interestingly theteaching standards
arebrstinthe1996 publication because
of their importancein realizing the
goals and because they were the
leastcontroversialof all the visions
contained in the NSES. Science
education leaders and programs
they organize for teachers should
concentrategheir attentionon ways
to meetthe four goalsNratherthan

on adaptation and implementation
of curricular materials(which most
considerbrstasreformsandchanges
are contemplated)Most of the new
materials(even those supportedby
NSFfunding) containfew instancesor
pathwaysfor meetingthe four stated
goals from the NSES.

It could be a worthwhile exercise
to examine state standards, most
popular texts, and teacher lesson
plansin asearcHor anyevidencdhat
instructionalstrategiescontent,and
lessonplans reveal any indications
that they will help students ask a

questionaboutthe naturalworld and
offer possible explanations, devise
teststo determinethe validity of the
explanations, enter intodial ogueswith
others concerning the explanations
(attemptdgomeetGoalOneof NSES).
And, are there any indicationsthe
changesncouragear impactedthe
way students live their daily lives
(attempts to meet Goal Two)? Is
there any evidencethat instruction
or curriculum provides experience
or informationaboutsolvingsocietal
problems? Are there any attempts
to tie sciencelearningto economic
productivity and possible careers?

Questions povide the
heart of science.

The Centrality of Questions

Centralto scienceare questions!
Sciencébeginswith theunknownand
it is the goal of sciencepractitioners
to move to the known.

Perhapsin scienceeducationwe
need more science concerning our
own professionNthatis questioning
howweteachwhatweteachwhether
ourteachingesultan moreandbetter
learning,andwhetherour efforts are
helping us meet our stated goals.

Sciencebeginswith questionsand
as they are consideredoften more
gquestiongmepge.Somewouldargue
that al real learning starts with a
guestiorandnotateacheassignment
or atextbooksuggestionThe NSES
visions for teaching invite student
involvement.

While most teachers accept the
importance of student-centered
approachedew studentseversense
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thattypical classroomsesultin their
beingpartnersn learningratherthan
recipients of it.

Students must be involved with
problem identification and ques-
tion-asking.Sciencelessonseedto
include open entry in addition to
studenideasaboutpossibleanswers,
studentlesign®f experimentsppen-
endedlaboratories And yet far too
little is known aboutOproblenPnd
ing.O Penick (1996) used Dillon@
work (1982)in thisregardasheurged
teacherso focusonstimulatingmore
creativestudentsDillon pointedout
that Gew abilitiesor accomplishments
have beenpraisedor rewardedless
thanproblempPnding.Yet, compared
tothevolumeof literatureonproblem
solving,thereis almostnothingwrit-
ten aboutthe processor learningof
problem identibcation.As a result,
no theory of problemidentibcation
has been put forth.O Dillon also
notedthatproblembPnding,including
discovering, formulating, and pos-
ing questionsmay represent.more
distinctandcreativeactthanbnding
asolution.Manywriters(Getzelsand
Csikszentmihalyil975;Mackworth,
1965) have concluded that ques-
tion posingand problembndingare
crucial,attheheartof originality, and
form anextremelystrongassociation
with creativity Yet, in mosteduca
tional endeavorsproblembndingis
ignored while concentratingon the
moremundaneaspectsof solving prob-
lemspresented by thetext, theteacher,
or worksheets. Paul Hurd (1991)
has suggestedhat we shouldleave
problem-solving to the mathemati-
cians.Few scienceproblemscanbe
solvedn aclasgeriod,duringagrade
period, or often in many years.

Einsteinhasoften beenquotedas
saying that Oraisingnew questions
new possibilities, regarding old

Table 2. Percentage of Students Demonstrating Creative Thinking in STS

and Textbook Courses

Textbook-Driven
STS Classes Classes

Questions 81 30
Unique Questions 70 13
Explanations 87 11
Unique Explanations 68 6
Tests foValidity 71 14

of Explanations
Unique Explanations 51 5
Distinguish Between 91 43

Cause and HEdct

questiongromanewangleall require
imaginationand creativityOQuestions
provide the heartof scienceWe all
needto hel p studentsto questionmore,
to acton their naturalcuriosities,to
experiencethe excitementand thrill

of thewhole scientibPcprocesqGoal
One of the NSES).

Creativity and

Communication in Science

Studentswith creativity, curiosity,
and questions often desire to
communicate (Risi, 1982). When
one discovers, does, or invents
something, a natural brst response
is to let othersin on the excitement.
Without communication of ideas,
sciencewould not existaswe know
it. It is one of the essentiafeatures
of Simpson€depnitioncited earliet
Chaudhari noted that CstudentsO
guestionsretheircuriosityin action,
theirmindhunger@Chaudhari]1986,
p. 34-36).But, Penick(1996)amued
that if studentsareto communicate
effectively and to formulate and
follow-uponquestions, they must have
aclassroontlimatewherecreativity
is valued, encouraged, modeled,
and rewarded.This environmentis

well exemplified by the Science-
Technology-Society classroom. A
variety of studies have examined
creativity asaresult of STSinstruction.
Myers (1998), Foster and Penick
(1985)andMcComagq1989)usedhe
TorranceTestsof CreativeThinking.
Inall casestheinvestigatorsfoundthat
studentsscoredsignibcantlyhigher
after experiencingSTS classegshan
after learning in a more traditional
classroomTable 2 indicatestypical
results attainedin studiesresulting
from the lowa Chautaugudrogram,
which has sought to encourage
the NSES visions with an STS
approach.

Mackinnu(1991) alsoreportedona
study using bfteen creativity measures.
He found that STS studentsshowed
signibcantlymoregainoneveryitem
thanstudent$rom moretext-oriented
classroomsTheseresults are what
one would expect considering the
fact that classroomsemploying the
STS approach encourage student
ideas,initiative, and communication
with other students. These results
are also significant in the sense
that we all want studentswho can
raise questions suggestcausesand
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predictconsequence¥.et, while all
teachersnvolvedwith implementing
NSESgoalsareovertly seekinghese
outcomesioretypicalteachersnly
hope for them as a by-product of
didactic instruction.

In addition to all these studies
having similar bndings, there is a
commonthreadthat ran throughall

Science education
leaders must

portray science

and constructivist
practices if the reforms
envisioned by NSES
are to Rourish.

theclassestaught by teachersenthused
with the NSES and the four stated
goals. The common thread was a
stimulatingclassroontlimatewhere
student questions and ideas were
valued, their initiative encouraged,
andwhereevaluationvasbasedna
widevariety of criteria. Thisclassroom
climate,anessentiaélemenfor both
creativity andteachingadvocatedn
the NSES,is madepossibleonly by
the teacher

Penick (1996) hassuggestedthat the
teachemustbeinvolvedin thisinitial
part of Osciencingleachersmust
provide students with considerable
intellectual freedom, safeopportunity,
andtime to be spontaneousxplore,
test,decidecourse®faction,andtake
risks. Studentswill not ask questionsif
theyfeeltheyandtheirquestionsnay
be pushedaside,rushed,or subject
to ridicule. A rushto judgmentis the
opposite of creativity

Theteacherisuniquelyimportantin
enhancing such creativity. Well-posed
questionsstimul atethinking, revealing
alternatgointsof viewandlogic,and
maybeviewedastheembodimenbf
curiosity. But,tobeamodel of creative
inquiry, ateachemustusequestions
that go beyond mere description.
Questions to stimulate creativity
must require and allow multiple
possibleanswersanddemandctions.
Questionsnodelthinkingasrelevant
problemsare pursued Questionsact
as windows on the phenomenorin
guestionand continuetheprocessuntil
the desiredevidenceor explanation
have been revealed.

Crafting Appr opriate
Questions
Penickhasnotedthatthetendency
isoftenfor teacherso asktheultimate
question,OWhy?®Vhen a phenom
enonis introducedandteachersask,

OWhydid thathappen?&udentsare
put off because the QvhyO sounds
veryabsolutendthreateningOWhyO
implies someoneknows (or should
know) the answer or is possibly
wrong (Why did you hit your little
sister?@ betterapproachis to begin
with the concrete,asking questions
aboutwhatstudentgid or whatwas
observedThen,askhow they might
doit differentlyandwhatmight hap
penifE? Predictionsareareasonable
next stepaswell as questionsseek
ing to determinerelationshipswith
other similar phenomenaSincewe
consciously model good question-ask-
ing behaviorsthentypesof questions
follow alogical hierarchy that students
canemulate We wantthemto delve
into the problemsandtheseassistin
that endeavarThe OwhyQjuestions
soundliketest questionsand arebestif
neveraskedTable3suggestasimple
hierarchy of questions which may

Table 3. Penick® Hierarchy for Questions in Science Classrooms

a. What you did?

5. Asking for advice:

1. Asking questions that describe:

b. What happened?
¢. What did you observe?
2.Asking questions that predict:
a. What you will do next?
b. What will happen if youE?
¢. What could you do to prevent that?

a. What evidence do you have for that?
b. What leads you to believe that?

3. Asking questions that relate to situations with others:
a. How does that compare toE?
b. What did other people bnd?
4. Seeking explanations:
a. How would you explain that?
b. What caused it to happen?

Penick,1996, p. 89
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Science coordinators,
curriculum experts,
department heads,
and others in school
districts must take the
lead.

be askedto help organizethe ques
tionsteachersnterestedn creativity
enhancement should ask.

Table 3 is an elaboration of
Penick&suggestionsor a hierarchy
for questions.This is an important
contribution for science educators
whowishtohelpteachersinanalyzing
and using their own questionsand
thoseof their studentslt is away of
helpingteachersandtheir studentsn
recognizing and using questioningasa
central ingredientinscienceandwhere
the thinking, reRectionandlearning
of science should begin.

Table 4 is Penick@ attempt to
outlinewaysteachersand professional
developers can increase student
involvementandcreativityin science
classrooms. Hehasrecommended that
weask questionsto obtaininformation,
not to test studentsWhen we seek
information,we do notaskquestions
if we alreadyknow the answer In
good adult conversationadults ask
eachotherquestiongo bndout,notto
examine We would not spendmuch
time with an adult who continually
quizzed us, particularly if they
followed up by evaluating our answers.
Our studentsarenot differentexcept
theyarecaptivef ourclassroomAs
aruleof thumbintheclassroom, if you
wishtostimulatestudentnvolvement
and creativity, never askif youalready
know. We shouldalsoseekopinions
and points of view such as, OHow

would you designan experimentto
E?0

To stimulatemultiple answerswe
mustaccepall answerstegardlessf
howgoodtheymaybe.To encourage
studentdo tell ustheir thinking, we
must show themthat each of theirideas
hasvalue thatwearepayingattention
to them.And, sinceevaluatiorstil3es
creativethoughtandreduceshinking
initiation, wemust avoidjudgment. But
thisdoesmeanweleteverythingpass
bywithoutcommenbrisit amatterof
evaluationavoided?Infact, evaluation
and assessment are vital parts of
scienceTheyareseerascritical parts
of whatsciences about.(Onemight
consideragain Simpson&depPnition
of science.pcienceeducatiorteaders
shouldfocus on questions possible
explanationsandthe designof tests
for the validity of personallyposed
tests in professional development
efforts for teacherslt is toocommon
to Pndnew programg(e.g.kit-based

programs)with no rationale,and no
reference to NSES goals.

A Charge for Teachers

Science education leaders must
portray science and constructivist
practicesif the reforms envisioned
by NSES are to Rourish. Already
eightyearshavepassedincetheprst
versionf the NSESwereavailable.
Unfortunately toolittlehasoccurredto
changdeachersndtheir classrooms
to generallyaccomplishthe reforms
neededIt will takeconcentrateénd
prolonged dbrts to succeed.

Sciencecoordinators,curriculum
expertsdepartmenheadsandothers
in schooldistrictsmusttakethelead.
Suchleadershighouldtakethegoals
of scienceeducationseriously and
frameall we do.At thissamdimewe
needto identify ways of knowing if
our goalshavebeenmet prior to our
teachingand any staf development

Table 4. Penick® Suggestions for Making Creativity Flourish in Science Classrooms

3. Wait for responses;

students to do so)

stimulating)

1. Provide opportunities for creative work:
(Time, material, expectations)

2. Ask questions that demand answers:
(no Oyes/no, recall, or answers you already know)

(Don®rush, if you really ask a question, wait for the answe
And wait again for multiple responses)

4. Accept unusual ideas, questions, or products:

(No judgment, just acknowledge and ask for more)
5. Ask students to examine causes and consequences:

(If that® true, thenE? What may have caused that?)

6. Allow students to make decisions:
(Structure activities so that decisions must be made and allo

7. Model creative thinking, action, and decision-making:
(Ask questions yourself, express curiositake the classroon

Penick,1996, p. 90
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efforts. If we want students to
experiencehe thrill andsatisfaction
of raisingquestionsaboutthe natural
world, we must encouraget at all
levelsandat all times. If we expect
scienceto affect our daily lives, help
with decision making concerning
science issues, improve economic
productivity and choice of careers,
we needto help practitionerswith
their teachingstrategiesgcurriculum
materialsandassessmeméchniques
which illustrate the NSES visions.
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