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Conceptual Change Learning
and Student Processing of Science Texts

Overview of the Study

In order to exp.~:- why students have difficulty learning from science
textbooks, this study i, .tigated how middle school students use textbooks
and how students' thinking about one science concept, photosynthesis, was
influenced by the reading of three different science texts. One of the texts
used in the study was an experimental .ne written to challenge and change
students' common misconceptions about how plants get their food. The other
two texts were commercially available texts covering the sam2 content as the
experimental text.

The study used daily interviews to trace the thinking of a small group of
students (18) as they read one text chapter over a 3-day period. This
approach provided detailed information about the cognitive lives of students
during textbook reading that has important implications for understanding
learning processes, for teaching, and for textbook development.

A unique featur: of this study is the exploration of co eptual change
learning from text. How this type of learning is different from the kind of
learning typically assessed in studies of reading comprehension is described

in the next section.

Conceptual Change Learning vs. Comprehension

I: What is photosynthesis?

Kevin: Well, in the leaves, in the green plants, zhey have little
chloroplasts which inside that have chlorephyll. When the
sun shiines on it does photosynthesis wn:~i. changes, well it
doesn't really change, but the plant b.s ciitain chemicals
that change the sunlight. . . Well, they have certain




chemicals that the sunlight changes into food which is
energy for the plant.

This eighth grade student read a text chapter about photosynthecis and
than gave this explanation of the process. Has he successfully learred about
photosynthesis? Most teachers would be satisfied that he had. That he was
able to put the definition given in the text into his own words certainly
suggests that he has processed and made sense of the concept.

However, this student was also asked a different, but closely related
question:

I: How does this plant get its food? (Interviewer points io a
plant on the table).

Kevin: Well, which food?
I: You tell me.
Kevin: It gets minerals from the soil and water from the soil. It
gets sunlight from the sun. It gets. . . that's about it.
Besides carbon dioxide in the air.
If Kevin really understood what the text had been saying about photosynthesis,
he would have answerea the question by explaining that plants get their food
by making it during the process of photosynthesis. Instead of talking about
photosynthesis, however, he inaccurately made reference to a number of

external sources of food for plants. These ideas were detinitely not in the

text — where did they come from?

Usiug resgearch on science learning to understand Kevin's learning

difficulties. Recent research from studies of science learning have shcwn
that before childrer study science in school, they have already constructed
their own "theories” to explain phenomena. These naive theories, or

misconceptinns, play a crucial role in students' understanding of the world




(Erickson, 1979; Nussbaum & Novak, 1976; Shayer & Wylam, 1981). These

misconceptions are based on children's sensory experiences, on everyday
language, and on prior school learning. They are difficult for children to
relinquish, even after jnstruction (Champagne & Klopfer, 1980; LeBoutet
Barrell, 1976). 1In a study of student learning after activity-based
instruction about photosynthesis, for example, only 11X of 220 fifth graders
ended an 8-week unit of experiments and discussions understanding that plants
get their food by making it. Instead, like Kevin, they continued to cling tc
the incorrect notions that they held prior to instruction - that plants take
in their food from outside sources and that plants have multf{ple sources of
food (Roth, Smith, and Anderson, 1983).

For students entering instcuction holding these alternative theories, .
meauingful learning will not resuit if new knowledge is simply added into
memory. According to schema theory, meaningful learning cannot occur unless
new knowledge is appropriately linked to prior knowledge. But students like
Kevin are faced with a tremendous task in making these links appropriately
They must first recegnize that the new concept, in this case photosynthesis,
is related to notions they hold about plants and plants' need for food. They
must link new information rot only to prior knowledge that is consistent with

the scientific notions but also to incompatible prior knowledge. Then they

must realize that their own notions are at least partially in conflict with
the scientific explanation. They must also come to recognize that their own
ideas are faulty or incomplete, and they must be made aware that the
scientific explanation provides a more convincing and powerful alternative to

their own notions.




Thus, learning for these students is not simply a matter of linking new

ideas tc already existing prior knowledge, or schema. In addition to linking,

or assimilating, new ideas to cld, these students have to change their .1d

beliefs.

For this reason, Posner et al. (1982) have called this kind of

learning conceptual change.

This kind of learning demands more than the kind of comprehension usually

assessed on standardized or teacher-made tests. Kevin, for example, could

answer the questio., "What is photosynthesis?” Thus, he comprehended the text

explanation of photosyntesis. However, he did not change his personzl,

incorrect theories about how plants get their food.

Is it possible for more students to experience meaningful conceptuzl

change learning or must such learning come only with much greater maturity and

only to the elite few who seem more naturally inclined toward scientific ways

of thinking? 1In order to improve sc.ence instruction so that this difficult

conceptual change learning is possible for more students, Posner et al. (1982)

have proposed a model for conceptual change instruction. They suggest four

conditions that must be fulfilled if students are likely to make changes in

their central concepts:

1.

There must be dissatisfaction with existing conceptions.

Students must be aware of their own conceptions and recog :
the dissonance between their own ideas and those shared by the
scientific community.

A new conception must be intelligible. The student must know

what the idea means and be able to construct a representation of
it. This does not mean the student must believe it to be true
or related to the real world.

A new conception hLas to be initially plausible. The student

must find the new conception to be potentially true and
believable, consistent with his or her existing view of the
world. That is, the student must be able to reconcile the new
conception with his or her pricr conceptions.




4. A new conception has to be fruitful. If a student is going to

incorporate a new conception into his or her schema at the
expense of a very comfortable, long-held misconception, there
has to be a convincing reason. Thus, the new conception has to
be shown to be more useful than the old conception. A new
conception can be viewed as fruitful it if can solve a
previously unsolved problem, if it suggests new ideas, or if it
gives better explanatory and predictive power than was
previously possible. )

The text Kevin read did not help Kevin fulfill Posner's four
conditions. Like most science textbooks it focused only on making the
concept of photosynthesis intelligible. The text did not help him
recognize that the new concept was in conflict with his prior notions.
As a result, Kevin never saw the need to reconcile the new information
with his prior assumptions that plant3 get food from the soil and other
sources. Since Kevin did not understand that photosynthesis is the
plant's only source of food, it is doubtful he would be able to apply
this idea to understand other key biological concepts such as the unique
role plants play as food preducers in ecosystems.

Many studies of reading comprehension have shown how rich prior knowledge
(or schemata) facilitates and makes possible learning from text (Anderson,
R.C., 1977; Bransford & McCarrell, 1973; Anderson, Spiro & Anderson, 1978;
Meyer, 1984; Frederikson, 1975; Pearson, Hanson, & Gordon, 1970). These
studies have focused, however, on prior knowledge that is rich snd compatible
with the text content. What about students like Kevin who have "rich"” prior
knowledge that conflicts with the text content? A few studies have explored
how schema-driven interpretations of text can have costs as well as benefits
in learning from text (Thorndyke and Hayes-Roth, 1979). In this vein, Spiro
(1979), Maria and MacGinitie (1982), and Lipson (1983), have shown that prior

knowledge can interfere with comprehension of text. It seems reasonable that




this is what happened to Kevin. However, the reading research has not
explored learning from text in a way that explains why Kevin could comprehend
the text explanation of photosynthesis without learning that this explanation
is about how real~world plants get their food.

Schema-based reading research, including the studies on incompatible
prior knowledge, has focused on understanding how the reader's pricr knowledge
shapes the interpretation of text In a one-way view:

Reader's Schema ———) Text

These researchers have been interested in readers' comprehension of text,
but they bave not looked at conceptual change learning from text. In order to
understand whether and how students develop meaningful conceptual change
iearning from text, it is necessary to also look at the reverse direction:

How does the text change a student's existing schemata?:

Reader's schema = » text

.

This study extends the reading research done to dete by investigating this

critical question.

Research Questions

What does it take for students to undergo conceptual change learning from
reading science text? What would have helped Kevin recognize the dissonance
petween his two answers quoted above? Why do sc many students fail to undergo
conceptual change learning from text? It is the hypothesis of this study that
an experimental text that explicitly addresses students' common misconceptions
and that is structured to help students fulfill Posner's four conditions would

be more successful in helping students undergo conceptual change learning than




traditional science texts that focus only on making new counceptions

iatelligible.

The overall objective of this study was to explore students' cognitive
processing of three different textbooks, all covering the concept of
photosynthesis, in order to identify both the effective and ‘~effective
strategies students used to process texts and to identify the features of text
that influenced stadente' selection of a text-processing strategy. The
specific research objectives were:

1. To identify the ccgnitive rea.ing strategics used by 18 middle
school students while reading a chapter about photosynthesis in
one of twn traditional science texts or in an experimental text
designed to address students' misconceptions.

2. To compare the way content organization ir the two traditiomal
texts and in the eaperimental text influenced students' strategy
selection.

3. To compare the effectiveness of the two traditional texts and

the experimental text in terms of students' conceptual change
learning.

Methods

Procedures

The study focused on student processing of sustained passages of three
different student texts, each about 20 pages, or 3400 words, in length. The
study did not include any teacher instruction. Thils permitted comparisons
between student processing of the experimental -ext to student processiug of
traditional texts without the confounding variables of the classroom.

To study the ability of the text to induce significant conceptual changes

in students and to maintain some context validity, each student read one

complete text chapter over three days. In this way, students were able to




read one text over a period of time similar to what whould be typical in
classroom situations. A stratified random sampling procedure was used to
assign 18 middle school students to groups (n= 6 for each text) so that each
group ccnsisted of students reading above, at, and below grade level according
to Metropolitan achievement test results.

Interviews. Each day the student read a section of the assigned text and
was interviewed immediately afterwards. Interview protocols were designed to
trace what students were thinking as they read the texts. Two parts of
students' thinking were of particular interecst: What strategies did students
use to make sense of the text? How did students' ideas about photosynthesis
and food for plants change after each days reading? Theinterviews were
designed to reveal how characteristics of the texts and how characteristics of
studenta' prior knowledge werz causing students' notions about photosynthesis
and food for plants to change. To address these questions and objectives, the
interview protocoi ccmbined questioning strategies typically used by reading
researchers studying students' comprehersion and strategies used by
researchers studying students' conceptions of science topics. There were
three basic parts to each interview, with each part representing a different
approach to exploring student thinking.

The first section of the intarview asked the students to recall whatever
they could remember having read abiut in the text that day. After the recall,
students were asked to give one or tvo main idea statements about the text.
The second part of the interview had & clinical interview format. Thia series
of questions was designed to explore how students' real-world thinking was
being influenced by the text. Thus, while the first part of the interview wes

very text-based, in this section of the interview students were encouraged to
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use both text knowledge and personal, experiential knowledge. The last

section of the interview focused on understanding how students used tle texts.
A variety of questions were designed to stimvlate students' recall of what
strategies they used while reading the text. For example, the interviewer
went back over the questions posed in each text and asked studeats how they
had arrived at their answers to them. The purpuse of thie was to stimulate
students' memory of how they used text/prior knowledge to answer the questions
and what 3strategies they used to answer them.

Interviews were audio-recorded and later transcribed.

Pre- and Posttests. Pretests were given two weeks prlor to the study to

assess prior knowledge, and identical posttests were given the day after the
last reading session. The test elicited information about students’'
misconceptions as well as information about the goal éoncepts in each of the
texts. In addition, it contained multiple items exploring the same concept.
These items were in a variety of formats -- true/false, multiple choice,
checklists, and open response questions requiring students to write out
answers. Some test items took a form commonly used in clinical interviews:
students were asked to make a choice or prediction, then to explain or justify
their choice.

The research design i1s summarized in Figure 1.

figure 1

Materials

Experimental Text. 1In designing a text to address students'

misconceptions about food for plants (Roth, 1985), two sources of information
not normally available to textbook writers were used:
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1. A detatled knowledge of middle grade stiudew.ts' misconceptions
about photosynthesis and food for plants (Roth, Smith, and
Anderson, 1983).

2. A documentation of difficulties encountered by students
receiving iustruction about photosynthesis from the Science
Curriculum Imp-ovement Study (SCIIS) curriculum (Smith, 1983;
Smith & Andeirson, 1984; Anderson & Smith, 1983c; Roth, Smith &
Anderson, 1983).

The text incorporates the experimenrts used in SCIIS curiculum unit (Knott
et al., 1973), but these experiments are framed with Posner's model of
conceptual change instruction. Thus the text first elicits students'
misconceptions by asking students to answer questions like, "How do you thirk
plants get their food?"™ or "How would you define food?” The text then
presents both experimental evidence and narrative text information to
challenge students' common misconceptions and to conviace them that certain
substances they commorly describe as food for plants are not food in a
scientific seuse. This sets students up to be ready to find the text
explanation of photosynthesis intelligible and plausible: If water, soil,
fertilizer, and sun are not food for plants, then what is?

Thus, only after all of the students' usual ways of describing food for
plants have been ruled out does the text provide an explanation of the
scientific concept of photosynthesis. Finally, the text provides reviews of
key concepts and numerous application questions that require students to apply
new concepts to a variety of situations Sn which they must contradict their
own misconceptions.

The experimental text was submitted to a content analysis to identify the
number and kinds of goal concepts that were presented and to document the

misconceptions that were addressed. This analysis provided a general overview

of the content coverage, a more detilled defini:cion of the relative emphasis
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given to different conceptions, and a description of the pattern of emphasis
thet students would encounte over the three days of realing. This analysis
{dentified the total number of idea units for each day's reading, the number
of idea units addressing the defined goal concepts each day, and the nuaber of
idea units addressing misconceptions each day.

Three readability formulae were used as a measure of vocabulary level and
sentence complexity of the experimental text. Using the SMOG (Mcl~ughlin,
1969), Pry (1977), and Raygor (1977) schemes, readablity scores reprezanting
appropriate grade levels for the text ~ere 9, 5, and 6, respectively.

Selection 0f two commercially available texts. A number of commercialiy

available science texts were submitted to the same content and readability
analyses as the experimental text. This information was used to select two
commercialiy available texts that matched the experimental text as closely as
possible in terms of coutent coverage and emphasis, readablity level, and

length. The two texts selected were Concepts in Science, Brown (Brandwein et

al., 1980) and Modern Science, Level Six (Smith, Blecha, and Pless, 1974).

Data Analysis Procedures

Identifying reading strategies. The data provided several sources of
information about each student's thinking. These were the written pre- and
posttests, the written answers to questions posed in the textbook, and the
students' responses to a number of different types of questions during the
three interviews.

In order to identify the strategies students used while reading, these
data sources were first analyzed to trace how each student's thinking about

food for plants had changed over the five day period. Next, comparisous
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betueen the text content each day and each student's recall were made. This
comparison permitted the identification of instances where the student a)
recalled text ideas accurately, b) distorted ideas in text, c) recalled ideas
that were nct in text at all, and d) failed to recall ideas from text.
Students' answers to other interview questions received a similar analysis in
an attempt to identify when a student was drawing from text information and
when a student was relying on prior knowladge.

Drawing from these analyses, hypotheses were made about student's reading
strategies. A case siudy of each student was written, and during this

process, the hypothesized strategies were supported and refined.

Identifying text features that infuenced strategy selection. Once ' 1e

students' reading strategies had been identified, it was possible to go back
to the data in order to explain how the content organization of each text
inrluenced students' selection of & strategy. Drawing from the data analysis
of individual case studies reported above, any evidence of similar patterns of
student thinking among students using a particular text were sought. If
students read'ng the same text were found to use similar strategies that were
different from studen’ iing another text, this would provide evidence that
text content organiz nsade a difference in students' strategy selection.
Comparisons were also made between students' strategy switches and the content
of the particular text in order to develop explanations for how the text may
have influenced students' strategy switches.

Comnaring the effectiveress of the three texts in terms of conceptual

change learning. The case study analysis provided descriptive evidence of how

students' thinking about photosynthesis and food for plants changed over a
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five day period. This qualitative analysis provided one souice of evidence of
differences in student learning among the three groups.
Additional information about student learning came from analysis of the

pre- and posttest data. Test data were used to generate descriptions of

students' beliefs rather than to produce summative scores of how much students
knew. The test data were anal: '2d to generate a series of conception scores
that reflected the strarth >f each student's belief in four goal conceptions
and four common misconceyzions. The conception scores were developed by using
an explicit series of algorithm~ to make inferences from the test about
students' belief systems. Bvidence from a number of test items was used to
generate each conception score, with some evidence being weighted more heavily
than others.

The conception scores were used to wake comparisons among the three
groups. For example, the percentage of students in each group who ended

instruction believing that plants take in their food could be compared.

Results and Discussion

Reading Strategies

Analysis of each student's complete data package focused first on
identification of the text processing strategies that students used. Definite
differences in text processing strategies were identified, and analysis of
these differences led to the difinition of six different strategies.

All of the strategies used by the students were described in terms of how
students drew from three different sources of knowledge: a) disciplinary (or
text) knowledge, b) real-world (or experiential) knowledge related to the

subject matter, and c) real-world knowledge about how to get along in school
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(schonl knowledge). Disciplinary knowledge is defined as the conceptually,

organized, forwal understanding of a discipline (such as biology). Since
disciplinary knowledges is what teachers and textbouks usually have as their
goal, “t will also be referred to as text knowledge. Real-wcrld knowledge, in
contrast, is commonsense knowledge accumulated over time in a non-analytical,
often nonverbal way. It makes sense to the individual in spite of its
inconsistencies, and it is used to spontaneously explain real-world events.
This type of experienti 1 knowledge is what science educators have studied as
naive theories, misconceptions, or incorrect prior knowledge. Meaningful
conceptual change learning occure when these first two worlds of knowledge are
appropriately integrated. However, another kind of real-world knowledge -
knowledge about how classrooms, textbooks, and schools work - can enable a
student to get by without developing meaningful understandings of disciplinary
knowledge. This school knowledge includes the facts, algorithms, or
strategies used to pass tests and perform adequately in school. Thus,
students have prior knowledge about the schooling process itself (about
teachers, textbooks, learning) that plays an important role in their
processing of sclence text.

The six differeat ways students drew from these three sources of
knowledge are described rext. These strategies are summarized in Table 1.

Full case studies of the strategies-in-use are available elsewhere (Roth,

1985).

Table 1 goes here
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1. Overreliance on prior knowledge in order to complete a school task.

Students using this strategy ‘nterpreted the text almost completely in terms
of their incorrect real-world knowledge about plants and food. When asked to
recall what the text said, for example, they frequently attributed the text
with having said things that were not in the text but came from their prior
krowledge. Although they reported the text made sense to them, these <tudents
appeared to avoid thinking about the text itself as much as possible. If they
could decode the words and get enough of the gist of the text to call up an
appropriate and well-developed real-world schema, the text "made sense.”

For example, Maria read a section of the Concepts in Science text that

used riilk as an example of how all foods can ultimately be traced back to
green plants, the food producers. Maria announced that "most of this stuff I
already knew,” and that thic wss the easiest section to understand. "It was
about milk."” When probed, she expanded her summary of the "cext”: "It's just
about milk... how we get our milk from cows.” She never picked up any notion
that plants make food. This is typical of her pattern of reading to find
familiar ideas, ignoring the rest of the text, and relying on prior knowledge
to £fi1l in the details.

The students using this strategy answered questions posed in the text by
thinking about their real-world knowledge about plants rather than using text
knowledge. Without thinking about plants' roles in producing food, for
example, Maria came up with the right answer to the following question by
thinking about her prior knowledge:

Question: All the foods we eat can be traced finally back to the

a) green plants
b) cows

15




Maria: Correctly picked "a" and explained: I don't know... I just
circled green plants because everybody eats... not everybody eats
cows but everybody eats green plants.

Thus, the v_... "made sense” if students had a source of information (prior
knowledge) to answer the questions in the taxt and in the interview.
Performance of the assigned task and compliance with school expectations was
the reading goal of thase students.

This strategy is similar to a group of poor readers identified by Spiro

(1979) and Maria and MacGinitie (1982). In their studies they raferred to

these readers as overrelying on "top down" processing of text.

2. Overreliance on words in the text in order to complete a school task.

Like another group of poor readers studied by Spiro (1979), these studeats
were "bottom up” processors of text who focused on the details in the text and
failed to make any sense of the meaning of the text. The details were Jjust
isolated words that had no relationship to each other or to any prior real-
world knowledge. In their recalls, these students identified words or phrases
("It was about chlor-something and a eccsystem.”) without giving any
description or meaning to them. In spite of this lack of attention to
meuning, these students felt they understood the text if they were able to
decode the words and to identify details in the text that satisfactorily
answered questions posed by the text. They were only confused when they
encountered vocabulary words that they could not decode. For example, when

asked whether there were any places that the Modern Science text was

confusing, Tracey reported on Day 2 that it was just "some of the words I
didn't get.” On Day 3, she pointed out the following words as places where

she was confused: germination, chlorophyll, chloroplast, cotyledoiw., embryo,

dormant.




That this strategy of focusing on words in the text was never used to

make sense of the text became clear when students were asked questions. In
answering text-posed questions, they simply looked for a "big"” word in the
question, loc:ted that word ia the text, and copied thz word along with words
surrounding it in the text. These copied words may or may not have sensibly
answered the question, but the students were satisfied just to have an answer.
Frequently, this strategy produced answers that would be acceptable to most
teachers. When students were asked interview questions about real-world
plants, students reiied totally on their experience-based knowledge. No
relationship was seen between the text and this real-world knowledge. Thus,
Tracey recalled the book being about “chlorophyll™ and "photosynthesis,” but
these words were never mentioned when she was asked about how a particular
plant gets its food.

The use of text by these students was driven by their school knowledge of
what was needed to finish the work. From prior successes in school they found
that being able to recite key words and phrases from the text (especially
large vocabulary words) can often get you by. Real-world knowledge was a
completely separate re~lm of knowledge used to explain everyday, non-text
phenomena.

3. Overreliance on unrelated facts in the text due to an addition notion

of learning. This strategy was used by better readers who had higher goals
for their reading than just finishing the assigned work.’ These students held
the view that school science learning is all about developing a list of facts
about natural pheanomena. This list of facts is what you are supposed to be
learning about in school. Their prior experiences with schooling had

convinced them that memorization of unrelated facts is satisfactory learning.
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Thus, they never attempted to relate the facts from the text o each other or
to their real-world knowledge about plants.

While students using strategy 2 tended to recall single words which they
listed without reference to any meaning, students with the additive notion of
learning as their goal :ften had fairly accurate and complete recalls- of
explicit text material. They might recall, for example, that "plants make
taheir food” and that "chlorophyll is what makes leaves green.” However, they
remembered ideas in no particular conceptual order, they placed equal emphasis
on trivial details and on main concepts, and they did not link facts together
to develop an overall picture of the main concepts. For example, Myra
remembered a lot of details about an experiment that had been described in the

Concepts in Science text:

Myra's

Recall: She had scme fish and she had some plants in there and one day she
was looking at them and a buhble came out of one of the plants. And
she started experimenting a little, and she noticed they were giving
off oxygen...They asked us what we thiak about is she trying - is it
oxygen, they asked us what we thought. I put one time it did and one
time it didn't...They said the first time it wasn't sunny all the
time. The first time it was out for 1 week and everyday it was
sunny .

However, when the interviewer asked Myra about whether the girl dning the
experiment had made a conclusion about the role of the sun, Myra said simply,
"no."” Although she remembered a lot of details, she mf!ssed the critical
reason that the experiment was included in the text.

Like students using strategies 1 and 2, students using this strategy
answered questions sbout real plants without making reference to any of the

facts they had read about in the text and included in their recall. Use of

this additive notion of learning prevented students from linking text
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information to real plants. It also prevented students from making sense of
the disciplinary understanding of photosynthesis.

Students using this strategy and the first two strategies were unable to
make sense of the text explanation of photosynthesis. Since the text viev was
not intelligible to them, it was impossible for them to use that text view to
change their misconceptions aboui. food for plants. Posner's second criterion

for conceptual change had not been met.

4. Separation of dis plinary knowledge and real-world knowledge in

order for each to make ser.se. For this group of students the text explanation

was intelligi_ie. However, this disciplinary view of food for plants was not
seen as having anything to do with students' equally well-ordered real-world
schema of food for plants. Thus, these students had two fairly well-developed
schemata of food for plants. They drew on the disciﬁlinary schema to answer
textbook questions, and they used their real-world schema to answer gquestions
about real plants. They were unaware that they two views were in conflicr
with each other, and their success in school using such a strategy probably
reinforced their use of the strategy.

Unlike students using strategy 3 students using this strategy did not
accumulate lists of isclated facts from reading the text. They were able to
conceptually organize ideas presented in text, appropriately emphasizing major
ideas over minor details. Recalls for these students tended to be accurate
and fairly complete with main ..eas of the text appropriately identified.
However, these ideas in the recall were rarely used in answering questions
like, "How does this particular plan% get its food?”™ 1In fact the students
using this strategy often said one thing in the recall portion of the

interview (such as "water i1s not a food”) and then con.radicted themselves
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when talkiug abouc a real-world situation ("water is food for this plant”).
It is interesting to note that this is the first strategy described in which
students engaged disciplinazy knowledge and found it intelligible in spite of
th. general expectation that this is the main function of textbook reading.

5. Overreliance on prior knowlggge ia order to make sense of

disciplinary/text kno. _age. This strategy was used by a relatively large

number of students, most of whom were reading at or above grade level as
measured by standardized achievemen. tests. These students generally expected
the text to confirm their prior kaowledge, so that their goal in reading the
text was basically to verify what they already knew. This attitude was
expressed by some as, "Basically, I already knew a)l this.”

These students did rot focus primarily on developing strategies to get by
in school. Instead, they seemed to be genuinely trying to make sense of the
text and disciplinary knowledge, but in order for the text to make sense for
them it had to fit into their real-world schema of food for plants. Thus,
this is a sophisticated strategy in which readers attempted to link prior
knowledge and text knowledge. This is in contrast with strategy 4 in which
disciplinary knowledge was kept separate from real-world knowledge. However,
because the studeuts' real-world knowledge was so strongly held and because it
was often in conflict with the content of the text, the students using this
fifcth atrategy had to distort or ignore some of the text information to make
it fit. Thus, these students did make some attempts at intcgrating real-world
aud disciplinary knowledge. Howeve:, with prior knowledge taking the driver's

seat in the process, learning was often quite differenr from what was intended

by the authors of the text.




6. Conceptual change strategy. In contrast to strategy 5, students

using the concentual change strategy allowed text knowledge to take the
driver's seat in their attempts to integrate real-world knowledge ard text
knowledge. Thus, they used text knowledge to change their real-world ideas
about food for plants.

These students were reading to make sense of what the text had to say and
to apply this knowledge to their real-world thiuking and misconceptions about
plants. They recognized tne conflicts between what the text was saying and
their own naive theories, and this confict was resolved by abandoning or
zhanging their misconceptions in favor of the more powerful, sensible
disciplinary explanation.

All of the students using this strategy did things as they read the texts
that were not gseen among the other students. The students using this strategy
wvere:

1) Aware of key statements in the text that were incompatible with their
prior knowledge.

2) Able to recognize the main gosl concepts of the text.
3) Awvare cf the conflict between text explanations and their
misconceptions and willing to abandon misconceptions to resolve the

conflict.

4) Aware that text was leading to changes in their own thinking about
real-world knowledge.

5) Aware of places where the text explanations were confusing because
they were in conflict with the students' previous beliefs.

6) Able to use text ideas to explain real-world phenomena.
The conceptual change strategy was the only strategy in which students
made sense of the disciplinary concepts in a meaningful way. All of the other

strateglies enabled students to read without appropristely recognizing




differences between the text's view of how plants get thelr food and students'

own naive views. Thus, the first five strategiec were not effective in terms
of conceptual change learning. Altbcugh these strat.gies failed to be
effective in terms of scudent learning, they were effective in helping
students complete school reading tasks satisfactorily.

Text Features a... Students'

Stratg;zﬁSelection

The particular reading strategy used by students was determined by an
interaction between characteristics of the student and characterstics oi the
text. To some extent students' selection of strategies was determined by
individual student dif erences in reading ability (see Table 2). Thus, the
students reading at or below grade level (as measured by standardized reading
tests) appeared to only have the first three strategies in their repertoire.

Only the "better” readers had the more sophisticated strategies (4 & 5)

‘available to them.

Table 2 goes about here

However, this pattern does not hold true for the conceptual change
strategy, and here is where the text influence on strategy selection becomes
evidant. Strategy 6, the only truly effective strategy, was used by six of
the seven students reading the experimental text. One of the twelve students
reading the two commercial texts uased this strategy.

In addition, students reading the experimental text were almost the only
ones who switched from one of the five ineffective strategies on Day 1 to the

more effective conceptual change strategy on Days 2 & 3. All but one student
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reading the other texts either persistently used one of the five ineffective

strategies or switched back and forth among alternative ineffective
strategies. This data strongly suggest that text features influenced strategy
selection.

The data provided many sources of information about the influence of text
on strategy selection. In this section, the effects of text content
organization and of text-posed questions on students' strategy selection will
be described to show examples of ways text feetures influenced strategy
selection. Case studies of thr2e students, each reading a different text,
will be presented.

Parker's reading of Concepts in Science. Parker began instruction

holding some experientially-based inaccurate knowledge and some inaccurate
disciplinary knowledge about photosynthesis. Using strategy 5 he tried to fit
everything in the text into both a) hi%‘real-world misconceptions that plants'
food 1s what they take in from external sources and that "food” is whatever
plants need to survive and his b) disciplinary knowledge that plants produce
oxygen during a process called photusynthesis. He had the inaccurate
understanding that plants produce oxygen for the purpose of helping out
animals. He did not see oxygen production as a by-product of the food-making
process.

Apparently anticipating that students might have some knowledge about

plants' production of oxygen and hoping to build on this prior knowledge, the

Concepts in Science text begins with a discission of oxygen production during

photosynthesis. This is then used as a lead~in tec the idea that plants also

produce food during photosynthesis.
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How did Parker interpret this section of the text? First of ell, the
discuseion of oxygen production immediately suggusted to him that this chapter
~;as about things he already knew, thus suggesting or reinforcing the selection
of the strategy of overrelying on prior knowledge. He repeatedly talked about
how he wa; not learning anything new, just reviewing or adding details, and
that this was easy stuff for him, “"cut and dried.” Throughout hits reading of
the text chapter, Parker focused on the oxygen production issue and largely
ignored the more central issue of food production. When he did mention food
production, it was always treated as less important than the oxygen
production. For example, when looking back over ine text at the end of the
second interview, he said:

I wasn't so mucn aware of the sugar as I was of the oxygen. I wasn't
so aware that it was, I mean, the article makes it such a stress. Most
of what I had studied had done, oxygen was stressed. Plants do make
oxygen.

On Day 3 he defined photosynthesis as “"the plant's way of taking carbon
dioxide gas and converting it to oxygen.” Not only did he fail to incorporate
any notion of food prcduction intc his idea of photosynthesis, he also held
the mistaken notion that carbon dioxide is changed directly into oxygen during
photosynthesis.

Thus, the text's presentation of oxygen production before food production
did not help Parker develop a better understanding of photosynthesis. Rather,
it reinforced his use of an ineffective text-processing strategy and failed to
impress on him that food production is of central importance in
photosynt iesis. This is particulariy remarkable since this text built in a
lot of redundancy into the narrative and into the questions. Packer even

commenited that the authors seemed to be trying to “"pound the idea into our




heads” by frequent repetition of the idea that plants produce food during

photosynthesis.

There were other places, too, where the text organization made it easy
for Parker to assimilate text ideas int. nhis faulty prior knowledge. For
example, text explanations fed right into his misconception that the reason
plants produce oxygen is for the benefit of animals. The text explained
carefully how oxygen given off by water plants is used by fish. In contrast,
when the text explained photosyathesis in terms of hydrogen, carbon, and
oxygen atoms rearranging to form sugar, it never mentionmed that oxyge.. atoms
are ‘aleased as part of this process. In fact, Parker used the text to
elaborate and expand this misconception. He developed the notion that plants

also make food only for animals:

Q: What ie the plants' food?
P: T.e plant creates glucose and it lives off minerals, sunlight, and
carbon dioxide.
The section immediat.” - following the presentation of photosynthesis in the
text discusses the lmportance of photosynthesis for all organisms in the
ecosystem, thus again reinforcing Parker's conceptualization that the food is
produced for animals, not plants, to use.

The questions posed by the text were all literal level, factual recall
questions that Parker could easily answer using his overreliance on prici
knowledge strategy. They were almost all in an easy, 2-chcice nmultiple-choice
format. Only one question in the text suggested to Parker that his notions
about food for plancs might be in conflict with the disciplinary view of
photosynthesis. In spite of total r ifidence that he understood everything

perfectly, Parker did have some doubt about this question. However, he passed

sff this doubt as the result of an unclear question rather than hls own
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conceptual difficulties. The question asked whether plants could live and get
food if there were no animals on earth. Because Parker did not view plants as
making their own food, it was hard for him to accept the idea of plant
independence that the text had stated as possible.

1hus, the text organizution and questions did not challenge any of
Parker's incorrect preconceptions and did not ﬁelp him switch over to the
conceptual change strategy. In fact, the text organization had the opposite
effect of convincing Parker that he knew all this already, suggesting stra’egy
5 as appropriate. The questions asked in the text did not challenge Parker's
incorrect notions. He ended the reading convinced that he understood
photosynthesis thoroughly and tha: ne hadn't learned much new - he'd known it
all along. On the posttest, however, he consistently denied that plants make
their own food and he wrote instead that plants' own food comes from multiple,
external sources. He also did not change his definition of food as "anything
a plant needs to survive.”

Kevin's reading of Modern Science. The Modern Science text organizes the

explanation of photosyrnthesis around a structure/function thewe. Each plant
part and its contribution to photosynthesis is described first. This
culminates in a discusaon of how all the plant parc3 interact to produce food

during photosynthesis. Compared to the Concepts in Science text, many more

details and sp-2ialized vocabulary words are given and there is much less

attempt o highlight the main concepts through repetition. Like the Concepts

in Scilence text, however, the Modern Science text does not pose questions or

present explanations that challenge students to see the conflicts between

their ideas about plants' food and the scientific notion of photosynthesis.
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We have already seen (see p. 2) that Kevin was able to "comprehend™ the

concept of photosynthesis from the text explanation but was unable to change
his real-world misconceptions tc be consistent with this concept. Kevin read
the text using the same strategy that Parker had used. He thought he already
knew it all:

“"This is mostly the same (as what I had before) except for a little more
detail...This is sort of like a review for me with more detail.”

However, what was it that Kevin knew? Prior to reading the text he strongly
held a misconception that plants have multiple sources of food which they take %
in from their environment: l
Food (for plants) can be sun, rain, light, bugs, oxygen, soil, and even
other dead plants. Also warmth or coldness. All plants need at least 3
or 4 of these foods. Plus minerals.
It was from this perspective that Kevin began looking for “details™ from the
text.
It is not surprising that Kevin used this strategy of looking for details
to fi1l into ..s prior knowledge. The text is loaded with details and
specializzed vocabulary words that grad the reader's attention. For instance,
Kevin learned about the cross-section of the leaf and its cell structure, he
learned about xylem and phlcem, he learned abcut chloroplasts and chlorophyll.
He fit all these details into his incorrect conception that plants take in
food from external sources. For example, he explained how root hairs go far
into the soil to get water and minerals, which are food for the plant. Xylem
then takes food from the soil and passes it on to the leaves. 1In fact, the
text clearly states that minerals and water in the goil are not food for the

plants, but Kevin ignored this crucial sentence even after he was asked to

reread it during an interview. Thus, Kevin had to distort and ignore the text
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to make it fit with his misconceptions. Except for that one sentence,
however, the content organization of the text content did not challenge
Kevin's inaccurate assumptions. In fact, the text emphasis on details

reinforced Kevin's approach to reading this text. Because main 1deas were not

higtlighted or repeated, Kevin interpreted the text as being mainly about
adding details about different plant parts to his prior knowledge.

Thus, although the structure/function argument is appealing and seneible
to the expert biologist, this elaborate organization was not sensible from
Kevin's naive perspective. The emphasis on detail and vocabulary in boch the
narrative text and in text-posed questions served only to distract Kevin from
the central issues. Like Parker, he ended instruction confident that he
understood photosynthesis while still believing that plants take in food from
the soil.

Evalina's reading of the experimental text. On her pretest Evalina

tdentified water as one of plants' foods, alongwith sunlight, air, fertilizer,
and soil. Like Kevin and Parker, she had a strong belief that plants take in
multiple kinds of food from their environment. She had no idea that plants
made their own food. Implicitly, like Kevin and Parker, she was defining food
as anything plants need to live.

The experimental text begins by asking students for their definitions of
food and their opinion about whether water, juice and sugar are food. The
text then contrasts expected student answers with the scientific definition of
food, that food is only those substances that provide living things with
energy. Thus, student misconceptions about a definition of food and about
water being a food are alicited. In addition, the contrast between students'’

common ideas that water is food and the scientific notion that water does not
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provide energy is made. The text does not, however, explain how plants get

their food in this first section.

The issue about wheiher water is food or not created significant
craceptual conflict for Evalina after she read this first section of the text.
By asking for her own ideas and then presenting conflicting information, the
text helped Bvalina see the link (and the conflict) between text ideas and her
real-world notions about plants. In her recall, she included the text's
central idea, tha*t substances must provide energy to be considered food. She
also noted that us’ng the scientific definition of food, water is not food.

In answering other interview questions, however, Evalina was clearly
struggling with the conflict between the text knowledge and her
misconcentions:

I: So where does the plant get its food then?

E: Where does the plant get its food? I don't know. From the water. I

think from the water.

I: Do you think food for plants is the same as focd for animals?
E: Well, some animals they drink water...and plants they drink water

too.
I: Okay. So that's food for plants and food for animals? It's the

same?

E: Water isn't food. I learned that much (laughs). If water isn't food
then what is the, what kind of food is it for the plant? But I know
that my mother, she gives water to her plants...And animals have
water too. I'm sure they do. I don't know.

Thus, right from the beginning, the text structure encouraged Evalina to use a
conceptual change approach to processing the text. She was linking text ideas
to her prior knowledge and beginning to change her own ideas to make them
consistent with the text view.

Evalina was in a state of conflict about the issue of water being food

when she began reading the second section of the toxt. In this section,

students are first asked to explain some experimental evidence: Why are grass
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plants able to begin growing even when kept in the dark? In writing her
answer to this question, Evalina fell back on her idea that they could grow
because they had water. The text then asked why plants would eventually die
in the dark but live in the light, and Evalina naively wrote: “"Because in the
dark the plant couldn't breathe. And in the sunshine it did."

The text then contrasts such expected naive answers with scientific
explanations of the phenomena. It points out that both the plants in light
and plante in dark in the described experiment had soil, fertilizer, and
water, and yet still the ones in the dark died. Making reference to the
scientific definition of food again, the text then explicitly explains that
water, fertilizer, and soil are not food for plants. It asks students
questions that force them to cognitively engage the conflict between these
notioas and their own conceptions:

Text Question:

"Plant food"” or fertilizer you buy at the store contains minerals
that help plants grow healthier, but it does not supply plants with any
energy. Think back about our definition of food (look on p. 2). 1Is
"plant food" really food by the scientists' definition? Explain.

Finally, the text introduces the concept of photosynthesis, emphasizing that
it is a process of changing nonfood raw materials into enmergy-containing food
and that it is plants' only source of food.

After reading this section, Evalina recognized that her written
explanations about grass plants growing using water and then dying because
they couldn't breathe were inaccurate:

I: Why do plants begin to grow in the dark? (Evalina had written

“Because they had water.”) What were you thinking when you answered
E: ;::;zse I always see people use water for their plants. That's why I

always say water--I think that helps them grow, according to my

mother.
I: So why do plaants in the dark eventually die?
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: Because they need light so they caa grow and help make cheir food.
When they're in the dark, they don't have enough sunlight to help
them make their food...I think m answer was wrong.

I: You said they couldn't breathe.

E: Yeah.

I: What ¢> you think now?

E: I think they didn't have enough food in the dark, I know they didm't
have enough food because they need the light to help them make the
food...

When asked the interview question about how the real-world plant sittling
on the table gets its food, Evaling immediately used new knowledge from the
text to answer. This in striking contrast to the way Kevin and Parker
continually relied mainly on their prior knowledge ‘- answer this question:

E: The way it gets its food is Irom sun, air, and water. But they told
me water is not food for the plant and neither was soil. The sun
helps the plant make its food. It helpt to make in in the leaves.

I: Remember what you told me the other day about how theplant gets its
food? Have your ideas changed at all?

E: Ya! (laughs). Well, at first I thought it was just water because we
water ours and my mother put it out in the sunlight and stuff.

Evalina's awareness of the change in her thinking was typical of students
using the conceptual chauge strategy, and the experimental text asked
questions that made students aware of these changes in their chinking.

The third day's reading reviewed what is and 1s not food for plants.
Students were then given numerous opportunities to apply these concepts in
different situations. That Evalina had undergome significant conceptual
change 1s evident in the way she answered another application question during
the interview:

I: What would happen 1f a box covered a plant so that only one leaf

could get light?

E: I think that the ones that's under the box, it would start to die
because it needs some light down on it to help it make food. And the
one that's probably out in the light, it would probably help feed the
plant that's under the box, because if the food is going down the
stem like that, it probably would extend to some of the other leaves.

But 1f it didn't, then those under the box, they probably wuuldn't
live that long, and the one's that out, it would.

31

33




She accurat_ly thought through this situation using the concept of
photosynthesis. This answer stands in dramatic contrast with the answers
given by Parker and Kevin to the same question:

Parker:
S: The plant would die.
I: And, can you tell me why?
S: Because one leaf alone can't support the entire needs of the plant.
I: Okay.
S: The plant needs more sunlight than that.

Kevin:
S: I imagine it would still keep groing. But.
Okay. Why do you think so?
I think it could still only survive off of one leave, but I doubt it.
I don't think so.

1
S
Even when probed, they did not come up with explanations that draw from text
kaowledge. Instead, they developed their predictions and explanations based
on their prior keowledge about pl: ts.

Thus, the experimental text structured content and asked questions in
way3 very different from the two commercial texts. It asked questions to make
students aware of their misconceptions, it highlighted contrasts between
students' misconceptions and scientific conceptions, and it explained why each
of students' common misconceptions about food for plants were inaccurate.
These features helped Evalina see the relationship between the text and her
real-world ideas, thus engaging her cognitively {n a way that the other texts
did not do for Parker and Kevin. This set Evalina up to find the explsnation
of photosynthesis both plausible and intelligible. Numerous application
questions enabled her to see how the concept was broadly useful. Iu short,
the structure of the text helped Evalina use a conceptual change approach to
reading the text and to fulfill each of the four criteria for conceptual

change learning in the Posner model.



Summary of Case Studies. The differences in the ways the th.ze textbooks

were used by these three readers cannot be attributed to differences in
reading ability. Both Parker and Kevin were reading well above grade level
according to standardized test results (post high school and grade 12,
respectively), while Evalina was reading at a 5.6 grade level. 1In spite of
being good readers with high interest in science, Parker and Kevin used an
ineffective reading strategy that was not challenged by the content
organization or questions in the texts thev read. Evalina, on the other hand,
used an effective conceptual change strategy that was encouraged by the
structure of the experimental text. The results were striking differences in
learning outcomes:

Table 3 goes here

Comparison of Learning Outcomes

Differences among students reading the three texts are also supported by
the posttest analysis of student learning. These analyses clearly indicate
that student learning is mediated by students' selection of text-processing
strategies.

Analysis of posttest results focused on student mastery of four different
scientific conceptions. Table 4 shows that six of the seven students who
relied on Strategy 6, including one student reading a commercial text,
mastered all four scientific conceptions. The remaining student using that
conceptual change strategy mastered three scientific conceptios. None of the
eleven students using the other strategies, even the one student reading the

experimental text, mastered more than two scientific conceptions.
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The choice of strategy, in other words, was a better predictor of scudent

learning than the type of text read c¢r the students' readihg achievenment
level. The experimental text, however, clearly influeanced students to choose
the most effective strategy.

Table & goes about here
Conclusions

The study shows that students, both "good™ and "poor” readers, have
difficulty learning from cext because they use ineffective text processing
strategies. Five ineffective strategies were dafined. None of these
strategies enabled students to see the conflicts between text presentations of
scientific conceptions and their own naive theories, or misconceptions, about
the concepts. Because these strategies did not permit studeats to
appropriately integrate their "real-world” knowledge with the disciplinary
knowledge presented in the text, conceptual change learning from text was
impossible.

Only students using a conceptual change strategy for processing text were
successful in giving up or modifying their incorrect prior knowledge in favor
of the text explanations of how plants get their food. These students were
aware that text explanations were in conflict with their own experiential
understanding of how plants get their food, and they usea this text knowledge
to change their misconceptions.

The study also demonstrated that the experimental text, which addressed
and challenged student misconceptions in addition to presenting explanations
of the goal concepts, was much more successful than two commercially available
texts in inducing students to use the effective conceptual change strategy.

As a result, students reading the experimental text did dramatically better
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than students reading the other texts in terms of developing meaningful

understauding of the text content.

Implications

By helping us understand why students have difficulty learning from text,
this study has important implications for research and textbook devclopment,
for teaching, and for student learning. The finding that students'
misconceptions play a critical role in their interpretation (and
misinterpretation) of texts opens new doors in thinking about how to improve
student learning from text.

First, textbooks can be writtan in ways that will encourage the use of a
conceptual change reading *rategy and result in meaningful learning from
text. Traditionally, textuooks have been written only to present scientific
explanations of phenomena. This study suggests, however, that knowledge about
common student misconceptions can be used to write texts that challenge
students' misconceptions and help them see how these misconceptions are in
conflict with scientific explanations of phenomena. A new model of textbook
development is needed in which careful research on students' misconceptions
serve as the foundation for textbook development. Research woula also be
important during pilot testiag in this text development model. Such research
would focus on anzlysis of students' conceptual change learning. Thus,
students would be asked more than to just parrot back text information (What
is photosynthesis?) They would also be asked questions to reveal persisting
misconceptions and to diagnose failures to integrate text knowledge with real-
world knowledge (How does this plant get its food?)

Teachers can help students undergo conceptual change learning from text

by carefully astructuring reading assignments to help students become aware of
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the conflicts between scientific explanations in the text and their personal
theories. Questions must focus on eliciting studeant misconceptions,
challenging those misconceptions, relating text content to real world
situations, and highlighting the contrast between text and student
explanations. Teachers must be aware of the limited informatfon ahout student
learning they are getting from asking questions that students can answer
successfully using one of the ineffective text processing strategies.

The most important implication from this study is for students. The
study suggests that students at all reading levels are capable of using a
reading strategy that will help them make sense of text content. Thus,
conceptual change learning from text is a realistic goal for middle school

science students.
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FIGURE 1

DESIGN OF THE STUDY

TEXT

(7 students)

Interview

DAY 1 DAY 2 DAY 3 DAY 4
I
Modern Scieuce Pretest | Read Part 1, Read Part 2, Read Part 3, Posttest
(6 studeats) Interview Interview Interview
Concepts in
Science Pretest | Read Part 1, Read Part 2, Read Part 3, Posttest
(6 students) Interview Interview Interview
Experimental Pretest | Read Part 1, Read Part 2, Read Part 3, Posttest
Text Interview Interview
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TABLE 1

TEXT PROCESSING STRATEGIES

Source of know- Source of know-  School Reading
ledge for answer- ledge for auswer- Knowledge Goal
ing text-based ing real-world

questions questions

1. Overreliance (Prior know~ To finish a
on prior real- Prior Prior ledge can school task
world know- knowledge knowledge help you
ledge answer

questions)

2. Overreliarce “Big"” words in Prior (Big words To finish a =
on isolated the text knowledge in text are school task :
words in text important

to use)

3. Overreliance Facts in the Prior (Learning To memorize
on facts in text knowledge is memorizing facts about
text - addi-- lists of plants
tive notion facts)
of learning

4. Separating Disciplinary Prior (To make To make
disciplinary view presented knowledge sense of sense of
knowledge and in the text text, you text view
real-world can't try of plants
knowledge as to relate it
two distinct, to real-world
equally sen- knowledge)
sible worlds
of knowledge

5. Overreliance PRIOR KNOWLEDGE PRIOK KNOWLEDGE To make
on prior Discipl.nary view Disciplinary view sure I'm
knowledge to presented in the presented in the ————— right; to
make "3ense” text text add a few
of disciplin- details to
ary views in what I al-
the text ready know

6. Using text DISCIPLINARY VIEW DISCIPLINARY VIEW To make sense of

knowledge to
change real-
world ideas

PRESENTED IN THE
TEXT
Prior knowledge

PRESENTED IN THE
TEXT
Prior knowledge
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STRA "GIES USED BY INDIVIDUAL STUDENTS

TABLE 2

. DOMINANT ST/ATEGY

%mEXT READING LEVEL DAY 1 DAY 2 DAY 3
;gbdern Science Linda. 4.5 1 1 1 2
3 Tracey 5.6 1 2 1
Danny 7.1 3 2 3 :
] sally 8.4 3 5 5.
Kevin 12.5 5 5 5 .
Susan 12.6 _d 6 6 _

Concepts in Jill 4.0 3 2 2

- Science Maria 4.0 1 1 1
Myra 6.0 3 3 5 .
PLii 6.0 5 5 5 .

Deborah 10.0 5 5 5

) Parker PHS 5 5 5
Experimental Daryl 3.4 5 ) 6*_

Evalina 5.6 6 6 6

Allison 7.6 1 5 6

Doug 8.1 4 6 6

Vera 8.6 4 6 6

James 11.3 4 6 6

Sheila PHS 5 6 6




Table 3

Comparison of Three Studen:s'
Conceptual Changes

:
1
PRECONCEPTIONS!  POSTCONCFPTTONS ,5
Reading Source of | Defines Source of Defines i
Student Text Level Strategy food food food food )
Parker Concepts in Post Overreliance Multiple, | What plants | Multiple, t plants -
Science high on prior external |need external F::d
school knowledzz, #5
Kevin Modern
Science 12 Overreliance Multiple, ] What plants | Multiple, HHhAt plancs
on prior external |need external and jneed
knowledge, #5 internal
(plants make
food and take
in food)
Evalina | Experimenral 5.6 Conceptual Multiple, | What plants | photosynthesiq Provides
change, #6 external |need photosynthesis] energy
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Table 4

Learning Outcomes

n LEARNING OF GOAL CONCEPTS
Plants make | Need light | Get food | Get food
Text Student |Dominant |Reading | food, do not | to make cnly hy from seeds
Strategy | Level | take it in food making it] at first

Experimental | Daryl 6 3.4 * * * -
Evalina 6 5.6 * * * *
Allison | mixed 7.6 - * - %
Doug 6 8.1 * * * *
Vera 6 8.6 * * * *
James 6 11.3 * * * *
Sheila 6 Pis * * * *

Concepts

in Science Jill 2 4.0 + + + NA
Maria 1 4.0 - - - NA
Myra 3 6.0 - - - NA
Phil 5 6.0 - * - NA
Deborah 5 10.0 - * -~ NA
Parker 5 PHS - - - NA

Modern

Science Linda 1 4.5 - .- - -
Tracey 1 5.6 - - - -
Danny 3 7.1 - * - -
Sally 5 8.4 - * - -
Kevin 5 12.6 - * - %
Susan 6 12.6 * * * *

* = understood the concept
KEY: ~ = did not understand the concept
NA = not addressed in this text

+ = did not take posttest

e, ¥
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