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Abstract

Recent research shows that students’ understanding of a wide variety of
scientific topics is influenced by misconceptions that conflict with accepted
scientific theories and that persist even after imstruction. In this study,
student misconceptions were identified and used as a basis ror analyzing the
classroom behavior of teachers and students and for developing modifications-
that increased ‘the effectiveuess of commercial science programs. In Year 1,
case aiudieo vwere conducted of 14 teachers teaching either (a) the Ligh£ uait
from Laidlaw Brothers' Exploring Science textbook, or }b) t§g Producers part
of SCIIS or SCIS -II COMMﬁnitiea unit. Pretests reveal\f that most students
had misconceptions. Classroom observations and«teacheriint?rviews revealed
that the teachers exhibited a variety of teaching styles ;Lii'diafnot take
student miéconceptions into accounc. Fewer than one quarter of the students
learned the scientific conceptions they had studied. 1In Year 2; modifications
.were developed for both of the target units and used by 10 teachers. The
nodified materials informed teachers about likely student misconceptions and
suggested strategies for helping students to change. Classroom obs;rvationai
data showed important changes in the teachers' behavior, and at least three
times as many students understood the scientific conceptioia of light than in
Year 1. Learning for the Producers part did ﬂot 1mprova,'but other problems
with the Producers part were identified. When these problems were addressed

{n a subsequent study, learning improved substantially.
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The study of human thinkfkﬁ’hae undergone a revolution over the last 23

years. Developments in e»veriety-ot fields, including coguitive.psychology,
linguistics, and artificial intelligence, heve_converged'to produce new and

b3

important inet;bte-into the net&te of human cognitive processing. The common

~ inesights that heve erieen fron theee developments form the basis for the new

£leld of cognitive science (&fq Newell & Simon, 1972; Case, 1983; P. Smith,

1975). Two inaighte in partiknler lie at the core of this new understanding
of human reesoning;, l |

The first c?ncerne the 1imitetione'ofahumen beings as information proces-
sors. Compared ko even an inexpensive computer, humans have extremely small
working memorieﬁ end process the information ‘in short-term memory quite slow-
ly. ?hue humans are quite susceptible to information overload.

The eeconﬁ insight concerns the role that preexisting cognitive structure

'pleye in perce&tion. comprehension, and memory. Philosophers going back to

Kant have emphasized that the nature of human perception and experience are
determined by cognitive structures that exist before perception and experi-

ence. Recent research has produced an explosion of knowledge about those

lThis research was funded by the Research in Science Program of the
National Science Foundation (grant no. SED-802002). This paper does not
necessarily reflect the opinion, policy, or position of the National Science
Foundation.

2gdward L. Smith and Charles "Andy" W. Anderson coordinated the Planning
and Teaching Intermediate Science Study. Smith is an associate professor of
teacher education, and Anderson is an assistant professor of teacher educa-
tion. They would like to acknowledge the assistance of Lucille Slinger,
Kathleen J. Roth, and Janet Eaton, :




cognitive structures, which are variously called schemata (R. Andersom, Spiro,
& M. Anderson, 1978; Rumelhart & Ortony, 1977), frames (Davis, 1981), alterna-
tive frameworks (Driver & Basley, 1978), and many other terms.

An important aspect of this recent research has been the discovery bf how
often these cognitive structures are inadequate or incorrect, In the fiald of
ac;ence, for example, researchers have found that most people understand the

motion of objects by using physical theories more closely akin to thosg of

o

Aristotle or medievil theorists than io those of Newton or Einstein, (D{ _
Sessa, 1982; McCloskey, 1983); that althougﬁ students ai the -end of a high
school chemistry course can often balance chemical equations, many have little
or no understanding gf what the symbols represent (Ben Zvi, Eylon, &

Silberstein, 1982); and that young children who say, "The earth is round," may
not be referring to the earth we live on at all (Nussbaum & Novak, 1976),

Overall, the picture that emerges is one of human being; as cre;tures of
bounded rationality. What people do is sensible, but their comprehension and
learning are limited both by the fact that they often depend on incorrect
schemata or misconceptions and by the limits of their information-processing
capacity.

In this study, we examined the implications of these findings about human
cognitive processing for the teaching ang learning of elementary school

S

sciente, We believe these findings have {mportart implications for both

teacher education and curriculum development.

Methods
The methods used during each year of the two-year Planning and Teaching

Intermediate Science (PTIS) Study are described below.




Year 1

Year 1 was devoted to naturalistic observation of teachers and students
in fifth-grade classrooms. Case studies were counducted of nine teachers as
they taught the Producers part of a revised version of the Science Curriculum
Improvement Study (SCIQ) Commuqitiea unit (SCIS, 1971). Seven of these
teachers used the SQIIS version (Kno;t, Lawgon, Karplus, Thier, & Hontgoqe:y,

1978); two teachers were using the SCIS II versiond (Paldy, Amburgey, Collea,

Cooper, Maxwell, & Riley, 1978). Case studies were conducted of five teachers .

as they taught the Light unit from the Laidlaw Brothers Exploring Science
textbook (Blechs, Gega, & Green, 1979).

" Bach of the 14 case studies consisted of (a) pretests and posttests
administered to the students, éb) obgervations that produced detailed narra-

tive records of some or all of the lessons taught during the course of the

unit, {c) interviews with the teacher, and (d) observations of teacher plan-

nlng. .

Year 2

The results from the first year's case studies were usel as the basis for
designing modificatlons.ln the two units. (The modifications are discussed
later in this paper.) Case studies were conducted of four teachers using the

modified Producers .part and of six teachers using the modified Light unit,

Year 1 Results

What we saw during Year 1 could be described as universal failure. Even

though most of the teachers who volunteered to participate in the study were

A

3SC115 and SCIS 1I are both revisions of the original SCIS program. Por
simplicity, all three programs will be referred to in this paper as SCIS.
Anyone wishing to know which teachers used which version of SCIS may contact
the authors, -

§
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dedicated, experienced, and able, there was not a single classroom in which
even half the students came to understand the key concepts taught,

We attribute this failure of instruction to three types of—information-

processihg problems that affected students and teachers. Two of these prob- &

lems concerned the preexisting cognitive structures of students and teachers;

"

both students and teachers were affected by misconceptions, beliefs that had
negative effects on the way that they processed information in the classroom.
in additian, teachers were limited in their ability to respond to the multiple

demands placed on their information-processing capacity.

Misconceptions Among Students

Consistent with the growing body of research on student miaéonceptionp in
sclence (Helm & Novak, 1983; Driver & Erickson, 1983), our pretests and class-
room observations revealed the existence of important stqunt misconceptions
about both light and plants as producers (C. Anderson & E:Hémith. 1983a; Roth,
E., Smith, & C. Anderson, 1983). In Table 1, thesc misconceptions are con-

trasted with the scientific conceptions presented in the commercial progran.

 materials. Also consistent with the misconceptions research, our posttests

indicated that less than a quarter of the students had come to believe the
scientific conception as a result of the instruction on altﬁer unit.

In addition, our analyses of ciassroon instruction documented ways in
which student misconceptions contributed to these results. The students' mis-
conceptions affected both their interpretation of instruction and their be-
havior (Eaton, C. Anderson, & E. Smith, 1984; E. Smith & C. Anderson, in
press).

For example, ona of the crucial experiments in the SCIS unit involved

growing arass plants in the light and in the dark. Students' observations




that the plants in the dark began to grow and then wilted were designed to set

the stage for the introduction of photosynthesis:

The plants in the dark died

because photosynthesis is their omly source of food after the food \stored in

the seaeds 1s used up, and they could not engage in photosynthesis withaut

light. However, the atudents' misconceptions caused them to interpret the

" Table 1

Contrast Between Common Student Misconceptions

Issue

and Scientific Conceptions

Common (.isconception

Scientific Conception

Light

1. How do people
see?

2., What is color?

Light shines on or brightens
objects so that people's eyes
can see them directly.

Objects have colors. Light
helps people to see those
colors. -

People's eyes detect .
reflected light that has
bounced off objects.

Color (wavelength) {s &
property of light. Ob-
jects appear colored
because they reflect some
colors of light while
absorbing others.

Producers
1. Where do
plants get

their food?

2. Why do plants
need light?

Plants take in their food in
the form of water, fertilizer
(plant food), and/or other
materials.,

Plants need light to live
and grow or be healthy.

Sprouting seeds use food
stored in the cotyledons.
Mature plants use light
to make their own food.

Plants use light energy
to make food, without

which they cannot live.

experiment dil{ferently.

Because they_aasuned that food for plants was water

and other materials taken in from the environment, most students saw no

connection between the experiment and the issue of where plants get their




food. Instead, they interpreted the pale and sickly ;ppearance of ‘the plants

in the dark as support for thelr mlscqncepflon: Plants need light in order to
stay green and healthy. Thcy saw no need for further expianation (E. Smith &

C. Anderson, in press).

Our analysis of the text and teacher's guide for the Light unit indicated
that the authors had no awareness of the conceptual-change problem. They pro-
vided no 1:£ornatlon ;bout probable student misconceptions and no teaching
suggestions to helpﬁaddress them. In fact, the choice of language in the text
was often consistent with the miasconceptions (Egton; C. Auderson, & EJ Smith,
1984). 1In _contrast, the SCIS teacher's guide ;1d include some information
about misconceptions, and some of the teaching suggestions did appear aimed at

attacking theﬁ. However, much of this strategy was implicit and buried in a

myriad of precedural details (E. Smith & C. Anderson, in press). _/

Misconceptions Among Teachers

Classroom observations, observations of teacher planning, and interviews
with téachera dur}ng Year 1 convinced us‘that the teachers were also affected
by misconceptiona, Unlike the students, whose crucial misconceptions were of
science content, the teachers heald mlsconceptgpﬂ; that were essentially
pedagogical. : /f; |

The teachers observed during Year 1 could be characterized as exhibiting
one of three approaches to the teaching of science. Although these three
approacﬁep'ware quite different from each other, none of the 14 teachers we
observed was particularly aucceaafukoin getting students to abandon their mis~

conceptions and understand the scientific theories. The three approaches were

activity-driven teaching, didactic teaching, and discovery teaching.

-
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Activity-driven teaching. Teachers using this approach focused primartiy

on the activities to be carried out in the classroom: textbook reading,
deponatrationa. experiments, discussions, and so on. The tedchers were olthor
unconcerned about or unable to determine the specific contribution of the
activities to léarnlng. They ténded to assume that if they followed the

recommendations of the authors of their textbook or teacher's guide, student.

i

learning would occur autonnfically. Student posttest results indicate that
this assumption was uujustiiiggf the activit;-driven teachers often unknowing-
ly modified or deleted crucial p:fts of the program, making it almost fimpos~
sible for the students to learn the sclentific theories.

Activity-driven teachers for whom case studies are available are
“ Ms. Baxter (Eaton, C. Anderson, & E. Shith. 1984) And Ms. Ross (E. Smith &
Sendelbach, 1982). '

Ms. Bax;er closely followed the Exploring Seience textbook, reading the
text with her class and doing the suggested experiments and deuous;rations.
She covered everything in the ;ext°and added a few aupplementél materials and
activities. 'She rarely planned more than one ddy ahead.

Although Ms. Ross believed that she was following the recommendations in
the SCIS teacher's guide closely, Smith and Sendelbach found that she unin-
tentionally diverged from those recommendatfons at numerous points. In
particular, she tended to curtail or omit class discussions designedfto help
students think meaningfully about the activities they ;ere doing. Her plan-
ning generally focused on materials and the timing of activities; ohe con~
fidered what her students might learn from those activities omly if she had
time {a the few minutes immediately before class began.

With their heavy focus on management details, the activity-driven

teachers were generally not aware of, or concerned about, their students’

12
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conceptual difficulties. In evaluating the success of their teaching they

focused on management and student interest and behavior rather than student

learning.

Didattic teaching. Most of the teachers using the Exploring Science

textbook regarded the text as a repository of knowledge to be taught to the

students. Not suspecting the existence of student misconceptions, they

" remained unaware of tﬁim throughout the unit, There is no evidence that the

+ textbook authors were aware of the misconceptions either, As a result, the

teachers failed to detect evidence that their students were 1nterpret£n§ much
of the text information 4in terms of - their misconceptions a;d were having
trouble understanding certain crucial new ideas. Consequently, most students
remained committed to their misconceptions.

Teachers taking a didactic approach for whom case studies have been
developed include ns.-koaal (Slinger, C. Anderson, & E, Smith, 1983) and

Ms. Lane (Eaton, C. Anderson, & E. Smith, 1984). Both Ms. Rosal and Ms. Lane

__were excellent teachers, among the best we cbserved. They began plamaing ==~

their units well before they taught, locating and reading additional informa-
tion about ligﬁt and its properties and searching for supplemental materials

and toaching ideas. Their teaching was well organized, carefully planned, and

“"interesting to the students.:

All of these virtues, however, were not enough. Most of the students
were still committed to theif misconceptions about light and color at the end
of the unit. Like other teachers who taught in a didactic manner, Ms. Rosal
and Ms. Lane had presented the scientific conceptions in a manner that pre-
cluded expression of th;>children'o own thinking about light. As a result,

they never became awvare of their students misconceptions, and their students

13




never became aware of the conflict between what- they were being taught and
their own previous ideas. |

Some of the SCIS teachers also taught didacticaily. They followed many
of the suggestions in the teacher's guide, but attempted’ to guide the discus-
sions with lmprovticd convefgent questions and hints so that a story line
emerg;d to explain the results obtained (Smith & Anderson, 1983). This tendqd
to mask student misconceptions. Their occasional emergence went unnoticed and
unchallenged. .

The ‘students' misconceptions made the story line difficult for them to
follow{ many could not follow it. They continued to interpret their classroom
experiments in ferma of their misconceptions. Although some students were
able to f;?f;iﬂthis story line, they usually acéuired’the new concepts with-

out reconciling them with their misconceptions. This resulted in serious dis-

tortions ‘in the conceptions these students developed.

Discovery teaching. Several of the $CIS teachers tried to avoid telling

answers to their students, encouraging them instead to develop their own fdeas
from the results of plant-gfowing experiments., -In so doing, the teachers mis-
{nterpreted crucial parts of the SCIS teacher's guide, vhich call for direct
presﬁntation of the concept of photosynthesis during the "Invention" portion
of ‘the SCIS Learning Cycle. Ambiguities in the teacher's guide and the per-
ception that SCIS was strictly a discovery program, however, prevented these
téachers from understanding the nature of "Invention" as intended by the SCIS
developers,

Most of these teachers were also unaware of the importance of the stu-
dents' misconceptions and did not.underatand the intended function of specific
éeaching suggestions in challenging them. They often asked students to inter-

4

pret their observations in open-ended ways when the teacher's guide suggested




. questions that would lead students to consider specific theoretical 1saues.

In the absence of direct information and feedback from their teachers, most
aiudanﬁs used their misconceptions as the basis for interpreting the plant-
growing experiments. .they did not devel&p‘a scientific understanding of
photosynthesis as portrayed in the teacher's guide.

Ms. Howe (E. Smith & C. Anderson, in pfess) {interpreted SCIS as a dis-
covery program. She found {t very frustrating that her students were unable
to invent the concept of“photosynthesls on their own, even after conducting

the plant-growing experiments, and ultimately decided that the SCIS program

vas inadequate for teaching students about photosynthesis.

Other dlscovety-oriented'teachers dcalt with their students' failure to
invent photosynthesis by co;cladlng thaé the invention of photosynthesis was
not the goal or main point of the unit, that thehprocebs of conducting experi-
ments and thinking about their imp}icatlona was more important than the |
specific scientific concepts that might be developed through that process.

Althodgh the vagueness of the teacher's guide'nakes this interpretation

Communitiee Unit as a whole. 1If students are to understand the functioning of
a blological community, they must come to know that plants are producers:
Plants make their own food through the proceas ot photosynthesis.

In general, the discovery-otiented teachers became moxe aware of their
students' misconceptions than did the activity-drivan or didactic teachers.
Because they lacked an adequate strategy for teaching the scientific concep-
tions, however, they were no nore_aucccaoful in helping their students undexgo
conceptual change. The result was that several of the discovery-oriented

teachers found themselves frustrated and disturbed by the contrast between

10

“n?

“defensible; we do not believe that it is consistent with the structure of the
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their atud‘;::jx:;tual understanding and what they wanted their students to

understand.

. In contrast to the three appro?ches juat -described, a conceptual ghange
approach intentionally addresses the problem of getting students to change
their misconceptions and adopt the intended goal conceptions (aée'pp. 19-23).
The Exploring Seience program 41d not address the problem 6! conceptual
change. While. the SCIIS and SCIS II teacher's guides dld reflact a conceptual
change ;pproach, none of the teachers in the_Yecr 1 study fully implemented
it. Thus the major task we faced in Year 2 of the project was designing ways

to help teachers implement a conceptual change approach to teaching.

H

Teachers' Information-?roceabing Limitations

Each of the approaches to teaching we observed in Year 1 was inadequate
in that it failed'to producg.conceptu;1 change (see Table 1) in most students.
1t was clear, however, that simply providing téachers with information about e
. their students' misconceptions or appropriate teaching techniques would not be
—————~_w~w—sué:&e%ea%»to—changa—the&#—appsoaehoa~%o~teach4ag.n_the“SCISW:eachaza,finﬁ ,,,,, S
particular, were experiencing difficulties because they were failing to make
use of information that was already in the teachers' guide. -
We beliave that both ot.the essential insights of cognitive science dis-
cussed earlier are necessary to explain this failure. The teachers' diffi-

cultias were due in part to the effects of theiy cognitive structures. They

-

depended on their own previous ideas about téaching and learning as they

interpreted the teacher's guide. Thus they failed to recbgnize the uausual

and sophisticated strategy implicit in the SCIS Learning Cycle (E. Smith & C.

Anderson, 1983). - i | ,ﬁﬁ#ﬁ ‘.o




. ipﬁreqse the teachers' information-proccsiing load.
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The teachers' information-processing limitations also played an essential

role. Teaching an activity-based program like SCIS is a complicated and mul-
" : LN

tifaceted endeavor. 1In fact, ‘the teachers were flooded with so uucﬁ"ipforma-

éion ;nd 80 many probleui that they h;d to ignore sgneihing. Under the#e"q;r-
cumstances, it is not surprising that a dtocusolon-of.the SCIS Leatning Cycie
in the introductory material aad a few references to student misconceptions
did not get the attention our results indicate they deserved (E. Smifh &

C. Anderson, in press).

Year 2 Results

During Year 2, we developed and field-tested improved curriculum
materials. The results from the first year made clear the nature of the task
to be done. We needed to develop curriculum materials ihat helped teathers

become aware of, and responsive to, their_students‘ misconceptions but did not

Modifying the Program Hatérials

-—-——-We--began moé&%ylagmehe progian ma teriala with an underatanding"iﬁat al-

though neither'progran vas successful in inducing conceptual change, the rea~
sons for their fatlure were quite different. The Exploring Seience textbook
was sinple to use, dbut it embodied a didactfc instructional strategy that was
inaaequate. The édxs program, on the other hand, was blae¢'on.a_aoph£st£cated
atrategy for conceptual ghange, but teachers falled to implement this strategy
due to difficulties utth the content'and organisation of the teacher's guide
and the conﬁlexit{ of teaching activity-based science. Instead, they inter-
preted the teacher's guide as embodying alternate strategies (activity-drivenm,
didactic, or discovery) that they un&eratood boiter and that were simpler to

use. Given the differences in the programs, wve chose to modify them in dif-

- fetent na;s.
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A series of 13 supplemental transparencies was created for the textbook

" teachers. Each transparency presented a situation and asked a question that

could be answered uainﬁmitiﬁ;fm;ﬁim3iu&;ﬂ£;‘mﬁiiédﬁéébﬁi&ﬁéuéf.;wiéteﬁilftc

conception of light, An overlay presented a octenttfic anawer to the ques-

.Vtton. An accompanylng teacher's . guide (c. Anderaon & E. Smtth, 1983¢)

describted student miaconceptions and congrasted them with the scientific

theories. A sample page from the teacher's gutde ;o'tllustratcd in Figure 1.
Pof SCIS, modified taacher'l‘gutdes were developed to clarify th;

i{nstructional strategy implicit in the teaching auggea;tons (E. Smith &

A. Anderson, 1982)., The modifications were designed to (a) make the nature of

student mtaconceptiona clear to the teachers, (b) help the teachers underatand .

how each suggcated activity contributed:&o the development- of atudenta under-

standing, and (c) reduce the tnformattoniproceootng demands on the teacher
during planning.

/
Classr@om Observations for Year 2

The modified naterlals changed the classroom behavior of both taxt\ook
and SCIS teachers. \\

The aix textbook teachers we observed (four of whom had also been
observed during the first year) commented that the ttans?creuctes and accom~
panying teacher's gulde-hud helped them to cgartfy thelir dnd;ratandlng of what
they shou1§ be teaching and why. During class they were much more likely to
;edutre students to explain their thinking about light and seeing. They also
gave students more specific feedback, indicating ways in which the students'
1deas about light or vision were deficient. The teachers also placed more

emphasis on crucial concepts, rather than treating the contents of the text-
\

"baok as a list of facts to be presented and discussed one at a time (C,

Anderson & E. Swith, 1983b).

18




light strikes the free
The boy +o tree.
dsos it l3:,’111%3 e the
A t the |y
is T_eeffech L'#’h‘liebg\r’::easnd
goes to the boys eyes.

1. How Light Helps Us to See (page 143)
L1 ‘ .

Common student answers. Many of your students will probably give answers
like these to the question: '

"The sun shines om the tree."
"The light mskes it brighter."
"You can't see {n the dark."

Although these answers are not wrong, we find that children who give
answers like those above often do not understand the role that ruflected light
plays in seeing. They tend to believe that we see objects dirertly rather
than detecting light that is reflected from objects. They alas commonly think
of light as a condition (like warmth), rather than as a form of energy that
travels through space.

Textbook answer. The arrows on the tranaﬁareney make 1t possidle for you

to folTow the path that light takes to the boy's eyes. WNotice-that the boy

does not see the object directly. Instead he sees the light that is reflected-
from the tree and reaches his eyes.

Figure 1. Sample page from teacher's guide.
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The four SCIS teachers, twd of whom had participated in the first year of
the study, reported that the revised gulde-mnda their planning easier and im-

proved their understanding of speciffg teaching suggestions. We saw evidence
i _

of increased use of the teaching suggestions in their classrooms. Key ques~
tions were usually posed and all of the teachers presented information about
photosyanthesis at the appropriate points. However, there was consgderable -
variation in the degree to which the teachers became aware of and AIrectly
challenged ;helg students' misconceptions and in the emphasis placedﬂon the
inyeqtlon of photosyntheslis, | |

| The teachers reflected varying combinations of hesitancy to go against
their previous approach, failure to recognize indications of student miscon-
ceptions, and inadequate understandlné of the functions of some of tiie teach-
ing suggestions in challenging student mlscqnceptions. These results suggest
that the revised guide was more guccessful in limiting informatiomn-processing
demands on teachers than in helping them fully implement a conceptual-change
appro&ch to teaching.

There appear to be several reasons for these results, We d{d ﬁot ade~
quately anticipate, the teachers' alternative views and approaches ks. Smith &
C. Anderson, 1983)Iand, therefore, did not adequately emphasize those asbects
of the guide most likely to be misconstrued or overlooked. Neither did we
give adequate guidance for interpreting anticipated student responses in terms

of student éonceptldns.

Other reasons for these results relate to the instructional strategy

ftself. The complexity of the atrategy makes it inherently difficult to fully

grasp. Also, ambiguities in the empirical results of the students' experi-

ments made some key stratczic moves less attractive to the teachers. Finally,




16

the strategy faills to address certain aspects of students' misconcantions,
especially the underlying conception of what constitutes "food" and why.
Overall, the observed changes in the behavior of both the textbook and
SCIS teachers showed movement toward a ‘conceptual change style of teaching.
The tgxtbook teachers, in particular, were far more sensitive and responsive

to their students' misconceptions during Year 2.

Student Learntngﬁfcr Year 2

The student test data for Year 2 showed results roughly parallel to those
shown by tﬁe classroom observational data., The textbook teachers were much
hore successful in changing their students' conceptions of light than they had
been the previous year. The results for two of the most important goal coun-
ceptions are presented in Table 2. Results for other concepts were similar
(C. Anderson & E. Smith, 1983a).

Table 2
Percentage of Students Understanding Two

Important Concepts About Light and Seeing

Year 1 Year 2
Pretest Posttest Pretest Fosttest
People's eyes detect reflected 5 22 6 78
llzhto
People see the colors of 2 14 2 39

teflected light.

The analysis of SCIS data shows no overall improvement in student learn-
lag between the two years. We attribute this to several factors. As dis-

cussed above, the revised guide was only partially successful in improving

21 E
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;gqcharg'.awhronooa of students' misconceptions and the role of specific
tagching suggestions in challenging them. Beyond this, however, there 1is
evidence tﬁat a deeper misconception about what constitutes food for ?lanta
existed that was not addressed by tha SCIS strategy (Roth, E., Smith, &
C. Anderson, 1983). fAlthodgh students may come to believe that plants make
food, they do not see that as inconsistent with the plants also taking in food
from other sources. The contrast between the ££;at and third rows of Table 3
{1lustrates the number of students who fell into this category. The SCIS
strategy does not provide a basis for rejecting the idea that any materials
plants take in from their environment constitute food.

A further prodlem 1is reflected in the second row of Table 3. Few of the
s tudents unde;stood the relaiion between light and the making of food. The
itrategy {n the SCIS unit requires that students come to view light as erien-
‘tial for plants to survive. The ambiguity in the empirical results the
students obtained in their experineqta appeared to move some students away
from this belief; (In the hands ofgfltth graders, it was not unusual for
plants grown in the dark to live as long as plants grown in the light). Our:
suggestions to help reduce this ambiguity in Year 2 did not result in much
improvement, For ecperiments to play their intended role in conceptual
change, the results must be clear and reliable. Ambiguity in classroom dis-

course snd loose framing of the issues in teacher questions also contributed

to the problem (E. Smith & Lott, 1983). .

SCIS Year 3 Results

Although not a part of thg PTIS Study, a subsequent study was conducted
that involved a more fundamental revision of the SCIS strategy. Kathleen Roth

developed a unit (Food For Plants) that used the SCIS investigations but also
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Table 3
Percentages of Students Reflecting Understanding
of Important Concepts About Plant Growth

_ Year 1 Year 2
Pretest Posttest Pretest Yosttest
LY . lI
B ) .|
Plants do not take in food o
from their environment, 1 A 1 11
they make {t. g /
. . 4[
Plants mske food only in 2 By 2 15
the light.
Plauts make food. 9 58 16 56 /

;aéluded text materials and expanded use of student writhk to attack *irectly
the students' underlying misconceptions about food and to improve stufgnt un-
derstanding of the nature of scientific explanations (Roth, 1983). Also,
teaching suggestions vere integrated into these materials in ways t?ht reduced

the information~processing load on teachers. These materials were lused with

three classes by a teacher who had participated in Years 1 and 2 o the study.

Preliminary analysis of the tiaulta indicates that there were aujﬁtantlal
changes in both teacher behavior and etudent learning; these chaﬁges were com-
parable in magnitude and direction to those obtained in Year -2 for the text-

book teachers (Roth, in press).

Discussion _
The study reported here and the related céﬁCthual-change research
warrant at least tentative acceptance of the féllouiﬁg_gsaunptlona,about

teaching and learning.
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l. Students often have misconceptions that differ in 1mp6rtant ways from the
\acientiiic conceptions teachers want students to'.learn,.

2. 'Students' misconceptions influence students' behavior and interpretation o
of instruction. ° . .

3. 1f instruction does not take these misconceptions into Qccount, many stu-
dents will misiuterpret instruction in ways that interfere with intended
learning. . .

4. Teachers' use of instructional materials reflects teachers' conceptions of

teaching and learning, teachers' patterns of planning and cesulting infor-
nation needs, and features of the materials themselves. g

5. Few materials take into account the existence, much less the apeclfic
features, of student misconceptions, Few teachers have a conceptual-.
change couception of teaching and learning. They therefore usually have

! - difficulty in interpreting instructional materials and sugguestions that
reflect this conception, ' "

These claims point towgrd a new relationship between research anQ"prac- .”\\
tice. Indead, the results of this project are a demonstration of the poten- '; \x
tial of this new relationship for improving teaching and learning. Research '
examining students' nlaccnceptloﬁa and experience of instruction on a particu- \\\\
lar topic can be used to deveiop strategies and materials that are much more ‘
successful in brlnglng-about student learning of scientific conceptionms,

Further, research examining teachers' conceptivus £ teaching and leirning,

use of materials in planning, and information needs can be used to develop
instructional materials that communicate effectively to teache%s and that
teachers can effectively use.

This study and related research on conceptual change have implications
for curriculum development, Foremost, this work implies that the cognitive
science-based tools now available enable significant improvement in teaching
and learning through appropriate research and development of inatrﬁciional
materials and Qtrategica. 'More specific implications axe described below in
terms of (a) necessary or desirable features of imstructionm, (6) knowledge

needed by teachers, and (c) desirable features of instructional materials.
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Desirable Features of Inatruction

This section is based on the requirements for conceptual change proposed
by Posner, Striko;ruewaon. aud Gertzog (1982). For instruction to be succeas-
ful in achieving conceptual change, it must meet each of these requirements.
Posner and his colleagues and others (Hewson, 19815 Nussbaum & Novick, 1982)
have suggested tactics for achieving these requirements. We do not reiterate
all of their points here, but rather emphasize some of them and make addition-
al points emerging from our own work. )

We believe that the successes we have had in achieving conceptual change
in relatively large proportions of the students we tested and observed are-a
reflection of the success of the instructiom in mpeting these requirements.
While our analyses do not enable us to determine with certainty which aspects
of instruction were primarily responsible, the following paragraéha represent

our best interpretation of the mechanisms by which this success was achievad.

Instruction should lead students to become dissatisfied with their

misconceptions. In the instructional materials we developed and the success-

ful instruction we observed, this requirement has been addriaaed primarily
through posing questions to draw oﬁt anticipated niaconceptiqﬁa, diiectly
challenging anticipated misconceptions, and explicitly comntrasting ant;cipated
misconceptions with the scientific alternatives. | \
Consistent with suggestions in the literature, the successful instrﬁgtion
has posed questions designed to draw out anticipated student miaconﬁeptionga
These questions frequently required students to make predictions and give :
explanations of specific phenomena. Such "exposing events" (Nussbaum &
Novick, 1982) increase both the teacher's and students! awareness of the stu-

dents' misconceptions.
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The auécoul!ul 1uitruc§§gp included direct challenges to anticipated

sconceptions. Such challenges involved developing and discussing

atudeﬁtl
onpert;‘ tal results contrary to e;udent predictions, focusing questions om |
- aspecty of phenomena ‘not explained by -the students' misconceptions, .and
peinting out inconaizannciea between aspects of students' misconceptions and
othey knowledge. The successful instruction also emphasized direct and.
explicit contraatiﬁg of the atudd;ts‘ misconceptions with the aéientifiq
altgrnatives. Frequently, thcae contrasts lnvolve Juxtaposing studeut
exp anatlona with acientif!c explauations ot specific phenomena being con~
sidered. S — | I
-l 1In auqnarygothe successful instruction included many instances in wp}éh /
anfiicipated misconceptions were brought out and challenged. Im our ju?[;nent, |
thgse instances were successful in leading many of the atudentaﬂgp bgébne dis-

sgtisfied with their misconceptions. 'Hany of these instances ﬁay pipg have

ontributed to the instruction meeting some of the other tequiredénts as well.

Insﬁruétion ahouid deQelop an initial, minimal underétandggs of the

scientific conception. This requirement does not imply that & minimal under-
\ Y '

standing is all that is sought, but rather that students must comstruct an

adequate initial repreaentaﬁiog of the scientific conception as a basis fo?
comprehending further in!oranion about it and differentiating between it and’
their niaconéeptiona. Helping“;lndentn accomplish this crucial step is .par-
tléul;ily difficult and, we believe, a point at which instruction often breaka
down, Students ofgen either (mis)interpret information about the new concep-
tion in terms of their misconceptions, find it unintelligible and ignore it,
or ferely memorize the information to pass a test.

. The successful f{nstruction made the new scientific comception explicit in

some form. While this always involved some verbal expression, the "invention"
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(Knott et al., 1978) also sometimes included diagrammatic representations or
. analogies. Successful instruction always involved piesentattons in which the
scientific conception was emphasized and not just presented as one of many

equal pieces of information. The major presentations of the scientific con~

ceptions were usually in the context of appltcattona‘to phenomena with which
the students had already developed some familiarity. Furthermore, the aiu-
dents were frequently required to iamediately apply the new scientific conceps
tion in attempting to explain those phendmena. These applications helped stu-
dents make sense of the scientific conception and provided teachers with
feedback on the students' comprehension. Teachers then provided students with
corrective feedback. The successful teachers usually gave carefully developed -
explanatibns of the conception we had suggested they emphasize. For the Food |
for Plante unit (Roih, 1983), the s;ccesaful teacher included in her presenta-
' tion explicit attention to likely misinterpretations of the ;ctenttftc“concep-
tion. -
The succe;stul instruction usually included several opportunities for the
‘ students to davelo; an initial minimal understandidh of the new sctentifté
% conception. So important was thta'atep that the major presentation and the
i application to familiar phenbmena were repeated more than once. In additionm,
students had opportunities to refine their understanding as the scientific
.conceptton.wao applied to new situations., Such apgltcattouo are discussed

further in the section on developing the students’ sense of the fruitfulness

of a scientific conception.

Instruction should make the scientific conception plausible. A new

scientific conception may initially strike a student as 109}9patble. The stu~

dent might then dismiss {t out of hand or reinterpret it inappropriately in an
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effort to make it more plausible. Thus this requirement is closely related to
the previous requirement, The emphasis on applying the new scientific concep-
tion to familiar phenomena tog.th;r with success {n overcoming misinterpreta~
tioni-appeat.to have enabled the successful teachers to make these scientific
conceptions plauaiﬂlénfb'thelt students.

Our analyses of instruction ;;d_tﬁemitudengaf conceptions have identified

'potenﬁial sources of counterintuitiveness that coul&'he'used_in future in-

structional efforts. For ;xanple, atu{ents sometimes find t;o idea that
people see objécta by dcte;ting light reflected from them implausible because
they don't believe that non=shiny cbjects reflect light. Development of the
{dea that even non-shiny objects reflect light (diffusely) would be useful in
naking'the new conception more plausible. Amticipation of ways in which a new
scientific conception might be counterintuitive can help a teacher teach

better.

Instruction should increase t.~» students' sense of the scientific

.uﬁonception's\fruitfulneaa. Even when students do develop minimal und;ratand-
ing of a new acientific conception and find it plausible, they may continue to
ugse their misconceptions to organize and interpret any new information or
phenomena that they encounter. Students must come to sense the fr&itfulneas
iof the scientific conception if they are to choose it as the basis for further
thinking. The successful instruction included opportunities for students to
apply the scientific conceptions to a variety of situations im such a way that
the relationships between the scientific gonception and 1its applications were

nade explicit,

1t takes 8 lot of effort. In these paragraphs we have described features

of instruction that was successful in achieving intended changes in the

. ‘ 28
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conceptions of a relatively large proporttoﬁ of the_gtudents in the
participating classes. This success was achieved only-éfter g&notder«ble
effort to determine the obstacles to student learning and to proyid§ teachers
wtth.naana to improve their instruction. While much remains to be dome to |
* further undetstand these feitures of instruction and their-con;:ibuti;na, ve

feel that the success achieved to date ﬁarrants continued work.

Knowledge Needed by Teachers

Any kind of teaching requirégiknowledge on the part of the teacher and
those who deveiop materials for teachers. However, various approaches to
teaching require different kinds and amounts of knowledge.

The activity-driven approach-deocribed earlier requires knowledge of what
students are to do and procedures for getting them to do it. Detailed knowl-
- edge of the learning goals and the learning functions 6& particular activities
are not essential. | |

The discovey and didactic approaches require not only knowledge of
activities but knowledge of the functions of those activities in relation
to specific learning outcomes. While the didactic approach requires detailed
knowledge of content to be presented and a story line that comnects this con~
tent, the discovery approach requires detailed knowledge of the observations
that will form the basis for student discovery of new concepts.,

Teaching for conceptual change is unique in rcquirlﬁg knowledge of stu-
dents' misconceptions, the goal concuptions that students are to develop, and
the pedagogical tools by which students will be encouraged to give up their
misconceptions and conatruct.gnd develop commitment to more scientific alter-
natives. In the following paragraphs we elaborate the knoglodgo tequirements

implied by the features of instruction described in the previous section.
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While all of this knowledge is interrelated, we have organized the

. presentation in terms of knowledge of content, knowledge of students, and

knowledge of activities.

Kuouledﬁe of content. Teaching for conceptual change requires sound

knowledge of the topic under study. In particular, it requires understanding
the organising conéeptiqno underlying the topic and a variety of apéltcationa
of those couceptions to specific phenomena. Rather than béing organiszed as a
string of facts as was typical in the didactic approach to teaching. knowledge
of the topic 1s organized around boaic underlying conceptiona. The develop-
ment of student .understanding of these basic conceptions is the primary learn-
.ing goal of {nstruction. Thus knowladge of these particular goal conceptlona.
as diatinguished from & variety of auxiliary informatiom, is aaaential.

The instruction characterized in the pre;%hna section makes conaiderable
use of applications of the goal conception to various phenomena. Such
1natruct£6§ requires knowledge of these applicatioﬁs. furthermore,‘it is
essential that the teacher undofatand specifically how the goal conception
appliea_to these phenomena, a condition of ten not met in the less successful
instruction we observed. | |

While this knowledge of content has been descridbed in {solation fromﬂbur
characterization of required knowledge of students, in practice, the 3601 con~
ceptions and applications are understood more completely in terms of their

contfaot with student misconceptions.

Kaowledge of students. While all of the approaches to teaching described
"here require some knowledge of how students will typically respond to {nstruce

tion, conceptual-change instruction is unique in requiring knowledge of the

©




nature of the misconceptions students bring with them to instruction and the

manifestation of those misconceptions in applications.

Knowlgdqgmggmfkgmg;ud.“pf egplgggtion fhat atudeutgm}eud to-give is”glso_

fmportant. For example, student tendencies to explain phenomana in terms of -
empirical factors that constitute, in essence, circular reasoning (as when
atudouts';;plnin that plants need light because they can't live without {t),
nead to be contrasted with the kinds of explanation represented Ey application
of tho_goal conception. Thesa explznatory tendencies are part of the prior
knowledge or "conceptual ecology" (Strike & Posner, 1982) - that students bring
with them to instruction. It may be necessary to take into account such
tendencies or even change them in order for the intended conceptual change to
occur. Indeed this might be viewed as a £9tm of coﬁéeptual change in {taelf.
The knowledge of content and students' misconceptions together represent
knowledge of the goal of cguceptual change teaching. That is, they r?preseut

detailed knowledge of the changes to be brought about through instruction.

Knowleggg of activities. In contrast to activity-driven teaching, con-

ceptual-change teaching requires more than simple knowledge of what to do aund
how to do it. Conceptual-change teachiﬁg requires knowledge on which t; base
diagnosis and interpretation of the significance of student dbehavior and
appropriate couting;ut teaching strategies. To be successful, conceptual-
cha;ge teachers must know when and how to apply each of the stiateglea Just
described, and they must do so while tuccessfully coping with all of the nor-

mal demands of classroom management and organizatiom.

Desirable Peatures of Instructional Materials

The instructional materials availadle to the teachers we observed were

not well suited to conceptual-change teaching. They either failed to address
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the problem of conceptual change or failed in their effort to communicate

- necessaty information to teachers. In our efforts to help teachers more

successfully promote.conceptual change, we developed materials that, in addi-

tion to reflecting conceptual-change strategies, addressed the goals of (1)
pt;vldlns teachers with needed information, kZ) limi ting information pro-
cessing dQuanda on the teacher to realistic levels, and (3) promoting concep-
tual change in teachers as they used the qatetlals. Feedback from teachers
and 1nctgooed_qtndent learning indicate that these goals were achieved to a
significant A;tent. In th&sfollowlng paragraphs we will describe the fea:d;es '

of.the instructional materidls that addressed these goals.

Instructional materials ahoutd ptovide information needed by teachers.,

The fnstructional natetlals we developed made explicit information about
content, students, and activities. The naterla(s provided information about
goal conceptions and their applications to'yhen§§ena. expected student
responses to diagnostic questions and aids to interpretation of students' mis-
conceptions, contrasts between students’ misconceptions and goal conceptions,
and various specific teaching suggestions to help promote comceptual change in
students. Also made axplicit were the functions of the suggested teacher
behavior in the conceptual-change process. For example, the purpose of par-
ticular questions 1n.brlnglng out or challenglﬁg student misconceptions was
1ndlcatod. '

While inclusion of thls information within the instructional material was
necessary, siamply making it explicit was not sufficient. Our research indi-
cated that if teachers were to have access to this information, it would have

to be presented so as to not produce an information overload.
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Instructional materials should not overload the teacher's information-

processing capacity. One way we addressed the need to limit tnf&tmatlon-

.processing demands on t?o teacher was to'lnclhd; faformation in materials
directly used by studenin whenever possible. For example, we built diagnos-
tically useful questions into overhead trahsparenctea (C. Anderson &
E. éntth. 198§c) agd a student text (Roth, 1983). ?reed from having to think
about the spoﬁtftc wording of the questton’. teachers.could focus their atten-
tion on studeﬁt responses, rormulattons.ﬁf the goal conception were also
included in tﬁg student nntertais. In some instances, tnfdfmatton about .
anticipated st;dent misconceptions was also included in student materials
along with explicit contrasts between these and the goal conceptions (Roth,
1983). \
Information needed only by the teacher was organized and located accord-
ing to whether it would be needed for long-term, weekly, or daily planning and
pr;paratlon. Information was presented in clearly thentttted and stable loca~ >
tions within the materials, Whenever possible, information was located in
portions of the materfals that the teacher would be using when the 1gforuat£on
was needed. For example, information about anticipated responses to diagnos-
tic questions was included near_the statement of the questions in the teach-
er's version of the student materials (Roth, 1983).
The large'volume of information required for a given unit led us to break
the instruction cown intc meaningful segments or chunks. The organization and
rationale for each unit could Sc understood in terms of the chunks and their
interrelationships. However, the detailed information relevant to each chunk
could b§ dealt with one chunk at a time. For example, a three-week investiga-
tion in the SCIS unit was broken downm tnt9 a series of lessons and activities.

This organization was presented as an overview of the investigation along with
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& brief narrative description of the strategy for the chapter and the function

of the activities in bringing about a specific change in student conceptloﬁa.
However, the detailed teaching suggestions were presented on an activity by
act;vtty basis.

In some inauncea‘..’ the {nherent conploxlty"o} activities made teaching
them especially difficult. In such cases we lepllfled the activities tn.vaya
that would not compromise their ma jor instructional comtributions, .

In sum, the;e features of the instructional materials were incorporated

to allow us to communicate additional information to teachers while at the

same time limiting or even reducing information-processing demands.

Instructional materials should promote conceptual change in teachers.

Teachers' interpretations of instructional materials are governed in part by
their conceptions of teaching and learning. Thus to have access to the infor-
'natio; in the teachers' guide and to iuncorporate suggested features in in~
struction, the tecachers must develop a conceptual-change conception of

-3

teaching. The teachers' use of the teachers' guide must help teachers develop

- this conception aa;diatinct from the activity-driven, discovery, or didactic

conceptions with which they might otherwise interpret the suggestions. The
instructional materials were designed to promote such conceptual change
through both use of the materials per se and through the interpretation of
student bdehavior.

A conceptual-;hange conception of teaching and learning is built into the
very fabric of the instructional materials. The learning goals are stated as
desired conceptual changes, and both probable student miscoﬁceptiona and goal
conceptions are made explicit. The function of activities and teaching strat-

egies In promoting conceptual change in the students is also made explicit.

34




30

While these features are important, we believe the most powerful device £or'
promoting conceptual change !n teachers lies in helping them interpret student
responses. [
| The instructional materials that we have developed make use of a feedback

: loo;. which begins with the diagnostic question included in the student or
class materials. The accompanying teacﬁer materials provide information ?bout'
anticipated student responses and théir significance in terms of student con-
"ceptions. The teachers are thus enabled to peréeive utude;t conceptions, in-
cluding misconceptions, {n the students' responses. This increased awa?enesa
of student conceptions, £ogether vwith information about the contrast between
;tudent misconceptions and th; goal conception, form the hﬁsi. for the teach-
ers' understanding ;f the instructional goals and the 1htended-£unction of
va;i&ul teaching suggestions. Ve have observed that teachers using the mate-

" tials have Seennable to improvise and supplement the suggested strategies as
needed to encourage student learning.

As implied, we do not view it as essential that teachers complete this
important conceptual change bofotcmhgginning to use the materials, Rather,
this process can continue gradually Qé‘teachero use the materials in conduct-
ing instruction. Although 1paervicd:education can undoubtedly contribute to
the conceptual-change process, it need not“carry the entire burden. Further
research will be needed to determine the potential contributions and cost
effectiveness of these twow;oans of pr;;oting teacher development tqs concep-

tual chan;e teaching. .
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Publications Currently Available in the Research Series
‘of the Institute for Research on Teaching (IRT)

R.5. 89 The task features analysis system. N. Lindes, E.L. Smith, & C.¥,
. nderson, 1981, .

This manual describes the system used to analyse teacher's guides for the
" PTIS Study. :Each section of the teacher's guide is broken info a series of
classroom tasks, and key features of those tasks are described in a way that
facilitates comparison with observed classroom instructiom.

R.8. 90 An_‘natruettonal sys tem

for observing and analyzing elementa
4uger 8 manual. R. Hollon, C.w.

This manual describes the classroom observational procedures used for the
PTIS Study. Instryction is divided into a series of classroom tasks, and both
narrative and coded' data are produced. In conjunction with R.S. 89, this-
manual can be -used *9 produce systematic comparisons between class:oom in~
struction and the tdpcher's guide on which the instruction is based.
. \ . , _

1
1
5

R.S. 172 Plants ao;ﬁ-odncera: A tase study of elemenary sctenc: teaching.
. E.L, Smith E C.W. Anderson, 1983, $3.00 . ‘

e ————

(An edite ersion of this report has been accepted for publication
in the Journal of Research in Science Teaching.) o :
/ B ’

This paper reporks 4 case study of a teacher trying to teach her atudents
about photosynthesis using materials from the Science Curriculum Improvement
Study (SCIS). It describes her attempts to implement what she viewed as the
activity-based, discovery teaching strategy of SCIS, and her growing disillu-
sionment as she found that the students consistently failed to interprat
results of their experiments as she had anticipated. It shows how a knowledge o
of the students' misconceptions makés their reactions understandable and how R
the teacher's interpretation of the SCIS teaching strategy prevented hex from o *
taking actions ;that might have helped the students overcome their misconcep~

tions. An analysis of the difficulties created by the style in which the SCIS

teacher's guide is written’and suggestions for improvement are included.

7

* To order, pleage send-check, money order, or prepaid purchase order (payable
to Michigan State University) to IRT Publicatioms, <5¢ Erickson Hall, Michigan
State University, East Lansing, MI 48824-1034, Michigan residents should add
a 4% state sales tax to all orders. Foreizn orders must be paid by either an
{nternationgl money ovder or a check drawn on & U.S. bauk. Please allow four
to six veeks for delivery.
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{(An edited version of this report, which i{s based on a paper
p presented at the 1982 couvention of the National Association
| " for Research in Science Teaching (NARST), has been accepted

| for publication in The Elementary School Journal.)

The report focuses on the difficulties experienced by six students, thrae
in one classroom and three in another, who were studying light. It descrides
the studenis' misconceptions about light, and it shows how the treatment in
the textbook the students were using (Laidlaw Brothers Explorinm Science) and
the instructional methods used by the teachers failed to overcome most of
those misconceptions. The report concludes with suggestions for improving
textbook development and teaching methods.

R.S. 129 Studying light in the fifth grade: A case study of text-based ..

science ching.” LA™ nger, C.w. Anderson, & E.L. smith, 1983.
b

9
This report describes the planning and teaching methods used by one 1

teacher using the Laidlaw Brothers' Exploring Science text. She was & highly
enthusiastic teacher who used .a variety of methods to enrich her students' ex- ‘
periences and make them interesting. However, because she viewed learning as

. a process of adding knowledge to what her students already knew, and because

: the textbook failed to inform her about commor student misconceptions, she

never became aware of some of her students' most important problems, and her.

students ended the unit without understanding certain key concepts concerning

the nature of light and how people see.

R.S. 130 Transparencies on light: Teacher's manual. C,.W. Anderson & E.L,
‘- : Snftﬁ. 1963, 33.00

This manual illustrates and describes how to use the 13 transparencies
that form the basis for the successful treatment conducted during the second
year of the PTIS Study. Each transparency is illustrated. 4n accompanying

' commentary contrasts common student answers to the questions asked on the
transparencies with the scientific answers provided in the Laidlaw Brothers
Exploring Science textbook. A series of tables at the end of the manual
describe common student misconceptions about light and contrast them with

scientific conceptions,

R.S. 139 Ways of going wrong in teaching for conceptual change. E.L, Smith . -
G.W, Lott, in press. ) K . "

This paper teports a case study of a teacher trying to teach her students
aboit photosynthesis using a revised teacher's guida designed to make the S§CIS
strategy more explicit, It describes the strategy in detail, noting the ways
it anticipates and addresses student misconceptions. 1t describes the very

 1imited changes that occurred in students' conceptions and then identifies and
discusses several aspects of the instruction that account for the
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4

disappointing results. .ne discussion emphasises detailed analysis of the
teacher's questions and students' responses to them. (The research upon which
this report was based was supported in part by a grant from the National
Institute of Education.)

Publications in Books and Journals

Anderson, C.W., & Smith, E.L. (1984). Children's preconceptions and content .
area textbooks. Iu G.G. Duffy, L.R. Roehler, and & J. Mason (Eds.)

Comgrohenaion fastructiont Perbgective&.agg au;;eationa. New York:
ongman, i1a/~&LUl.

This chepter presents results of the PTIS study from the perspective of
student comprehension of instruction. It discusses the role of student
preconceptions in. comprehension and describes two case studies (documented
in more detail in R.S. 127 and R.S. 129) that depict the failure of dis-
covery and didactic approaches to teaching in achieving student learning of
scientific concepts, It also describes the moiified teaching materials we
developed and preliminary results from their uve. '

Baton, J.F., Anderson, C.W., & Smith, E.L. (1983). When students don't know
they don't know. Science and Children, 20(7), 7-9.

This article i3 a nontechnical description of the project, emphasizing
the role of student misconceptions in the problems teachers encountered
with student learning of science concepts. 1t describes our efforts to
help teachers by providing modified instructional materials and the results
on student learning. It also suggests ways in which teachers can bdegin to
address the problems posed by .tudent misconceptions.

Eaton, J.F., Anderson, C.W., & Smith, E.L. (1984). Students' misconceptions
interfere with science learning: Case studies of fifth-grade students.
The Elementary School Journal, gi(k). 365-379.

(See note for IRT Research Series No. 128)

Roth. KeJe, Snith./E.L.. & Ander.on; C.4. (1985). Verbal patterns of
teachers. In G.G. Duffy, L.R. Roehler, & J. Mason (Eds.), Comprehension

Instruction: Perspectives and suggestions. New York: Longman,

This chapter describes and compares four teachers in terhs of the pat- 5
terns of verbal interactions that characterized their science classes. The
unique patterns of the one teacher who was successful in helping a majority
of her students understand a new science concept are identified. The
article presents and discusses a model that characterizes patterns of ver-
bal interaction for five different steps or stages of instruction to
promote student comprehension in content areas.

Roth, K,J. (in press). Uslng classroom observations to improve science
teaching and curriculum materials. 1In C.¥W. Anderson (Ed.), 1984 yearbook
of the Association for the Education of Teachers in Science. Cofumsue. OHs
ERIC Centef Eo; §cfence. Hathematics and Guvironmen.ai Educationm.
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This chapter presents a case study following a teacher through three
years of teaching a unit on photosynthesis. She participated in the PTIS
study using the SCIIS teacher's guide in Year 1 and our revised guide in
Year 2. The chapter describes Liow an improved understanding of both stu-
dent and teacher thinking about this unit was used in a follow-up study to
develop a student text/workbook and teacher's guide to accompany the unit,
It also describes how the teacher's thinking and teaching changed in
Year 3, resulting in substantial improvement in student learning.

Smith, B.L., & Anderson C.¥. (in press). Plants as producers: A case study
of alementary acisxce teaching. Joutnal of Rasearch in Science Teechtq&.

(See note on IRT Research Series No. 127)

Additional Information

Those interested in additional information may address inquiries to

Charles W. Anderson

. Sctence Tesehing Project — o0 T TR TR

Institute for Research on Teaching
Michigan State University
Bast Lansing, MI 48824-1034
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