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Chapter 9. Science
Dorothy Gabel

The science education research lit€rature of
the last 10 years is replete with studies indicat-
ing that students at all levels possess many
inaccurate conceptions of scientific knowledge.
Although this may also have bepn rhp case in
the past, it appears more prevalent now, and is
at least in part caused by the rapid gowth of
scientiic knowledge.

Analyses of t€xtbooks indicate that they con-
tain many morc concepts than they have in the
past. with fewer pages devoted to explajning or
describing each particular concept. In addition,
the science curdculum has shiited down, so that
rather complex topics that 20 years ago were
thought too difficult for students at particular
grade levels are now being taught at those
levels. Whether this increase of content coverage
is the result of intemational comparisons of
students in ihe United States with students in
other countries is a moot point. The result is
that students have little time to think about
what they are learning, rarely see individual
concepts taught in a multitude of contexts, do
not see the relevance of what tbey are learning,
frequently have negative attitudes toward sci-
ence, and resort to memorizing facts and solving
problems algorithmically in order to survive!

The teaching strategies and practices that
research has shown to be efiec(ive in irnprovins
achievement in the teaching and learning of sci'
ence all have one thing in common: they keep
students' attention focused on lealnine. Whe-
ther this is done by pausing after asking a
question before calling on a student to answer
the question (wait time), by involvins students
in decision makins (computer sinuiations), or
by having students make comparisons with
familiar situations (using analogies), all ofthese
shategies require active leaming. Many involve
creatins situations that challenge students'
assumptions by having them make obseryations
that are in conflict with the beliefs (cogniiive

conflict), and then resolving the conflict. It is
only when instruction involves or at least begins
with topics that are of interest to students, and
is related to their world, that students will learn
in more authentic ways. That is, they will see
the relationship between whar rhey are learning
and what they already know; they will think
instead ofEemorize.

Although several of the strategies included
in this review can be used by teachers and stu'
dents on an individual basis.  tbere is a growing
body of evidence that Iearning is a social endea-
vor and that shategies that include interactions
between students (cooperative leaming) are
nore effective than activities in which students
work alone. This appearc to be true even when
students work at a computer using probeware or
comput€r simulations. Interactions among stu-
de[ts help them clarify their orvn ideas and
those of their peers.

AI of the teaching shategies pre€ented herc
(with the exception of using computer simula-
tions) also requirc additional time to implement
in the classroom. This increase of instructional
time per concept will requie qducators to consr-
der carefully which ofmany important concepts
should be taught at particular grade levels, and
which should be delayed or even omitted from
the curriculum. One way this can be accom-
plished is to integrate science instruction across
the drscrpl ines, as sussested by tbF American
Association for the Advancement of Science's
recoromendations rn Be'Lchnarhs for Sciertce
LiterccJ, Praject 2061 (1993), and by the Na-
tional Science Teachers Association in ,Scope,
SeEtetlce dtLd Coord.itwtion. of Secortdary SchooL
Scietlce (1993r. A reduction of the science con-
tent included at the pre-college level has also
been recommended by the National Research
Council in the Natiotlal Scietlce Educatiotl
Sta,Lda s (1994).
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9.l. Learning Cycle Approach: The use of the learning cycle approach (explor-
ation, invention, and application) results in better content achievement, improved
thinking skills, and more positive attitudes toward science.

Research findings:
Numerous studies beginning in the 1960s and continuing today indicate that the learn-
ing cycle appmach is effective in promoting both conceptual understanding and posi-
tive attitudes toward science and process skill acquisition for students at the eiemen-
tary, middle school, and high school levels. When laboratory experiences (exploration
and applicaiion) are combined with concept introduction (invention), positive outcomes
occur. However, research on the effeciiveness of laboratory instruction by itself,
without concept introduciion, does not support Lts efieclrveness in rmproving student
achievement in science.

ln the classroom:
The learning cycle approach as originally envisioned in the early 1960s for the
teaching of elementary science included three phases: exploration, invention, and
discovery. Duing the exploration phase, students explore new materials and ideas
wiih minimum guidance. This helps students raise questions about the phenomena
being explored that cannot be resolved by their accustomed way ol thinking and
identify patt€rns of reg ularity in the phenomena. The invention phase is more teacher-
centeled. Terms and concepts are introduced that explain the patterns discovered in
the e).ploration phase. In the application phase, students apply the terms and concepts
to new situations, thus leaming to generalize in a broader context.

The Iearning cycle approach has been incorporated into a variety of science curricula
and programs, particularly at the elementary level. These include ScierLce Curriculutn
It prcuetnetlt Study (SCIS) and Brolog'col Scicnces Curriculutn Study @SCS). Recent
studies have 6hown that using the Iearning cycle approach is an effective way to deter -
mine and correct students' misconceptioN, and that it can aid in idproving young stu-
dents'r€asoning abilities. Studies indicate that all three phases are necessary,
although in some instances an in-depth laboratory expedence may substitute for some
phases,

Curent research indicates that modifications of the learning cycle can make it an even
more effective inshuctional shategy. Helpjng students to focus thei €xploration by
adding an engagement or prcdiction-/aliscussion phase and followlhg the application
phase with evaluation appear to pmmote conceptual understanding. A monocraph by
Lawson, Abraham, and Renner (1989) provides a rich descdption of the use and
possible modfications of ihe learnins cycle approach.
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9.2. Cooperative Learning: Using cooPerative learning for.classroom and labor-

atory instruction increases student achievement, attitudes, and on-task behavior'

Research findings:
A considerable numbir ofresearch studies on the effectiveness of cooperative learning

""i"c 
tl'" iig** approach in the classroom and the investigative approach in the

tutor"utoty"iiai""t" lis usefulness for the teaching of science Although sludies in the

uu.tv rseb" fo""""a on the elementarv school level, studies from the mid'1980s show
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high school science students atso profit from the use of these

cooperative leaming aPProaches-

ln the classroom:
The use of cooperative learning for the teaching of science has improwed science

."-fri"""*""f ,i"lL gtade levels. In the classroom, cooperative groups of about fou!

students frequently use the jigsaw approach, in which each student in a €iven goup

iJ"s a p*tic"lu. tote or part of a larger task' Students with the same role flom each

oill'" oif'* jie""* g"oups in the class form a new group in which each member inves-

t*.i""li""iti""r'r" o; he; part of the topic. After members of this group have shared

i,i-" l"i i""r""a ,r'e material or perforn€d the task' thev rcturn to their origi nal

- ; ; ; ; ; ; . r"  
thFy arP responsible for sharing what thev have )earned and reachins

;tud;nLs in that orisina I group the new informabon'

In most investigative cooperative groups that are used for Iaboratory instruction' each
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four takes on i ditrerent role such as recorder' checker' fa'i]i'
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Roles rotate with each lab investisation' In almost all strdies of

"".o".*i"" 
f".t"i"e, there is posrtive [tedependence, face-to-face interaction' indivi-
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i t terpersonal and smal l  group rntcract ions and group processing

Some of the poteniial beneits of cooperative learning ale increased achievement scores

i""f"ii"* i"ig-,"'* 
""tention, 

more positive attltudes toward laboratorv work' higher

""ii*"r"i-, 
itgrt* laboratorv and process skiil achievement' and greater on-tesk
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l"u'rung has not been shown to b€ successful at
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f"vel f" lncreasing students abilitv to solve problerlrs The mo-st effective

form ofcooperative Ieaming appearc to occur when students are encourage'l to cooper_

ate within;heir group but to compete with othel groups within the class'
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9.3. Analogies: Using analogies in the teaching of science results in the develop-

ment of conceptuat understanding by enabling the learner to comPare something

familiar to something unfamiliar.

Research findings:
Although some research studies prior to the 1980s have been conducted on ihe usa of

u"ulogie", u new interest in this area has produced several in'depth studies-wbich

indicate that using analogies assists in concept development This is particularlv tr-ue

when students have alternative conceptions about a particular concept Research in

this area tends to be qualitative in nature, and the conceptual change that occurs mav

not result in higher scores on multiple-choice science tests offacts and concepts

ln the classroom:
Textbooks and teachers sometimes use analogies to help familiarize students ivrth

concepts that are abstract and outside their previous experience- To be effective, analo'

gies must be familiar to students, and the features/functions must be congruent wrth

;hose ofthe iarget. Since adult perspectives are not identical with those of adolescents'

it is not surpriing that, even though students are familiar with the phvsical phen-

omenon or e"ent that might be used as the analogv, thev are not alwavs familiat with

those features that provide the similaritv to the target- Once a suitable analogv is

found, considerable iime must be spent bv students in discussion of similarities- be'

tween the analogy and the target. [t is also important for students to understand how

the analogy andlarget differ- Someiines this can be done bv using multiple analosr€s

to teach the same concept. At other times it mav be necessarv to conshuct "bridsing'

analogies.

Analogies occurdng in texts may be simple-based on surface silrjlarities --or more

complex (particularly in chemistry and phvsics)-based on similarities offunction The

use of fLrnctional analogies appears to be mote appropdate at the secondary level

where s[udents have dev. loped appropriaLe r.asonrng strategies

The discussioD that occurs when using analogies not only heips students construct

thei own knowledge but also assists teachers in basing instruction on students'prior

knowledge and existing misconceptions. Analogies may also motivate students to learn

by provoiing their interest. Fin;IIy, having students create their owD analogies also

appears to be an effective instluctional strategJ
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9.4. Wait Time: Pausing after asking a question in the classroom results in an
increase in achievement.

Research findings:
In most classrooms, students are typically given less than one secoDd to rcspond to a
question posed by a teacher. Research shows that under these conditions students sen-
erally give short, recall responses or no answer at all rather than giving answers th'r

involve higher-level thinking. Studies beginning in the early 1970s and continuing
through the 1980s show that if teachers pause between three and seven seconds alter
asking higher-level questions, students respond with more thoughtful answers and sci-
ence achievement is increased. This frnding is consistent at the elementarv, middle
school, and hich school levels and across the science disciplines.

However, some research studies have suggested that the benefits of increasing wait
time may depend on factors such as student expectations and the cognitive level of the
queq,i.ions. In a st\rdy of indeased wait time in a high school phvsics class, siudents
became more apathetic in classes wberc the wait time was increased. This might have
occurreil because this stratesy did not match students' expectations of how a high
school physics course should be cond.ucted ln a study at the elementarv level' a de -
crease in acbrevement was attributed to waiting too long for responses to low-level

ln the classroom:
lncrcasing the wait time from three to seven seconds resulis in an increase in 1) the

length ofstudent responses, 2) the number ofunsolicited responses, 3) the ftequencv of

student questions, 4) the number of responses from less capable children, 5) student-

student interactions, and 6) the incidence of speculative responses. In addition to paus-

ing after asking questions, research shows that many of these same benefrts result

when teachers pause a{ter the student's response to a question, and when teachers do

not affum answers immediately.

Incrcasing wait time also increases science achievement. Research indicates that when

teachers increase their wait time to more than thrce seconds ir class discussions'

achievement on higher-cognitive-level science tesi items increases slgnifiiantlv This

holds lor test item6 involving content, the process skills, and items involving
probabrlrsr ic reasomng

However, care must be taken in applying rvait tine judiciouslv The optimal wait time

for a given question should be adjusted to the cognitive level of the question, 
'nd

student resDonses shouid be carefullv monitored
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9.5. Concept Mapping: The use of student-Senerated and teacher-Senerated

concept maps for teaching science concepts results in imProved student achieve-

ment and more positive student attitudes.

Research findings:
Over 150 studies on concept mapping have been reporied since the late 1970s A care-

ful meta'analysis conducied by Horton et al ol 19 studies that qualified out of I33

reported by 1990 indicates positive effects on student achievement and attitudes (The

analysis included only studies that occuued in actual classrooms using control groups

and in which sufficient quantitative data we.e reported-) One hundrcd references

related to concept mapping have been reported bv Al-I{unifed and Wandersee'

ln the classroom:
A concept map is a schematic diagran or semantic network that includes concepts

urra.rg"d i.' u hi".utcttical order linked by words that form propositions Concept maps

can be-made by teachers or students either individuallv or in a grcup Thevareusedin

a variety of situations, such as in an overview at the beginning of a unit' during

instruction to assess conceptual understanding, and at the end of a unit to rcview for a

tesi or to evaluate Iearning. Concept mapping in the science classloom' particularly for

biology instruction, improves science achievement and attitudes. The use of concept

-up"-upp"rr" 
to be more beneficial at the end of a unit than at the beginning Al'

though ihere appears to be no difference in student achievement whether the xoaps are

constructed by the teacher or by ihe siudents, there are geater gains in achievement

when students supply the key terms to construct the maps'

In addition to their direct use in classroom instruction, concept maps also have otler

educational beneflts for students. Thev can help teachers become morc effective and

can be used as an aid in curriculum development.
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9,6. Computer Simulations: Using computer simulations to rePresent real-world
situations enables students to become more reflective prbblem solvers and to
increase their conceptual understanding.

Research findings:
Data from a suNey ofsecondary science departments in the fall of 1992 indicate that
49 percent of those surveyed used computerc in teaching science at least occasionally.
Although the most common use of codputers was for simulations, only l8 percent of
the schools sulveyed indicated that computers werc used once or twice per week.

Convincing research studies on the use of simulations in science instruction at the
upper elementary and secondary levels are needed to justify more widespread and
frequent use ofthis strateg:y.

ln the classroom:
Many scientfic models are diflicult or impossible to observe, or are so complex that
they are difficult to study in the laboratory. In chemistry, for example, students cannot
obseNe the motion of atoms in solids, liquids, and gases because of their size. In phvs-
ics, the study of velocity and acceleratior becones difficult nr the laboratory because
the obseNer has to account for ftiction. In biology, studies of genetics might have to
exte[d over a prolonged time period.

Computer simulations can overcome these obstacles by simplifying complex svstems,
and then incorporating the various complexities to show the effect on the svstem Use
of simulations tends to result in increased achievement on complex and difficult con'
cepts in less time than conventional instruction. Simuiations (sometimes refe ed to as
microworlds) can be used by instructors in dassroom settings; however, the most effec'
tive use is by students either alone or in smali groups. This permits guided exploration
by students of the variations of the system, Ieads to better conceptual undeNtanding
and achievement, and appears to increase students' pmblem-solving and process skills.
As with anatogies, the use of simulations may create misconceptions, and so requires
careful teacher attention to the under€tandings (or misunderstandings) produced

They should not be userl exdusively in place of laboratory activities, and care must be
taken by teachers to help students identi& the limitations of the simulated models
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9.7. Microcomputer-Based Laboratories: Using computers to collect and dis-
play data from science experiments enables students at the secondary level to
understand science concepts and learn to use science process skills.

Research findings:
Although the research in this area is somewhat limited, several studies indicate the
value of siudents particlpation in microconputer-based laboratories; these studies
outweigh other studies showing no improvement over traditional laboratory ap-
proaches. The use of computers in the science ciassroom is still Iimited in scope, and
hence only a linited number ofsiudies have been conducted to date.

ln the classroom:
In a microcomputer'based laboraiory (MBL) experiment, students use electronic
probes that are intedaced with a microcomputer that directly rccords and glaphs data
being collected. This enables students to imroediately see the trends in the data as
they are being collected, and to focus on the meaning of the experiment rather than on
completing a daia table of making a $aph. This may enable students to question theu
pdor beliefs and to ask new questions related to the expedment. The effectiveness ol
using these scientific probes depends $eatly on the instructional sequence in which

In comparisons with traditional instruction, MBL use frequently results in a different
set of outcomes. For exarnple, students using MBLS are better able to interpret
glaphs, whereas studentE with conventional laboratory experiences are better able to
conshuct graphs. Because both are important instructional outcomes, it is recom-
mended that MBLs be interspersed with conveniional Laboratory experiences, rathe!
than used exclusively.
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9.8, Systematic Approaches in Problem Solving: Planning the solutions to

mathematical chemistry and physics problems in a systematic way enables students
to more frequently solve the problems correctly.

D TT{-q
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Research findings:
Most of the studies on mathematical problem solving in the sciences have examined
processes students use to solve chemistry and physics problems Mathematical
problem solving in biology focuses on genetics, and research on using a systematic

approach in solving these types of prcblems is lacking Polva in the 1940s suggested

the four'step approach described below, rvhich researchers have modified over the

ln the classroom:
E),?ert problem solvers take a considerable length of time in planning and analvzing a
given problem before using mathematics for its solution. Novice problem solvers

appea! to use cues in the pioblem to search their meBorv for a formula or algorithm

that they can use to solve the problem. Unfoltunately, if superlluous information rs
given in a problem, this ftequently causes them to u6e an incorrect formula'

Nowice problem solvers can improve the plob1em solving skills if thev use a svstem'

atic approach such as: 1) understanding the problem; 2) devising a plan; 3) carrving

out the plan; and 4) looking back. In order to understand the problem, students must

identify what information is given in the problem, and what is sought Sometimes

dmwing a picturc (such as a force diagram in phvsics or a picture ofwhat is happening

on the molecular level in chemistry) aids in understanding the problem. Usirg this

information, students ihen formutate plans for the problem solution Helping stude$ts

categorize problems into specilic types enhances the plairning stage. The final step,

looking back, involves checkirg the mathematics used, the execution of the plan, and

the rcasonableness ofthe answer.

The6e steps are not necessadly sequential in nature. For example, dudng the planning

stage it may be necessary to revert to the understanding phase to recall additiobal

information needed or to eliminate superfluous information. The steps do not come

naturally to students, and need to be illustrated and practiced when students are

taught to solve pmblems. In addition, because using a svstematic approach rcquires

more time than simply using a formula, care must be taken to assign'fewer, but mole

varied, problems for practice, and to allow more time for problem solving on tests'
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9.9. Conceptual Understanding in Problem Solving: Understanding concepts
qualitatively enables students to solve quantitative problems in physics and chem-
istry more effectively.

Research findings:
Research at the secondary and even post-secondary level on understanding of basic
concepts that are involved in solving nany chemistry and physics problems (such as
mass and volume) indicate that students do not understand these concepis. This is
confirmed by many research studies on problem solving in which students solve prob-
Iems aloud. Althoueh there is a limited amount of research to indicate that under-
standing basic concepts qualitatively improves mathematical problen solving, it
aDDear's that this rvould be the case.

ln the classroom:
Manv secondary students use algorithms to solve chemistry and physics problems that
require the use ofmatheuratics. They substitute data given in a problen into a forrnula
(or use the lactorlabel rnethod), perform apprcpriate mathematical operations, and
anive at a conect solution. However, when asked about the meaning of what they
have done or requested to describe the variables and the relationship among the vari-
ables involved, they are unable to do so.

There is some evidence that having student€ perform numerous problens in tbis man-
ner does not necessaily lead to conceptual undeNtanding. Ifconceptual understanding
is the expected outcome ofscience instruction, a more rcasonable approach would be to
emphasize a qualitative undelstanding of the underlying concepts first, and then to
use mathematical problem solving to provide deeper insight into the concepts. For
example, many students can calculate the density of a solid, yet when shown samples
of identical mass but different volumes, are unable to serial order the samples bv
density. It is unlikely that having students solve numercus densitv problems bv
substituting values into the density formula will help theltl distinguish between
densiiy and volume.

References:
Anamuah-Mensah 1986; Bhaskar and Simon 19?7; Bunce, C.abel, and Samuel 1991;
Chi, Feltovich, and Glaser 1981; de Jong and Ferguson-Hessler 1986; Finegoid and
Mass 1985; Gabel 1981; Gabel, Sherwood, and Enochs 1984; Gorodetsky and Hoz 1980;
Griffiths, Pottle, and Whelan 1983; Hegarty 199r; Heller, Keith, and Andelson 1992;
Hedon and Greenbowe 1986; Larkin 1980, 1983; Larkin et al. 1980; Lythcott 1990;
McMiUan and S,,vadener 1991; Niaz and Robinson 1989; Reif and Heller 1982;
Robertsor 1990; Schmidi 1990; Sumfleih 1988; Sweller 1988;ward and Sweller 1990.



a2vf-tl
t33

9.10. Science-Technology-Society: Using a Science-Technology-Society ap-
proach in the teaching of science results in an increase in the number of students
taking additional science courses and advanced-level courses, as well as changing
students' attitudes towards science and their understanding of the nature of science
and its relationship to technology and societal issues.

Research findings:
Studies in this area are somewhat limited. Most comparative studies have been per,
forned by one najor researcher, and include students in srades four ihroush nine.
However, A-AAS'S Prcject 2061 and the National Research Council's dralt of the
Natioilal Sc;etLce Ed.ucation Research Srozdords endorse the inciusion of science.
technology, and society issues in the curiculum. Furthermore, curriculurn developers
in Canada and in the United Kingdom include this approach in widely used national
curiculum projects at the €econdary levels.

There is little evidence thai STS increases stualents' knowledge of facts, concepts, or
principles, but no evidence that it decreases it. When STS is integrated into the cur-
riculum as a major tbrust (not as vignettes), positive outcomes occur. These indude an
increase in undemtanding the process and applications ofscience, as wel as improrrng
creativity and attitudes toward science- An additional benefit found in Canada was
imprcvins students' underctandins of science as a way o{ knowing. In the United Kins,
dom, STS was found to alramatically increase the number of students taking additional
science courses. In the U.S., new curricula have been deveioped by the ACS in chemis-
rry using this approach at the middl" s.hool and hrgh school leveJs.

ln the classroom:
Educators should consider using Science-Technology-Society (STS) approaches to the
curdculum as a way to make scierce more relevant to students' Iives. STS issues can
be included as vignettes as a small part of the curriculum. However, based on th€
re€earch rcsults, a more prcmising approach is to use STS as an entire course that has
as its objectives the developmentofan appreciation ofthe interactive nature of science,
technolosy, and society; knowledge of tecbnoloey as applications ofscience; the ability
to respond cdtically to technology issues; or a combination olthese goals with teachng
science concepis and prrnciple6.
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9. I l. Real-Life Situations: Using realJife situations in science instruction through
the use of technology ({ilms, videotapes, videodiscs, CD ROMS) or through actual
observation increases student interest in science, problem-solving skills, and
achievement.

Research findings:
Rese arch support for the use of real-life situations (or simr ations of these) in class -
room instruction continues to increase as the technologies for bringing real-life situ'
ations into the classroom become more available to teachers. The Ieading research
group in the United States using anchored instruction to increase middle school stu-
dents' problem-solving skills is located at Vanderbilt University. Several of the biblio-
granhic entries include summaries olits work.

In the classroom:
Students frequently compartmentalize learning. For example, many students who
have studied mathematics are unable to apply it in solving problems in chemistrv and
physics. Many fail to associate the variabl€ "x" used extensively in algebra problems to
letters standing for variable names in physics problems. Even within the science
course itself, many stud€nts fail to recognize that the topics they are studying apply to
real-life situations. One reason proposed for this lack of transfer is that probled
solvinc and learning have not taken plac€ in real-world contexts. The use of videotapes
or discs depicting real-Me situations or simulatiorc of these (either alone or in tandem
with computers) makes it much more feasible to teach using real-world situations.

Videodiscs using simulations of real-world problem-solving situations, developed to
implove students' mathexoatics and science problem-solving skills, have been used suc-
cessfully by middle school students at several different sit€s. A.Ithough results indicate
no difference in standardized test achievement, this frnding was considered t,() be posi'

tive because time normally spent on conventional inshuction was reduced to allow for
the use of the problem-solving videodi€cs which did have a positive effect on studenta'
problem-solving skills. The instruction su$ounding the use of the videodiscs was very
carefully structured by classroom teachers, and this appears to be an important factor
in the use of tecbnology in the claseroom.

The use of itrteractive videodiscs is also proving to be an impo*ant instructional stra'
tegy. Guidance in using the vitleoiliscs is programmeil and controlled by a computer
thai dirccts etudentg' attention atrd frequently requies students to dake decisions
about their owrt lear[ing. Effective progxams, particularly at the seconilary ard college
Ievels, show that student achievement and attitudes improve with their use, and that
in some cases interactive videodiscs are an eff€ctive substitute for conventional labor_
atory €xperiences such as clissections in biology.
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9. | 2. Discrepant Events: Using discrepant events
cognitive conflict that enhances students' conceptual
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in science instruction results in
understanding.

Research findings:
There is little direct rcsearch evidence that using discrepant events (occunences rn
nature that are at odds with students' current thought) promotes conceptual under-
standing. However, two of the practices inciuded in this chapter (Leaming Cycle
Approach and Real-Life Situations) are thought to be efiective because they frequelluy
include discrepant events. Discrepant events are one form ofanomalous data that help
students focus on their pdor conceptions, a step that is thought to be necessary if stu,
dents are to ailer their conceptions so that they become closer to the accepted scientific
view. During the exploration phase of the learning cycle, students may confronr
anomolous data, or such data may be included in instruction based on real-world
situations. The reference by Chinn and Brewer provides the theore|ical framework for
using,anomalous data in science instruction.

In the classroom:
Many science teachers use discrepant events ftequently in their teaching, and this
practice has been advocated by authoB ofmethods texts over the years. An example ol
a discrepant event ftom physics instruction wouid be to drop a Strofoam and a steel
ball ofequat volumes ftoIII the same height at the same time and note that both hit the
floor at the same time. Because most students think that the heavier ball will hit fust.
the event is discrepant-

Although disqepant events frequentiy take the form ofdemonstrations, all demonstra-
tions do not nec€ssarily include discrepant events. Discrcpant events can be built into
hands-on activities that students actually perform and can be included in computer
simulations and on videodiscs.

Just because students view or experience something that is discrepant does not guar-
antee that they iviu learn from the situation. Students may ignore or reject it. In order
to maximize its effectiveness, the anomolous data must be credible and unambiguous.
A recommended sbategy for effective inshuction includes th€ following steps: 1) con-
sider a physical scenario of unknown outcome; 2) predict the outcome; 3) construct one
or more theoretical explanations; 4) obseNe the outcome; 5) modify the theoretical
explanation; 6) evaluate competing explanations; and 7) repeat the previous steps with
anoiher drscrepant event i l lustrai ing rhe 6a me lheory or conc.pr.

References:
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