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As reflected in the research reported at a recent international
and Novak, 1983), it is now well established that students generally possess
conceptions relevant to curricular topics before they begin study of them. It
is further clear that such preconceptions often persist despite instruction on
‘scientific theories which contradict them: The discrepancies between the

often represent important failures of instruction.

Viennot (1979) among others has argued that students' preconceptions
persist in part because they have worked so well in the everyday world of
students. That similar ideas have sometimes held sway among scientists for
centuiies is testimony to their explanatory power. Anderson and Smith (1983b)

described how preconceptions are often compatible with much of the student's

learning involves not Simply the acquisition or formation of new concepts: It

filled if accommodation® is likely to occur; that is, if students are to make

*ssth Posner, et al., (1982) and Nussbaum and Novick (1982a;b) use the term

accommodation to refer to instances where students centra] conceptions undergo
change in contrast to instances in which new information is incorporated with

existing conceptions with little change (assimilation).



1: There must be dissatisfaction with existing conceptions.
2. A new conception must be intelligible:
3. A new conception must be initially plausible.

4. A new conception should appear fruitful (lead to new insights and

1. Initial exposure of students' alternative conceptions through their

responses to an "exposing event;"

2. Sharpening student awareness of their own and other students'
alternative conceptions; through discussion and debate;
3. Creating conceptual conflict by having the students attempt to
explain a discrepant event;
4. Encouraging and guiding cognitive accommodation and the invention
of a new conceptual model consistent with the accepted scientific
conception.
In one study Nussbaum and Novick (1982b) applied their model to the
development and assessment of an instrictional strategy designed to promote
specific changes in sixth grade students' conceptions of the nature of gases.

The authors reported that the strategy was "highly efficient in creating

The others ended up with one of five conceptions the investigators identified
as intermediate between the students' original preconception and the goal

conception. The remaining students, about two-thirds, completed instruction

With several misconceptions. The m=jor conclusion drawn by the authors was
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Overview of the Study and Report

In many respects thn present study was similar to that of Nussbaum and

Novick (1982b). It was a case study of the use of a particular teaching
strategy with a single class of fifth-graders. Our data sources included pre
and posttest responses for all students, interviews of target students at five
different points, observation notes and narrative descriptions of instruction,
tape recordings of all lessons, and transcripts of selected class discussions:
In the study we analyzed the changes that did (éﬁd did hdtj occur in the con-
ceptions of the students as they experienced instruction designed to change
their conceptions of how green plants get their food. The instruction was
based on Cnipters 3-6 of the Rand McNally SCIIS Communities unit (Knott,
Lawson, Karplus, Thier and Montgomery, 1978). This sequence incorporates ele-
ments of the conceptual change models summarized above.

One difference between the Nussbaum and Novick study and ours was that,
in our study, the teacher was an experienced elementary teacher teaching her
own students without direct input from the researchers:. She was teaching the
sequence for the third year; this time using a teacher's guide developed in a
change strategy more explicit.

The impact of instriction on students in our study was similar to that
reported by Nussbaum and Novick (1982b). Following instruction only one
student appeared to hold the intended goal conception with the others retain-
ing their preconceptions or various hybrid conceptions. Similar results were
obtained with a larger sample in a related study (Roth, Smith and Anderson,

Uk



While our resuits are consistent with those réported by Nussbaum and

Wise. While these problems may not have occurred in Nussbaum and Nuvick's
study, it is important to consider carefully the adequacy of instruction and
of the particular instructional strategy in making judgments about a generic
strategy and its theoretical base. The contrast between our results and thg
reasonabieness of the SCIIS strategy led us to examine the issue of what went
wrong. We were led to a number of problems that appear to have general impli-
catiens for cognitive instruction. Among these were:

- Students were often uncertain about empirical generalizations
important to the strategy.

= Communication was sometimes hampered by systematic sources of

ambiguity:

- Some important issues were not adequately framed through use of

- The instruction was in some ways attacking the wrong preconception.
In this report we document and describe the nature of these problems and dis-
ciuss their implications for teaching; curriculum development and research.
project; a description of the jnstructional strategy for the instructional
sequence investigated; and a summary of the group results on the pre and post-
gress reports. Additional publications are planned to report other aspects of

the project.



Methods
Data Source

The study was conducted with one of three groups of fifth-grade students
in one of eight elementary schools in a predominantly middle class school
parents and a minority of Black children.

The teacher was an experienced elementary teacher who taught science to
a1l three groups of fifth graders in a team teaching situation. She wag
teaching the Communities unit for the third year. She had participated in a
related study (Smith and Anderson, 1983a) the previous year and had been among
the more successful of the nine teachers observed; although none of those
teachers had been very successful in bringing about changes in their students
conceptions of plants sources of food. As a result of her continued partici-
pation in the related study, she was using a teachers guide designed to make
t-e conceptual change aspects of the instruction more explicit than they had
been in the SCIIS guide. The teaching suggestions themselves remained essen-

tially unchanged, however.

e

Data were collected on the students' conceptual knowledge and their
experience of instruction. Before and after instruction the entire class was
administered a test designed to distinguish among alternative conceptions of
plants source of food and the role of light in plant growth. The test

included multiple chcice and true-false items as well as questions requiring
written answerss This test and the analysis procedures are described else-
where (Roth, Smith and Anderson, 1983). Briefly, the students' responses



then used to compute scores reflecting the amount of evidence supporting
inferences of student belief in alternative propositions and interrelated sets
of propositions or conceptions: Students for whom evidence was contradictory
In addition to the test, four students were interviewed before and after
instruction and at three points during the period of instruction. Each inter-
view presented the students with relevant situations and asked for predictions
instruction included predictions and explanations concerning the investiga-

tions conducted as part of the instruction. These interviews thus provided

Fach lesson was observed and recorded. The observer made notes emphasiz-
ing nonverbal behavior and fociusing on the four target students. Two tape
recordings were nade, one using a directional microphone lccated above the

the teacher. Lessons anticipated as being especially important, beginning or
concluding an investigation, for example, were also observed by a second ob-

narratives describing the instruction. This process included breaking the
lessons down into segments corresponding to the tasks in which students were

to be engaged: Further analysis was organized in terms of the lesson and task
structure of the instruction.
Analysis

The analysis was organized into two phases. DNuring Phase I, the tests;

interviews and lessons were reviewed and the propositional content identified.

[e,)]



The Phase I analysis was designed to tentatively identify important changes in
student conceptions and identify lessons and tasks containing information
relevant to those changes. These changes and the related segments of instruc-
tion became the foci for analysis in Phase Il.

This Phase I analysis was organized and carried out using a master list
of proposition frames. These frames specified certain components of a propo-
sition that were fixed and others that could vary. Any proposition that
reflected the constant porticn of the proposition frame was considered an al-
ternative instantiation of that frame: Codes for the alternative propositions
thus defined were designated. For example, the following frame deals with the
relationship between the continuing growth of plants and the conditions of
light:

Proposition Frane Options
Plants (do/do not) continue to A. Do, light 1. No; only in light

grow in (condition: 1ight/dark) B. Do not. dark

k. Do not, light 2. Do, in Tight or
L. Do, dark dark
The numbered options rapresent more comprehensive propositions, reflecting
combinations of the component propositions represented by letters. The number
1 and letters A-J designate goal propositions; while cther anumbers and the
letters X-U designate alternative ones.

pre/posttest datas In particular, the analysis focused on what happened in
instruction with respect to the questions; anticipated results and presenta-
tions constituting the instructional strategy. As background for the presen-

tation of results, the instrictiondl strategy is presented next.



Communities Unit was a conceptual change strategy. This assertion is based in
part on the authors' explicit definition and discussion of the SCIIS Learning
Cycle but also on our interpretation of the specific teaching suggestions in

the Communities teacher guide (Knoft, et al:; 1978).

The SCIIS Learning Cycle

According to the teacher's guide; the SEIIS curriculum is organized
around a "learning cycle" consisting of three phases: exploration, invention
and discovery. Exploration is characterized as involving students in “"spon-
taneous handling and experimenting with objects to see what happens:" The
guide points out that "the materials have been carefilly chosen to provide a
background for certain questions the children have not asked before." It

further notes, "During exploration activities you have the opportunity to ob-
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serve the children and draw conclusions about
standings" (Ibid, p. xviii). This implies that the exploration phase includes
something 1ike the "exposing events" advocated by Nussbaum and Novick (1982a).
The guide's description of the Learning Cycle does not mention anything like
Nussbaum and Novick's "discrepant events," but as will be seen below; the
strategy for the sequence under investigation does include and make use of
such events.

The second phase of the SCIIS Learning Cycle is invention. This is the
introduction by the teacher of a new concspt as an alternative to the “precon=

ceptions” which limit students' "spontaneous learning." The teacher 'will

have to provide definitions and terms as new concepts arise. This constitites

the "invention"' (Knott, et al., 1978, p. xviii): Further insight into the

i0
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intended nature of the "invention" is provided in an article coauthored by the
director of the original SCIS project, Robert Karplus, (Atkin and Karplus,
1962). While students are viewed as able to "invent concepts readily," they
are not viewed as likely to be "able to invent the modern scientific con-

cepts..." thus "it is necessary for the teachers to introduce them" (Ibid, p.

vy

47). The authors related this idea to the view that science itself progresses
through the invention of new concepts which are not only more powerful and

article.

Following the invention of a new concept comes the discovery stage. It
is important to note that it is not the new concept which is discovered, that
sists of "...activities in which a child finds a new application of a corcept
through esperience” (Knott; et ali; 1978; ps xviii): The students have oppor-
(the new) concept" (Atkin and Karplus, 1962, p. 47). Such activities
"strengthen the concept and expand its meaning" (Knott; et ali; 1978; ps
xviii). They are "essential, if a concept is to be used with increasing re-

finement and precision® (Atkin and Karplus; 1962; ps 47):

The Instructional Sequence: SCIIS Chapters 3-6

The SCIIS Learning Cycle is designed to move students from preconceptions
to new, more scientific concepts and can, therefore, be characterized as a
conceptual change strategy. Further, the four-chapter sequence on which our
rssearch has focused includes elements similar to the exposing and discrepant

events emphasized by Nussbaum and Novick (1982a;b).

11



Communities unit and represents about Six weeks of instruction with about
three lessons per week. The strategy for the unit is represented in Table 1

as a series of questions, anticipated empirical results of student investiga-
tions, and teacher presantations. The major presentation is the invention of
the concept of photosynthesis at the end of Chapter 5.

Although riot initially apparent, the underlying issue for the sequence is
the source of food for plants. Following the student's introduction to the
parts of the bean seeds in Chapter 3, Question 2 raises the issue of the func-
tion of the seed parts. This focus, carried on through Chapter 4, is crucial
since the cotyledon's function of providing food to the embryo is intended to
lead into the central, underlying issue of the source of food for plants.

Raised again in Question 6 this issue leads the interpretation of the investi-
gation in Chapter & beyond the essentially empirical generalization that the
cotyledon and ewbryo need each other for a new plant to grow with which the
discussion might otherwise conclude.

Questions 7 and 14 are important in exposing students' preconceptions
about the relationship of light to plant growth and the sources of food for
plants, respectively. Question 15 is the point at which the anticipated
student preconception that plants get their food from the soil is to be con-
fronted with the discrepancy of plants dying in the dark despite the presence

of rich soil. This conciudes the exploration phase of the sequence.

plants source of food; Question 16 leads to the application of the new concept

in explaining the results obtained. Chapter 6 is the discovery phase of the

—del

sequence in which the concepts of photosynthesis and the food supplying func=

tion of the cotyledon are to be applied in predicting and explaining continued

12
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TARLE 1
SUNMARY OF THE STRATEGY FOR CHAPTERS 3-§ OF SCIIS COMAUMITLES

fntcipated ~ Strategy Elements o Intended Nex
Precaricept fons Framing Question Enpirical Results Presented Informat ion Conceptions

Exploration Phase of the Learning Cycle

hapter 3¢ Laoking at Seeds

1, What is inside ] o N
seeds? Bean seeds have 4 small,
plant-1ike part fnside  The small plant-like -
two larger halves and @ part is the "embryo," Seeds have a small;

skif, the twa halyes are plant-1ike part--
S "catyledons," the embryo--and
2, What do the embryo and Targer part(s)=-the
cotyledon do for the ¢otyiedons;

growing plant?

hpter 4: What Seed Parts Nevelp and Gro

Plants take i their

food from the soil, 3, What seed parts
develop and grow?
What do you think

Water; fertilizer each part of the Bean embryos develop
and minerals are food seed does? into plants only when
for plants. attached to a cotyledon.

4; Why did the cotyledon The enbryo develops
and enbryo 1ive when into a new plant;
joined? The embryo develops

, into a plant only if

5, Why didn't the cotyledon it s attacned to
or enbryo grow dlone? cotyledon, The

Lo _ cotyledon provides

6. What do the embryo and foud for the embryo,
cotyledon do for the
plant? _

s
¥
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TABLE 1 (Cont inued)
SUMMARY OF THE STRATEGY FOR CRAPTERS 3-6 OF SCIIS COMMUNITIES

———————

Aiticipated o Strategy Elements Intended New
Preconcept ions Framing Question Empirical Results Presented Information Conceptions
S Chiapter 5: Do Plants Need L1ght td Grow?
Plants need light to S
1ive and grow, 7. Do plants nead light o , o
to grow? When? Grass begins to grow in the
dark and in light,
8. Why are the plants in the Plants do not need
dark growing so well? 11ght to begin to
o qrom.
9. Khich plants_will survive
better? Why?

10. How could you make the o
yellow grass turn green Plants get food
and the green grass turn from their seeds
yellow? S (coty!edons)

Grass continues to grow in the

1, What has happened to the Tight but not in the dark;
grass set ups?

12, What does 1ight do for plants?

13, Hhy did the plants grow in the Plants do need light
dark for awhile? to continue to grow;

14, Where do plants get the food

they need?
15, Why did the plants in the dark die

and those in the 11ght Tive when

both had the same s0i1?

Invention Phase of the Learning Cycle

o o Plaiits tse grergy fran Plats s Mgt £
16, Can you explain the resilts using light to make food make food out of

the dea of photosynthesis? from water and air,  watar and air,. ;

[:f{\(:l*l | 1:8

Aruitoxt provided by Eic:



TABLE 1 (Continued)

SUMMARY OF THE STRATEGY FOR CHAPTERS 3-8 OF SCITS COMMINLTIES

Niticipated Strategy Elenests Intended fles
Preconceptions Frantng Qiestion Eipifical Reslts  Presented (nfornation Conceptions

Discovery Phase of Learning Cycle

Chapter 6: Cotyledois

17, What do you think will

happen to yourg bean

plants with and without

cotyledons placed in the

light and dark, respectively?

Explain your reasons; S
Bean plants without coty-
ledons grow in 1ight; but
die in the dark

Bean plants with cctyledons
continue to graw fn Tight,
but stop growing in dark
after the cotyledons shrivel
and fall off,

18: Which grew Bétter--plaits
with or #ithit coty) ados?
19, Hon well did plants withoat
cotyledons grow in the dark?

20, What do you think the coty= The cotyledon pro-
ledons do for a young plant? vides food for young
o plants, After the
21, When do plants need light? food from the coty-
o Tedon {s gone,
17 plants need 11ght to
‘: make their food;
ERIC o m
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growth of bean seedlings with cotyledons removed and left on under conditions
of light and darkness, respectively.

Student tééfﬁihéuRéSﬁ1ts

The major goal of the instructional sequence investigatéd is to challenge
the anticipated students' prior belief that plants get food from the soil and
develop the alternative conception that plants make their food and reguire
light to do so. This conception is to serve as a foundation for the concept
of a biological community and plants' unique role as “"producers"--organisms
which use light to me%e food that ultimately supports all of the other
organisms (knott; et al:, 1978).
of food and the role of light in plant growth were obtained using a test
developed and used in a related study (Roth; Smith and Anderson; 1983): In
on a larger sample in the earlier study. As reflected in Table 2; there was
some movement toward the goal conception of plants source of food. However,
only one student appeared to have completed the intended changes:

As anticipated in the SCIIS teacher's guide (Knott; et al.; 1978), most
of the students consistently asserted on the pretest that plants take in food
from the soil,; water and/or air in their surroundings (Table 2). Many of the
stiidents were initially uncertain about the issue of plants making food. The
few (3) who consistently asserted on the pretest that plants do make food did
not relate this source of food to light (Table 3). On the posttest, nearly

half of the students still consistently asserted that plants take in food
(Table 2). A1l but one nf the rest reflected uncertainty on this fssue.
While about half of the students consistently assertad that plants iake food,

only three related this to the presence of light (Table 3).

frond |
e X
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TABLE 2
CHANGES IN STUDENTS CONCEPTIONS .
OF THE SOURCE OF FOOD FOR PLANTS®
Pretest Posttest

Take in Focd Take in food

, ~ do _ Row , do Row
do ? not Totals do ? not Totals

donot 5 0 0 5 donot [ 2 3 0 5

13

Make: food
-~
D
£
[as)

Make: food
-~
£
N
(e}
[0)]

do 3 0 0 3 do 4 5 1 10

Col. totals 17 T 0 21 Col. totals 10 10 | 21

*The intended learning is reflected in movement of students from the upper

left to the Tower right in the table: Data are the numbers of students.
Based on proposition scores I and M.

-

These data indicate that by=-and-large the instruction failed to bring
about the intended changes in students' conceptions of the source of food for
plants. However, the results also indicate that many of the students did not
understand an important empirical relationship on which the instructional
the dark "died" while those in the light "turned green and grew," despite the
fact that "the soil was the same in every cup" (Knott, et al., 1978, p: 23):

his result is intended as the major challenge to the students' preconception

=
n

plants get their food from the soil. The posttest indicated, however,

ot

ha

ot

that this result was not apparent to many of the students.
On the posttest; only about half of the students consistently asserted

that plants would continue to grow only if they had access to 1ight (Table 4).

20




TABLE 3
STUDENT CONCEPTIONS OF THE RELATION OF LIGHT TO PLANTS MAKING FOOD*

Pasttest
f_ %

Pretes

-ty

1 5

t
%
1. Plants make food using light; air; water 0
.

(=} O

2. Plants make food only in the light 2 10
3. Plants make food in light and dark 1 5 2 10
4. Plants make food only in the dark or 2 10 5 24

unsure about relation to light

Plants do not make food 5 24 5 24

(4]
.

Uncertain whether plants make food 13 62 6 29

[o}]
.

*Based on proposition scores I. LA, LB, K1 and K3:

rABLE 4
STUDENT CONCEPTIONS OF THE RELATIONSHIP BETWEEN LIGHT AND PLANT GROWTA*
pretest Pasttest
f % f %

Plants begin to grow in light or dark but 2 10 11 52

continue to grow only in Tight
Plants grow only in 1ight 12 57 0 0
Plants grow in light or dark but are 0 0 2 10
shorter/less healthy/not green in the
dark
Plants grow in 1ight or dark 1 5 3 19
Uncertain/inconsistent responses 6 29 4 19




Nearly half apparently ended up either believing that plants do not need light
to surviv: or uncertain about this relationship. The sources and consequences

of this ambiguity are central issues in the analysis reported in the next

section.

Analysis of Actual .Instruction: Some Ways of Go.ng Wrong

As stated in the introduction; the limited attainment of the intended
learning goals despite the apparent reasonableness of the SCIIS strategy led
us to examine the issue of what went wrong. A previous study found that
teachers often omitted critical elements of the instructional strategy (Smith
and Anderson, 1983a: Smith and Anderson; 1983b). However, this was not so in

he present case. Thus, our analysis focused on the way in which the strategy

P

In this section we document and describe four aspects of instruction
which help explain the disappointing learning results ‘n the present study:
sues, and inadequcy in formulation of the preconception that the instruction-
al strategy is designed to attack.

Em .,’-f’]' :g'”lfif'ifl -

As noted above the problems in student learning were not limited to the

plant growth. Many students also reflected misconceptions or uncertainty
The instructional stratedy depends on certain empirical generalizations.
For example, Chapter 4 addresses the issiue of the functions of parts of seeds

and involves an experiment in which Students attempt to germinate four differ-

22



Whole seed Cotyledon Embryo Cotyledon with
alone alone embryo

¢

NO GROWTH NO GROWTH

Figure 1. Tiie four conditions for the experiment in Chapter 4 and the
anticipated resul”’ ..

lated embryos nor the isolated cotyledons grow, while the embryos with one
cotyledon attached and the whole seeds do grow as illustrated: Fronm ‘he
sults. However, making the intended empirical generalization was not a
straightforward matter for many of the students

(1982) refer to as the students' conceptual ecology, namely their implicit
measurement and observation theories. First, some of the studerits attended
plicit assumption seems to have been that one case is sufficient and agreenent

among multiple instances is irrelevant: Thus; atypical results obtained by

23

18




some groups were sometimes gen:ralized even when the trend across groups was
clearly in the opposite direction.

For example; in some instances the whole seeds did not germinate. The
following ercerpt from an interview of one of the target students follewing
completion of Chapter 4 illustrates:

I: What did you think about the whole seed?

S: 0.Ks; it went to 18 millimeters, and 19, 19, 20, 20. I don't know

whet happened: Well, the whole seed has everything right but it
just didn't grow that much.

1: Do you think that some other whole seeds would grow or don't you
think that any of the whole seeds grow?

§: I think that maybe soiie of them would. I don't know.

S: 1 don't think so...
This is surprising because; as she implied, this results is somewhat counter
intuitive: Furthermore, she had just correctly explained the meaning of
points on the class chiart which had color coded dots showing that some of the
whole seeds had indeed grown substantially. Apparantly; she had not felt it
necessary or important to consider the other groups' results. Another iadica=
tion of this assumption was student§ referring to atypical individual points
on the class graph, rather than to some more central or representative point.
A second aspect of students' implicit observation theoi jes that came into
play was judging the significance of differences in the measurements. How
much change in the length of the isolated embryo, for example, constitutes
“growth:" Some of these embryos did grow a few millimeters in length. In
comparison to those attached to the cotyledons, however, this growth would
generally be considered by our trained adults as negligible: On several oc-
casions, however, students apparently did not apply the negligibility prin=

ciple and reported that their isolated embryos "grew."
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Some of these problems might have been overcome had the teacher put more
emphasis on the class graph: That is; she might have pressed the students
toward an alternative observation thecry. However, the somewhat cumbersome
procedure suggested for estimating, recording and connecting average points
for each observation of each experimental condition was carried out for only
somé of the data. The combination of the relatively large amount of time and
sffort involved and the apparent greater meaningfulness to the students of
sctual example ge~mination systems led her to deemphasize use of the class
graph: Given the nature of the students' implicit observation theories, this
appears to have contributed to the students continuing to use their original
observation theories and the resulting ambiguity of the students' thinking
concerning the empirical results.

The problem of ambiguity in the empirical results is even more serious in
Chapters 5 and 6 where the issue is the role of 1ight in plant growth. The
stragety (sée Table 1) depends on the generalization that plants continue to
growing and die; while plants kept in the 1ight continue to live and grow.

The data indicate, however, that student opinion moved in the opposite direc-
Part of the ambiguity lay in the results actually obtained. In the
instruction for Chapter 5, the grass kept in the dark was initially yellow and
tended to get lighter in Color as the experiment progressed: The blades were

also thinner and less erect than that in the light. However; the grass in
the dark grew taller than that in the light and during the experiment did not
In addition to the lack of more extreme symptoms of the eminent demise of

the grass in the dark, only three of the ten samples of grass were actually



1eft in the dark diring the entire investigation: As suggested in the
teacher's guide; others were moved from the dark to the 1ight and from the

1ight to the darks The symptoms of these plants were even less extreme. The
tendency noted above of students to attend primarily to their own individual
base for the students. Thus; for most of the students the salient observa-
tions were the more rapid growth of the grass in the dark and the clear dif-
ferances in color. These observations were consistent with a view that light
was needed only for good color or health and several students made analogies
with humans getting suntans and being healthier if they got sun.
As with €hapter 4; the ambiguity in the actual results in Chapter 5 was
exacerbated by ambiguity in discussions and @ degree of looseness in the fram-
ing of these issues. Of particular significance was the issue of the plants'

survival. This will be considered in the subsequent sections.

Ambiguity in Discourse

The ambiguity just discussed in regard to empirical results may tend to
arise to some degree in any instruction which relies on first hand inquiry:
However, systematic ambiguity can also occur in classroom discourse. In the
present case, such ambiguity exacerbated the empirical ambiguities described
above.

The ambiguity in discussion of Chapter 4 arose from the possible alterna-
tive referents for the terins 'embryo' and 'cotyledon.' The issue underlying
the investigation was the function of the embryo and cotyledon as parts of a
seed. However, the experiment was set up with an isolated embryo and an iso-
lated cotyledon as well as combinations of these parts (see Figure 1). Thus,

the question, "Does the embryo grow?" is ambiguous: While the isolated
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embryos did not grow, the embryos as parts attached to cotyledons did grow.
there were many opportunities for confusion during class discussions.
Similarly, an important observation made by one of the students and
emiphasized by the teacher was that the cotyledon (part) was shriveling or
shrinking as the attached embryo grew. This was very suggestive of the coty-
ledon somehow being used up. However, some of the students interpreted these

reports as referring to the isolated cotyledons (condition) and tended to dis-
agree: In the process they did not attend to and have the benefit of this im-

‘grow.' The question, "Do plants need light to grow?" 1is ambiguous unless
the time period or stage of development of the plant is specified. While
initial growth of seeds can take place without light; continued growth and
The teacher perceived the inherent ambiguity and attempted to resolve it.
However; rather than making the time period explicit in each case the teacher
adopted a convention of using the term 'grow’ to refer to beginning growth or
germination and the term 'survival' to refer to continued growth. For ex-

59 David: It's (1ight) not unimportant but you (plants) don't have
60 Ms. Kain: 1 think we did decide that we {plants) don't have to have
1ight to grow, but we're talking about surviving, aren't

we.

The teacher reflected the stipulated use of the term ‘grow' here and again




70 Ms. Kain: Yeah, we know that, don't we. The ones in the dark will
grow.

But, as indicated in the following response of a student who appears to

'grow' does not always conforin to this stipulation:

78 Julie: (Reading her answer to the question about seeds in a dark mine
from her student manual) No.

The seeds will grow at first

but, uniess it gets some light, it won't grow.

Thus,; despite the teacher's effort the ambiguity remained and may even have
been increased by the unusual restriction in meaning of a common word. It is
clear how this may well have contributed to student misconceptions or uncer-

Loose Framing of Important Issues

Many steps in the instructional strategy take the form of questions as
reflected in Table 1. In a number of instances we observed problems that
could have been lessened by more appropriate use of questions in framing the
difficulty relating the empirical results of the investigation to the issue of
the function of the seed parts. While part of the problem was probably the

Uncertainty of the students concerning the empirical results discussed
another factor was the pattern of questions used to frame the investigation
and the interpretation of results.

the students' ideas about the seed part functions. However, it includes no

question requiring the Students to use those ideas in predicting what might

happen in the germination experiment: In actual instruction; no question



Which would driye Students’ thinking to consiger the relationship betysen the
results and the Students' jdess about the seeq Parts functions was posed prigr
to the last tyo of the sjx lessons for Chapter 4.

terms of which it was fremed appeared to ba inadequate. THg teacher asked the

Students what they thought the Parts' functiong were and for "evidence" tq

SUPPOrt their yigys. However; fewar than a quarter gf the twanty=six re.

Given the nature of the students? Preconceptions aboit what constitutes

evidence, a questigr which more tightly strictured the students’ thinking

failure to hoig the students to thg requirements they imp1y,



For example, Question 8 (Why are the plants in the dark growing so well?)
is to be posed after the students have observed the initial growth of plants
in both 1ight and dark. When the discussion of the results began in the third
lesson (5.3), Ms. Kain simply Zsked the students for their "observations and
Why?" As shown in Table 5, responses to this form of tie question focused

Ms. Kain finally framed the issue very tightly:

"What do you attribute the growth to? How is it that they are growing,

particularly in the dark? ... Why?"
This alicited among others two very different responses. They referred to
some mechanism which would account for the observed growth in the dark. One
of these referred to the seed and the cotyledon helping the grass grow. This
is ai instaice of the intended appiication of an idea from the previous chap-
ter to explain a new result: The second response offering a mechanism re=
ferred to the soil as part of the mechanism: Thus; this formulation of the
question alsa served to expose the preconception the strategy was designed to
attack.
functions:

. It focuses attention on a specific aspect of the result.

- It drives student thinking to consider mechanisms which might

account for the observations:

- It brings out two specific mechanisms, one based on anticipated

student preconcepti
science concept.

ons and one based on a previously developed



Type of Response

Siggests mechanisn
accouting for growth

Cites uiicontil1ad variable
to_explain differences
between Tight and dark

Reports observation or
prediction of differences
only (ne explanation)

States that 5/ does ot
know why

Ot e

Totals

TABLE §
 STUDENT RESPONSES RELEVANT T0 QUESTION 8:
CHPLANATIONS OF EARLY GRORTH OF PLANTS IN THE DARK'

Forn of Question

My growing fn
Hhy “ones fn dart’ dar
are “growing better" (5:3)

f f

"Observations
and why?"
f

bhy growing in

dark
(5:4)
f

f

Total

0 0 2

“iased on narnatives for task 3 of Tessan 5:3 and task 3 of Tesson 5.d

]

5

2l

9

0

13

2

4 100
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It was only when Ms. Kain pressed the students to account for the growth and
focused attention away from the comparison between tire grass in the light and

Even better results were obtained in the néxt lesson (5.4) when Ms, Kain
posed the question as suggested and insisted that the students "“stick to the
question" and address the issue of “Why?" (Table 5). Three different students
proposed mechanisms to account for growth in the dark and two more stated
explicitly that they didn't know why. Thus, five of the eight responses
diféétiy addressed the intended issue:

Dur analysis indicates that inadequate framing of another 1§si€ con-
tributed to a major problem in student learning. As stated in the results
section above, many of the students did not develop the intended understanding
of the empirical relation between 1ight and plant growth. Khile the students

tinue growing or uncertain about this relationship. Central to this problem

As argued above, in the actual instruction the students' results for the
grass experiment of Chapter 5 were ambiguous with respect to survival. It was
further argued that this ambiguity was compounded by the students' tendency to
focus on their own set up rather than the total array of results and by sys-
tematic ambiguity in the use of the term “grow." Another important factor
contributing to this problem was that the issue of survival of plants in the
dark was not emphasized in class discussions.

The instructional strategy as represented in Table 1 implies that the



experiment with grass in Chapter 5. This issue is raised explicitly in

posing of questions 9 and 15.

Our analysis indicates that the issue of survival was not emphasized in
the actual instruction conducted by Ms: Kain; She did pose question 9 during
lesson 5.4. Five students responded. Dne student explained:

"The sunlight is what gives the plant the green...They'l] both

them."

Three students supported their opinion that the plants in the dark would die
or not keep growing with the essentially circular argument that plants need
(10), shifting attention to the color of the grass.

Although students occassionally expressed opinions about it, Ms. Kain
never again explicitly raised the issue of survival in discussing the results
of Chapter 5. For example, in the final discussion of the results for Chapter
5 (question 11), one student included looking "more alive" and looking "dead"
as descriptions of plants in the 1ight and dark; respectively. Ms. Kain in-
cluded these among the descriptors she listed on the board. However, in sum-
marizing as she posed the next question (12), she stated that the students
were "saying that light seems to be important for a healthy plant" (éﬁﬁﬁé§i§
ours): None of the six responses to question 12--What does light do for
plants?--referred to the plants living or dying. Five made reference to the

color. Three made analogies to the role of sunlight for humans:

(4}



idea that plants get food from the soil:
Question 15: Why did the plants in the dark die and those in the light

live when both had the same soil?

from the soil, Ms. Kain attempted to pose the question. She pointed out how

the plants had the “same kind of soil® and "both had water;" and then added:

“But this one (a sample from the dark) did not really grow. We're

really saying it's on its way down, its' _dying or dead. Okay? If
some of you had been thinking about the food coming from the soil,
why; how can that be? Do you have an explanation for that?"

When she did not get any response, she explained the question again. This
time, however; she concluded with; "Why isn't this one doing very well?" She

obtained referred to or attempted to account for plants dying in the dark or
continuing to live in the light.

Because the issue of survival was not exphasized in Ms. Kain's framing of
discussions; the students were not pressed to think about it and had no reason
to consider it the major issue. This together with the other factors dis-
cussed above help to explain the problem students had in developing the in-
tended understanding of the empirical relation between 1ight and plant growth:
Since this relation is the basis for the major challenge to the students' pre-
conceptions in question 15, it is not surprising that the challenge fell flat:
The 1noseness in the posing of this key question and the failure to hold the
students to the requirements it implies further help explain this result.

Our analysis indicates that the selection of questions is a very crucial
aspect of an instructional strategy. In some cases there appeared to be im-
portant gaps in the strategy or questions which were not adequate to the situ-

ation. In other instances the teacher did not use questions provided in the



to the requirements it implied: In several cases the teacher fdiiéﬂ to
rétéghiié when student responses indicated predictable alternative conceptions
on the part of the student. Such conceptions include the students' implicit
observation theories and explanatory ideals, elements of what Strike and

Posner refer to as the students' “conceptual ecology” (1982).

The SCIS instrictional strategy anticipates that students will hold a
preconception concerning the source of food for plants, namely that plants get
their food from the soil in the form of water and fertilizer or minerals.

This is the preconception attacked by the instructional strategy. The point

of exploring the functions of the parts of the seed in Chapter 4 is primarily
to provide an alternative conception of the source and nature of fdéd fdf
young plants, namely, the part of the seéed referred to as the cotyledon. The

point is made that bean seeds in Chapter 4 were germinated without soil and

there is an optional activity of growing seeds without soil. Finally; the key

discrepant event built into the sequence is the determination in Chapter 5

that grass plants survive in the 1ight but not in the dark, even though both

conditions had the same soil. The inability of the soil to sustain plant

growth in the absence of 1ight is intended to undermine the preconception of
soil as the source of food, preparing the students for the invention of photo-
synthesis:

As anticipated in the strategy, all but one student assertad on the pre-
test chat fertilizer or water were food for plants. However; on the posttest

all but two of the students still included soil or fertilizer along with air,
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water and 1ight as food for plants (15) or indicated uncertainty (4) on at

least one of the two relevant questions. While many of these students (13)

While the idea that plants get their food from the soil was common among
students in the study; this does not seem to be the core of their preconcep-
tion: The central preconception also seems to be deeper than the idea that
water and fertilizer or minerals are food for plants. As discussed by Roth
(Roth; et al., 1983), food for plants is conceived by the students as whatever
materials are needed and taken in by the plants. Furthermore, their notion of
food is additive. If the plants are unable to get certain materials from the
s0il, other materials such as air and even 1ight may be considered as adequate
alternatives.

This preconception of food for plants tended to promote what Hewson

(1980) calls “"conceptual capture" of the new ideas encountered by the stu-
dents. Given the additive conception of food for plants as whatever materials
the plants take in; the students could simply add the cotyledor as another

source of food rather than as an alternative to what constitiutes food. Some
of the students saw the cotyledon as an "extra" source of water or fertilizer:

Another consequence of this underlying conception of food for plants was

that the students could easily escape the trap represented by the intended
discrepant event. Light could simply be added as an essential component of
plants' food. . This preconception also tended to promote conceptual captire of
the concept of photosynthesis when it was inventeds Several (6) students
viewed the food plants made as simply another additional source. Photosyn-
thesis was assimilated by at least some students as a process in which light,

water and air were mixed togetrer but each substance maintained its own



identity. Other students interpreted photosynthesis as the name for this
mixture. Asked in Chapter & why she thought the bean plants in the dark would
air and that “two out of three isn't bad."

Few students came to understand photosynthesis as a process in which food
is made out of lignt, water; and air: Even fewer students understood that

tant, it sheds new 1ight on some of the reasons for that difficulty. The
instructional sequence was based on a model or generic strategy for conceptual
change which seemed well conceived and the specific instructional strategy

appeared consistent with it. The teacher had the benefit of a revised guide

the teacher was successfully implementing it. Indeed, our analysis revealed
many examples of excellent teaching. However; the limited success of the in-
struction in bringing about the intended changes in stiudent conceptions led us
to ook for ways in which instruction went wrong.

struction repeatedly seemed problematic. These included:

- Students were often uncertain about empirical generalizations important
to the strategy.

32
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- Communication was sometimes hampered by systematic sources of
ambiguity.

- Some important issues were not adeguataly framed through the use of

appropriate questions.

- The instriction was in some ways attaching the wrong preconception.

The problems we have illustrated indicate that matching instruction to
the conceptual ecology of the students is both essential and difficult:
Students' explanatory tendencies, implicit observation theories and preconcep-
tions of specific topics need to be given more attention by researchers; cir-
riculum developers; teacher educators and teachers. Curriculum developers

must be aware of predictable alternative conceptions, identify appropriate
questions and other moves accordingly, and empirically assess the effects of
strategy elements on students. Teachers must also be aware of the alternative
conceptions and the intended roles of specific questions so that they can
recognize indications of students' alternative conceptions and respond appro-
priately. Awareness of likely ways of going wrong may help reduce the kinds
of problems observed in this study.

The heavy information processing load that this role places on the teach-
er suggests the importance of incorporating siich information into instruction-
al materials: This is not to make the materials teacher proof but rather
teachable. Given the best of strategies, the teacher plays a crucial role in
the diagnostic use of appropriate questions, in the interpreting of students’
responses and taking appropriate actions. In our own werk we are exploring
the use of text materials (Rcth, Anderson and Smith, 1983) and overhead trans-

ing cycle or the underlying view of conceptual change it reflects. The value

2



of a generic strategy such as the SCIIS learning cycle or Nussbaum and

Novick's lies in its prescriptive power:. To the degree that it is consistent

with the real world of teaching and learning, its use in developing curriculum

intended. While particular strategies might be developed and assessed inde-
pendently of any explicit generic strategy, the generalizability of such ef-
forts is limited.

While a generic strategy must be sound if its use is to result in effec-
tive instruction, a sound generic strategy is not sufficient. A particular

fidelity, the particular strategy or instruction may be inadequate in ways
that have nothing to do with the adequacy of the generic strategy itself. The
examples presented in this paper reflect all four of these possibilities: The
models of Strike and Posner (1982) and Hewson (iggij helped identify and in-
terpret these examples and point to other aspects of stiidents conceptual
ecology which might be problematic.

In their conclusions, Nussbaum and Novick, (1982a) state:

In our opinion; the state of the art in cognitive education does not

at present offer a widely accepted theory base which could easily
facilitate the design of instruction for_learning many basic con-
ceptual schemes in school science. p. 20.

While problems such as those described above may not have occurred in their

study, it is important to consider other levels of going wrong in assessing a
generic strategy and its theory base. Such an assessment should probably be
based on productivity over tiie rather than on the success or failure of a

single attempt to apply it. While we would not dispute Nussbaum and Novick's
statement, we do think that the currently available theory base does provide

an important foundation for ongoing development and research.






Nussbaum and Novick (Ibid.) conclude with the following recommendation
with which we heartily concur:

That the growing community of practitioners who are 1noking at

SAF's (Student Alternative Frameworks), extend their studies in

More specifically, research and development on instructional sequences for
particular topics snould seek understanding of the nature of the students'

prior knowledde and the effects of the instructional sequence on student
behavior and learning. These efforts should address the problems identified
with the goal of developing pedogogical knowledge sufficient for reliable

achievament of the desired changes in student conceptions.

HA
Jrms |
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