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APPROPRIATING SCIENTIFIC DISCOURSE:

FINDINGS FROM LANGUAGE MINORITY CLASSROOMS

ABSTRACT

This paper reports a study of the effects of a collaborative inquiry
approach to science on language minority students' (middle and high school)

learning. This approach _mphasizes involving the students, most of whom

have never studied science before and some of whom have had very little

schooling of any kind, in "doing science" in ways that practicing scientists do.

This study addresses the question: To what extent do students appropriate

scientific ways of knowing and reasoning as a result of their participation in

collaborative scientific inquiry? We focus our analysis on changes in stu-
dents' conceptual knowledge and use of hypotheses, experiments, and
explanations to organize their reasoning in the context of two think-aloud
problems. The findings indicate that at the beginning of the school year the

students' reasoning was non-analytic and bound to personal experience. By

contrast, at the end of the school year they reasoned in terms of a larger
explanatory system, used hypotheses to organize and give direction to their

reasoning, and demonstrated an awareness of the function of experimenta-

tion in producing evidence to evaluate hypotheses.

APPROPRIATING SCIENTIFIC DISCOURSE
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What does it mean to learn science in language

minority classrooms? This question is more complex

than it seems because it brings into focus a tension

between content area learning and English lan-
guage development that plagues educational pro-
grams for language minority students. Typically,

learning science in language minority classrooms
(when it is taught at all) means learning English in the

context of science content. Students may memorize

the definition of the word hypothesis but never
experience what it means to formulate or evaluate
one. The emphasis is squarely on learning Erw;:fsh

vocabulary and grammar, with science as one means

to that end. In undertaking the Cheche Konnen
(which means search for knowledge in Haitian Cre-

ole) project three years ago, we sought to develop an

approach to "doing science" in language minority
classrooms that would provide an alternative to
conventional practice. Science, we thought, needed

to be valued not just as a means for teaching English

but as a way of knowing and thinking in its own right.

In this light, languageboth first and second lan-
guagesbecomes a means for constructing scien-
tific meaning.

We were concerned, too, by the fact that sci-
ence is often absent altogether from bilingual and
English as a second language programs. One
reason for this seems to be an assumption in the
educational system about what language minority
students can achieve and how they should learn.
Language minority students are typically identified in

terms of what they don't know (e.g., English). This
"identity," as Moll (in press) argues, is reflected not
only in the forms and foci of instruction found in
language minority classrooms ("intellectually limited,

with an emphasis on low-level literacy and computa-
tional skills') but in the very types of questions and
issues that guide bilingual education research and
policy (paraphrasing Moll, how to determine lan-
guage dominance; how long to use the first lan-
guage; when to mainstream students to English-only
instruction; and what kinds of language tests to use

in program evaluation).
The Cheche Konnen project attempts to ad-

dress these concerns. In Cheche Konnen, students

plan and carry out investigations into phenomena In

the natural world (e.g., water quality, weather, hu-
man physiology, and sound). The basic idea is to
involve the students, most of whom have never
studied science before and some of whom have had

very little schooling of any kind, in doing science in

ways that practicing scientists do. They pose their
own questions; plan and implement research to
explore their questions; build and revise theories;
collect, analyze, and interpret data; and draw conclu-

sions and make decisions based on their research
(Rosebey, Warren, & Conant, 1989; Warren,
Rosebery, & Conant, 1989).

In this paper, we report a study of the effects of

doing science on language minority students' learn-
ing. We address the question: "To what extent do the

students appropriate scientific ways of knowing and

reasoning?" Our analysis focuses on changes
from the beginning of the school year to the endin
students' conceptual knowledge and use of hypoth-

eses, experiments, and explanations to organize
their reasoning.

A COLLABORATIVE INQUIRY APPROACH

In Cheche Konnen, the emphasis on authentic

scientific practice is realized as a form of collabora-

tive inquiry. This approach reflects our belief, build-
ing on Vygotsky (1978), that robust knowledge and

understanding are constructed socially through talk,

activity, and interaction around meaningful prob-
lems, tasks, and tools. In collaborative inquiry,
teachers guide and support students as they explore

problems and define questions that are of interest to

them. The investigations described in the Method
section exemplify this process. In one, the Water
Taste Test, students conducted a blind taste test to

confirm their belief that one water fountain in the
school, the one they always drank from, had "better"

water than the other fountains. When the results of
theirtest showed that most of them actually preferred

the water from the "worst" fountain in the school, the

students were shocked and suspicious of their re-
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suits. This suspicion motivated them to conduct a
second test with a larger sample of students. When

their second test confirmed the results of the first, the

students wanted to find out why one water fountain

was preferred over the others. To answer this, they

analyzed the school's water fountains for differ-
ences along several chemical, biological, and physi-

cal dimensions.
The stages of the Water Taste Test clearly

show how the results of one inquiry can lead to new

questions that in turn spawn further research. The
course of the Water Teste Test was not predeter-
mined; rather, it grew directly out of the students'
beliefs and questions. This is how inquiry proceeds:

The investigation of one question motivates addi-
tional explorations, initially unforeseen. For this
reason, Cheche Konnen does not follow a set cur-
riculum; investigations evolve through the joint activ-

ity of students and teacher.
By pursuing their questions, students work

toward goals that are meaningful to them and, often,

to the larger community (which can encompass the

classroom, the school, or the outside community). In

this way, through their own activity, students begin to

bridge the gap that separates the school culture from

the culture of the home and community (Heath,
1983). In addition, by planning and implementing
investigations, students learn how to confront the
kinds of ill-defined problems that arise In most real
world (scientific and non-scientific) activity. They
learn that there are alternative investigative paths to

a problem and that many different questions can be

pursued at any given point. And, importantly, they
learn that there is not necessarily one solution or
answer to a given problem.

The value of collaborative inquiry is that it
provides direct cognitive and social support for the
efforts of individual students (Brown & Palincsar,
1989). Students share the responsibility for thinking
and doing, distributing their intellectual activity so
that the burden of managing the whole process does

not fall to any one individual. The sharing of intellec-

tual responsibility is particularly effective for lan-
guage minority students because the English !an-

guage demands of complex tasks (e.g., interviewing

a water chemist at the local water treatment plant)
can overwhelm them and even mask their true abili-
ties; and understanding. In addition, collaborative
inquiry creates powerful coirtexts for constructing
scientific meanings, for example, when students use

data to debate the explanatory power of rival theo-
ries. In challenging one another's thoughts and
beliefs, students must be explicit about their mean-
ings; they must negotiate conflicts In belief or evi-
dence; and they must share and synthesize their
knowledge in order to achieve a common goal
(Barnes & Todd, 1977; Brown & Palincsar, 1989;
Hatano, 1981; lnagaki & Hatano, 1983).

Finally, In Cheche Konnen, collaborative in-
quiry is interdisciplinary. Mathematics and language

are essential tools of scientific inquiry. This stands in

sharp contrast to traditional schooling in which sci-

ence is separated from math and the role of language

goes unacknowledged. Mathematics mediates stu-
dents' scientific sense-making primarily through data

collection and analysis activities (e.g., measure-
ment, statistics, graphical analysis, and representa-
tion). In Cheche Konnen investigations, students
use mathematics in diverse ways: for example, to
measure water flow; to represent and analyze data
(e.g., using bar graphs, boxplots, scatterplots); and

to design and develop their own measurement
instruments.

Language (talk, reading, and writing) plays an

equally crucial mediating role in collaborative inquiry

as a system for thinking and talking scientifically and

for communicating and sharing ideas. As we will
discuss below, we conceptualize science as a dis-

course in order to emphasize the pluralistic nature of

literacy, the fact that over the course of a lifetime, we

all acquire many different literacies (e.g., control over

the discourses enacted in one's work, recreational

activity, church or synagogue; among one's peers in

a bar, playground, or baseball diamond; In various

educational disciplines such as linguistics, literature,

physics, engineering, etc.) (Gee, 1989; The Literacies

Institute, 1989; Warren, Rosebery, & Conant, in
press). When acquiring new literacies, we do not
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simply learn the form of a language and then apply

that form to generate meanings. Rather, we learn to

use language in specific ways and situations to
accomplish particular purposes, such as to answer

questions in school, to tell stories at the dinner table,

to play with peers, and so forth (Cazden, John, &
Hymes, 1972; Gee, 1989; Heath, 1983). This is the

heart of the perspective on language that underlies

the Cheche Konnen approach. Through collabora-
tive scientific inquiry, students expand their linguistic

repertoire, in both their first and second languages,

to encompass the discourse of science. For ex-

ample, in Cheche Konnen investigations, students
learn the discourse of theorizing as they make sense

of data they have collected, and they learn scientific

forms of writing as they produce reports of their
results.

The importance of an interdisciplinary approach

for language minority students cannot be overstated.

It involves them directly in the kinds of purposeful,
communicative interactions that promote genuine
language use. Such interactions are arguably the
most productive contexts for language acquisition:
for example, talking In the context of doing science

and trying to solve a meaningful problem (Ttueba,
Guthrie, & Au, 1981). The interdisciplinary approach

also creates opportunities for students to use the
languages of science and mathematics in ways that

society at large requires: not just to read textbooks,

but to write reports, argue theories, develop evi-
dence, and solve meaningful problems.

A major goal of Cheche Konnen is to forge links

between learning science and doing science, and
among science, mathematics, and language. This is

in large part what makes it a powerful model for
language minority students, in particular, and per-
haps for all students. The heart of the approach is for

students to ormulate questions about phenomena
that interest them; to build and criticize theories; to
collect, analyze, and interpret data; to evaluate hy-
potheses through experimentation, observation, and
measurement; and to communicate their findings.
Languagein the form of purposeful talk, reading,
and writingand mathematics mediate each of these

scientific efforts.

A SOCIOCULTURAL PERSPECTIVE ON

SCIENTIFIC LITERACY

The Cheche Konnen approach to learning is
informed by a particular perspective on what it means

to be, or become, scientifically literate. In Cheche

Konnen, as noted above, scientific literacy is con-
ceptualized as a discourse (Bakhtin, 1981; Gee,
1989). This view of science as a discourse helps us

to see scientific literacy not as the acquisition of
specific facts and procedures or even as the refine-

ment of a mental model, but as a socially and
culturally produced way of thinking and knowing,
with its own ways of talking, reasoning, and acting, its

own norms, beliefs, and values, its own institutions,

its shared history, and even its shared mythologies
(Gee, 1989; Latour, 198 t; Longino, 1990). With this

view of scientific literacy comes the view that to
become scientifically literate, students (and teach-
ers, too) need to be enculturated Into the ways of
making sense that are characteristic of scientific
communities. They must learn to use language, to
think, and to act as members of a sdentific community.

This view of scientific literacy is at odds with
that which underlies most school science practices,
whether in mainstream or bilingual programs. Some

of the most forceful testimony on this point comes
f rom prancing scientists. For example, i n the follow-

ing quote, Sir Peter Medawar (1987), the Nobel
Laureate, describes a scientist's view of scientific
activity:

Like other exploratory processes, [the sci-
entific method] can be resolved into a dia-
logue between fact and fancy, the actual and
the possible; between what could be true and
what is in fact the case. The purpose of
scientific enquiry is not to compile an inven-
tory of factual information, nor to build up a
totalitarian world picture of Natural Laws in
which every event that is not compulsory is
forbidden. We should think of it rather as a
logically articulated structure of justifiable
beliefs about a Possible World a story

APPROPRIATING SCIENTIFIC DISCOURSE
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which we invent and criticise and modify as
we go along, so that it ends by being, as
nearly as we can make it, a story about real
life. (p.111)

In this quotation, Medawar directly challenges

some of the typical school beliefs about what it
means to be scientifically literate. First, he chal-
lenges the belief that science, at bottom, is the
accumulation of knowledge or facts about the natural

world. Secondly, he challenges the belief that scien-

tists wort( according to a rigorously defined, logical

method, known popularly as the Scientific Method.

And thirdly, he challenges the belief that scientific
discourse is represented uniquely, or even accu-
rately, by forms of writing and talk that are thoroughly

objective and impersonal.

Central to Medawar's vision is an idea of scien-

tific activity as involving dialogue and storytelling.
Both strike a d isco rdant note with conventional class-

room practices in science. For example, with regard

to the methods of science, we tend to confuse the
final product of scientific activity, the journal paper
with its clearly delineated steps and carefully argued

logic, with the process that produced it (cf. Gilbert &

Mulkey, 1984; Latour & Woolgar, 1986). One result
is that we teach the method of science as if there
were only one way in which scientists actually go
about their work. Another result is a distorted view of

the role of both reason and imagination in science
(Kuhn, 1977; Medawar, 1987). Medawar's insis-
tence on the dialogic quality of scientific activity, in

contrast, places fact and fancy, induction and imagi-
nation on more equal footing.

But what is the character of scientific sense-
making? Medawar suggests provocatively that sci-
entific sense-making is akin to storytelling. What
does he mean by this? Most of our cuttural assump-

tions about the nature of scientific knowledge and

reasoning, at least those that are conveyed through

classroom instructionfor example, that scientific
knowledge is associated with certainty and is abso-

lutedo not fit with any idea of storytelling. What kind

of storytelling, then, does Medawar have in mind?

What Medawar has in mind when he equates

scientific inquiry with storytelling is an activity that
"begins with an explanatory conjecture which atone
becomes the subject of energetic critical analysis"
(1987, pp. 134-35). It proceeds by hunch and
intuition, invention and criticism; it is a process that,

in his view, is "outside logic" (Medawar, 1987, p.
129). And scientific storytelling is exactly this activity

of building explanatory structures or theo ries through

hypothesizing and experimentation. Following
Medawar, we characterize the discourse of storytelling

In science as a discourse of theorizing, one that
grows out of a vigorously critical and iterative pro-
cess involving, at minimum, conjecture, evidence,

observation, experimentation, and explanation.

For students to become literate in the ways of
making sense that are characteristically scientific,

the contexts ("communities of practice") in which
they learn science must reflect and support those
sense-making practices (d. Lave & Wenger, in press;

Schoenfeld, in press); that is, students must be
enculturated into the ways of making sense that are
characteristic of scientific communities. But learning

the practices and discourse(s) of science is a difficult

and complicated process. Students must not simply
acquire scientific ways of doing, reasoning, talking,

and valuing; they must also find ways of appropriat-

ing scientific discourse so that it can serve their own

sense-making purposes (Bakhtin,1981 ; Cazden, 1989).

The Soviet theorist, Mikhail Bakhtin (1981),
helps us sea .-hy appropriation is both so important
and so difficurt:

[The word in language] becomes "one's own"
only when the speaker populates it with his own
intention, his own accent, when he appropriates
the word, adapting it to his own semantic and
expressive intention. Prior to this moment of
appropriation, the word ... exists in other people' s
mouths, in other people's contexts, serving other
people's intentions.... And not all words forjust
anyone submit equally easily to this appropria-
tion . . . . many words stubbornly resist, others
remain alien, sound foreign in the mouth of the
one who appropriated them and who now speaks
them; they cannot be assimilated into his context
and fall out of it; it is as if they put themselves in
quotation marks against the will of the speaker.

PAGE 4
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Language is net a neutral medium that passes
freely and easily into the private property of the
speaker's intentions; it is populated ovetpopu-
lated with the intentions of others. Expropriat-
ing it, forcing it to submit to one's own intentions
and accents, is a difficult and complicated pro-
cess (pp. 293-294).

For language minority students, the appropria-

tion process can be even more arduous than for
other students; till distance they must travel be-
tween discourse worlds is often far greater, owing to

both cultural and linguistic discontinuities (Au, 1980;

Au & Jordan, 1981; Heath, 1983; Mohatt & Erickson,

1980; Philips, 1972, 19643). What makes approp,4:1-

tion so difficult is that discourses are inherently
ideological; they crucially involve a set of values and

viewpoints in terms of which one speaks, thinks, and

acts (Bakhtin, 1981; Gee, 1989). As a result, dis-
courses are always in conflict with one another
some more or less soin their underlying assump-
tions and values, their ways of making sense, their
viewpoints, even the objects and concepts with which

they are concerned. Appropriating a particular dis-
course, then, can be more difficult or less difficult
depending on the various other discourses in which
the students (not to mention the teachers) participate.

In the rest of this paper, we report the method

and results of our study of the effects of the collabo-

rative inquiry approach on students' ways of knowing

and thinking. The data we present are both quanti-

tative and qualitative. The object of our analysis is a

set of problem-solving protocols administered indi-
vidually In the form of interviews with the students in

September 1988 and June 1989.

METHOD

SUBJECTS

Cheche Konnen was pilot-tested in two dis-
tinctly different contexts of bilingual education within

an urban public school system. One was a self-
contained, combined classroom of seventh and eighth

graders in a K-8 school. The other was a basic skills

program within the general bilingual program in a

large high school. These settings represent in micro-

cosm many of the variations that can occur in the

ages, skill levels, interests, and cultural and linguistic

backgrounds of language minority students in an
urban school system.

The city is a multiethnic community that has
offered bilingual education since 1070. Currently,
the city's public schools serve approximately 8,000

students, of whom 1,000 receive bilingual education.

A somewhat larger number of the students in the
system do not speak English at home. The city's
bilingual population is diverse. To address this
diversity, the school system offers bilingual educa-
tion in eight languages at the elementary-middle
school level (Portuguese, Spanish, Haitian Creole,

Chinese, Korean, Hindi, Gujarati, and Vietnamese)
and in five languages at the high school (Portuguese,

Spanish, Chinese, French, and Haitian Creole).

Seventh-Eighth Grade Classroom
At the K-8 school, which houses the city's

Haitian Creole bilingual program and a mainstream
program, we worked with a combined seventh-eighth

grade class. The school has 390 students, one-third

of whom are In the bilingual program. It functions as

an "alternative" school, offering in its mainstream
program a more open-ended and inquiry-based edu-

cational program than that found in most schools.

In September, the combined seventh-eighth

grade had seven students; by January, the number

had grown to 20. The students in this class take their

core academic subjects (e.g., language arts,
mathematics, social studies) in Haitian Creole from

their classroom teacher and instruction in English as
a second language (ESL) from an ESL teacher.
Academically, the students range from a few who
function approximately two years below grade level

to those who cannot read or write in either Haitian
Creole or English. During the year, science was
taught in Haitian Creole by the classroom teachertor

45 minutes three times a week.

The classroom teacher is a native speaker of

Haitian Creole and is fluent in English. She has taught

in the bilingual program for several years. Prior to the

1988-1989 school year, she had only occasionally
taught science; she had no formal training In science.

APPROPRIATING SCIENTIFIC DISCOURSE
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High School Basic Skills Program

The second classroom was in a large urban
high school. The school serves 2,700 students and

is comprised of several "houses." At the time of the
study, the bilingual program occupied its own house

and served approximately 250 students, or about
10% of the student body. Although the number of
language minority students at the high school has
remained relatively stable over the last 10 years, the

ethnic background of the students has changed as

immigration patterns have changed. In 1977, 75% of

the language minority students were Portuguese or

Latino, and 25% were Haitian, Greek, or Iranian.
Today, 42% are Haitian, 24% are Latino, 10% are
Portuguese, and the remaining 24% are Chineee,
Vietnamese, Korean, Indian, or Eritrean.

The high school offers bilingual education flat
in many cases mirrors the curriculum of the regular

monolingual program (e.g., general science, bio'-
ogy, earth science, basic math, pre-algebra, alge-
bra, and geometry). These classes are offered In
French, Haitian Creole, Portuguese, Spanish, and

Chinese. In addition, the bilingual program offers a
basic skills program for those students whose low
academic and literacy skills prevent them from par-

ticipating in the regular bilingual program. This is the

program into which Cheche Konnen was introduced.

The Basic Skills Program is for the academi-
cally weakest students, those who are at greatest
risk for dropping out orfor school failure. Some of the

students in the program are not able to read or write

In their native language or English, and most have

only the most rudimentary mathematics skills and no

previous exposure to science. There were 22 stu-
dents in the Basic Skills Program in the 1988-1989
school year from a variety of linguistic and cultural

backgrounds. Six language groups were repre-
sented: Haitian Creole, Spanish, Portuguese,
Amharic, Tigrinya, and Cape Verdean Creole.

Four teachers worked together in the Basic
Skills Program: two math teachers, an ESL teacher,

and a social studies teacher. The math teachers co-

taught science and mathematics four times a week
during back-to-back periods of 45 minutes each.

One of the math teachers was a native speaker of
Haitian Creole, was fluent in English, had a working

knowledge of Spanish, and had occasionally taught

science in the past. The other teacher was a native

speaker of English, had a good working knowledge

of Haitian Creole and Spanish, and had never taught

science before. Neither had any formal science training.

In this paper, we report the data from those
students who (a) were native speakers of Haitian
Creole,' (b) entered class prlorto November 1, 1988,

and (c) completed the school year. Sixteen stu-
dents met these criteria, twelve from the seventh-
eighth grade and four from the high school Basic
Skills Program.

PROCEDURE

Students in both classes planned and carried
out investigations into local aquatic ecosystems
throughout the school year. The work in the class-
rooms was collaborative on many levels: among
students, between teachers and students, and among

researchers, teachers, and students. As participant

observers, we worked directly with both classes.
Outside of class, we also met regularly with the
teachers to work through both conceptual and logis-

tical problems in the design and development of the

investigations.

As background to their investigations, the stu-

dents studied aspects of the chemistry, biology, and

ecology of local water sources. For example, they

directly studied and evaluated such determinants of

water quality as salinity, pH (what adds and bases
are, how they affect the health of water, how to test

pH, the causes and effects of acid rain), and bacteria

(what they are, what they look like, how to test for

them, associated diseases and health problems);
they analyzed micro- and macroscopic aquatic life;

they studied water treatment (floccing, chlorination,

desalinization), and so forth. The students in the
combined seventh-eighth grade class built on this
knowledge by designing and conducting an investi-

gation into the quality of their school's water. The
high school students designed and carried out afield

study of the ecology of a local pond. We describe
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both investigations briefly below. (For a more de-
tailed discussion and analysis of the investigt ions,

see Warren et al., 1989.)

Water Taste Test
Prompted by their teacher, the students in the

combined seventh and eighth grade class investi-

gated a belief widely held among the school's junior

high students: that the waterfrom the fountain on the

third floor (where the junior high is located) was
superior to the water from the other fountains in the

school. The teacher had noticed that the junior high
students (both bilingual and mainstream) refused to

drink from the first and second floor fountains, claim-

ing that the third floor water was superior. The

teacher challenged her students to investigate their

belief scientifically. Using their belief as a starting
point, the students developed a study that evolved to

include three stages: a class blind taste test, a junior

high-wide blind taste test, and an analysis of the
water in the school's fountains.

Class blind taste test. To determine whether
they actually preferred the third floor water or only

thought they did, the students conducted a blind
taste test of the water f rom the first, second, and third

floor fountains. Neither the teacher nor the students

knew in advance whether the results of the test would

confirm or challenge the students' belief.
As part of the blind taste test, the students

collected data as to which water fountain they thought

they preferred and, after tasting the unmarked
samples, which water they actually preferred. The
students expected that their pre-taste test prefer-

ence, the third floor, would, in their words, "win."
They also expected the first floor water, which is near

the kindergarten and first grade classrooms, to re-

ceive no votes; it was regarded as the worst water in

the school because "all the little kids slobber in it."

When they analyzed their data, however, the
students found that although they all saidthey pre-
ferred drinking from the third floor fountain, in the

blind tasting 2/3 of them chose the water from the first

floor. Neither the teacher nor the students believed
the results, although for different reasons. The

students doubted the data because it not only con-
tradicted their deeply held belief about the superior-

ity of the third floor water, but it suggested that the

water from the first floor, which according to their
myth was the "worst," was preferred. For her part,
the teacher believed that there were no differences

among the water fountains and expected each floor

to receive approximately1/3 of the votes. Therefore,

when the first floor received a majority of the votes,

she suspected that the students had biased the
results by speculating about the identities of the
waters among themselves. This skepticism led the

class to conduct a second experiment with a larger

sample.
Junior high taste test. With minimal guidance

from their teacher, the students planned a larger
water taste test for the rest of the junior high. They
decided where to do the taste test, when, and with
whom. They discussed the issue of water: how to

collect it, how to hide the identity of the sources, and,

crucially, how many fountains to include, deciding
on the same three as before so their data would be
comparable. They worried about bias in the voting

process: what if some students voted twice?
They conducted theirtaste test during lunch on

Valentine's Day. Approximately 40 students partici-

pated. After collecting their data, the students
graphed and analyzed it. They found their earlier
results confirmed: 88% of junior high students
thought they preferred the third floor water but 55%

actually chose the first floor water. To share their
results with the school, the seventh and eighth
graders displayed their graphs outside their class-

room, wrote reports of their findings, and composed

an announcement for the principal to read over the

school's public address system.
Analysis Now the class had a

final problem: Why was the first floor water pre-
ferred? To determine the source of the preference,
the class embarked on an analysis of the school's
water fountains, investigating several variables in-
cluding bacteria and temperature. They found that

au the fountains in the school had unacceptably high

levels of bacteria, and that the first floor (the one

APPROPRIATING SCIENTIFIC DISCOURSE
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most preferred) had the highest counts. The class
reported these findings to a chemist at the local water

authority who suggested that their samples had been

contaminated. He agreed to retest the water on the

condition that the students not share their results
with the local newspaper. Unfortunately, the school

year ended before the chemist was able to retest the

school's water.

In their analysis, the students also found that
the water from the first floor fountain was colder than

the water from the other floors. To account for the
observed temperature difference, they developed a
theory that the water was naturally cooled during the

winter months (the study was conducted in Febru-
ary) as it sat underground in city pipes and warmed

as it travelled from the basement to the third floor. In

the end, they decided that temperature was probably

an important factor in taste preference.

Black's Nook Pond Study
The Basic Skills class in the high school con-

ducted an investigation into the ecology of a local
pond, called Black's Nook Pond. In consultation with

us, the 'eachers decided to combine their goals for
teaching science with their goals for literacy develop-

ment and have the students design and produce a
field guide to the pond.

The investigation started with a visit to the
pond, which was visibly polluted. The students
observed oil on the waters surface and discarded
trash such as bottles and a shopping cart. The state

of the pond concerned them because of its proximity

(about 500 feet) to the city's drinking water reservoir.

As a result, the class decided to conduct a study of

the pond's health as the basis for their field guide.
They generated a list of questions they wanted to
answer, including the following: Was the pond
cleaner in the past than now? Is it clean enough to

drink? How deep is the pond at different places? Are

there any fish? How do the fish get there? Can you

swim in the pond? What kinds of birds live there?
What kinds of animals live there?

To investigate their questions, the class di-
vided into small groups, each of which was respon-

sible for tackling one question. One group designed
and built tools that they used to measure the depth,
length, and width of the pond. A second group
created a profile of the air and water temperatures at

the pond. After much discussion, they decided to
obtain temperature readings at different locations
and depths within the pond in an effort to correlate
temperature and forms of microscopic life. A third
group analyzed the pond's chemistry, measuring its
pH, turbidity, and salinity. A fourth catalogued the
plant and animal life they observed, noting the pres-
ence of water irises, water bugs, bird life, and other
animals, such as turtles and snakes. In class, each
group also constructed an aquarium from plant and
water samples and used it to examine microscopic
life. In the end, the students used their data to
produce the field guide. A sample page from the
guide is given in Figure 1.

FIGURE 1

Esto es to que escribi sobre estos animates.
Este es un gusano que se mira sin el microscopeo.
Es un animal pequeno que se mueve yes largo. El
animal es de color rojo. Hay cosas pequenas
moviendo rapido cerca del animal.

cr AB,

.4*

Este animal se mira sin el microscopeo. Se mira
come puntos. Es un animal pequeno negro y esta
moviendo muy rapido.

Estos son unos animates pequeftos que se miran
sin el microscopeo. Se ven comp puntos estos
animalitos se mueven muy rapido.

e fo ,0 '0 oa `"- Q-.cp P e .0 -
o 112 pr , AO' 00

SAP. A el tf:r

A sample page from the field guide written by
students in the Basic Skills class.'
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ASSESSMENT INSTRUMENTS

We turn now to the research study. The spe-
cific question we address is this: To what extent did

the students begin to take control of the discourse of

science to build their own understandings of the
world? To explore this question, we analyzed proto-

cols from interviews conducted with the students in
September and June for changes in what they knew

and in how they used their knowledge to reason
scientifically. For our purposes, we were concerned

with students' use of hypotheses, explanations, and

experiments to organize their reasoning. This kind of

analysis could be extended to other aspects of
scientific discourse including, for example, the use of

questions, observation, evidence, argument, mod-
els, and theories.

To assess changes in students' scientific lit-
eracy, the students were interviewed individually in

September 1988 and June 1989 on two think-aloud
problems. The interviews were conducted in Hai-
tian Creole by a fluent speaker. The problems used

in the September and June versions of the interview

were identical.

Think-Aloud Problems

For the think-aloud problem, the students were

asked to reason aloud about how they would inves-

tigate and try to explain two ill-defined but realistic
problems. One problem focused on pollution in the
Boston Harbor (the "Boston Harbor problem) and
the other on a sudden illness in a school (the "Sick

Kids" problem). The Boston Harbor problem was
based on a Boston Globe newspaper report, the Sick

Kids problem on an article entitled "Mass hysteria
among schoolchildren: Early loss as a predisposing

factor" (Small & Nichol', 1982).
The problems were chosen to represent differ-

ent degrees of transfer. The Boston Harbor problem

represents near transfer; it asks students to reason
through a problem involving water contamination, a
subject they studied during the school year. it is
therefore a problem to which they can apply directly
knowledge they acquired in the context of the water
quality investigation. The Sick Kids problem repre-
sents far transfer; the students did not study anything

directly relevant to it during the school year. The
question of interest in this case is how they reason
through a problem on a subject they have not explic-

itly studied, that is, whether they have assumed
enough control over scientific discourse to apply it in

unfamiliar domains.

The procedure was as follows. The interviewer

explained to the student that she was going to read

him or her a story about the Boston Harbor or about

what happened to some kids one day in school. After

reading the story, she posed some questions. A
small set of core questions was developed, but the
interviewer was instructed to go beyond them to
probe the students' meaning and answers. The text
of the two problems and the core set of questions are

shown in Table 1.

TABLE 1

Problem 1: Boston Harbor

I'm going to tell you a true story; it's sort of a

mystery. It's about the Boston Harbor. In the last
few years, people have noticed that there is some-

thing wrong with the water in the Harbor but no one

knows exactly what Is wrong.

Fishermen have noticed that there are fewer

fish in the Harbor. And they have seen a lot more

algae. People who spend time near the Harbor
have noticed that the water looks dirty; it is brown

and foamy. It also has garbage in it. Tin cans,
paper, and old food float in the water. Sometimes

you can even see dead fish floating on the waves.

You are a famous scientist. The Mayor of
Boston asks you to find out what is wrong with the
water.

What is the first thing you do?

What do you think might be wrong with the water?
How will you find out if you are right?
Do you have any ideas about how you could make

the water clean again?

Adapted from: Tye, L. (1988, May 16). Boston
Harbor: Cleaning the waters. The Boston Globe.
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Problem 2: Sick Kids

I'm going to tell you another true story; it's a

mystery, too. It's about some children in a school

who get sick and, when it happened, no one knew

what was making them sick.
It happened in a town around here, just

outside Boston. All the children in an elementary
school were watching a play put on by the sixth
graders. Suddenly, a boy in the play fell off the
stage and cut his chin. He said he felt sick and
some teachers carried him to the nurse. Then a
student watching the play got dizzy and fainted.
Then some other students felt sick to their stom-
achs. Suddenly, lots of students were sick.

You are a famous scientist and you live next

door to the school. When the children get sick, the
principal runs over to your house and asks you to
come and find out what is making the children sick.

You agree and go to the school.

What is the first thing you do?
What do you think might be wrong with the chil-
dren?
How will you find out if you are right?

Adapted from: Small, G.W., & Nicholi, A.M. (1982).

Mass hysteria among schoolchildren: Early loss as a

predisposing factor. Archives of General Psychiatry,

39, 721-724.

The protocols were translated from Haitian
Creole to English for analysis purposes? The stu-
dents' responses to the Boston Harbor problem were

coded for (a) specific content knowledge developed
in the context of the water quality investigation, (b)
the number of hypotheses, and (c) the number of
experiments proposed. Their responses to the Sick
Kids problem were coded for the number of hypoth-
eses and experiments only; knowledge was not
considered in this problem because the students did
not study this or related topics during the year. The
number of hypotheses, experiments, and appropri-

ate uses of content knowledge were counted for the
September and June interviews, respectively. The
interviews were coded independently by two raters

who, before undertaking the main coding task,
reached a high degree (95%) of agreement on two
transcripts not included in the analyses. After cod-
ing, the raters met to review their results. Any
disagreements were resolved through discussion.

Content knowiedge encompassed the appropri-

ate use of concepts related to water quality or scien-
tific methods, including reference to possible causes

of water pollution, explanation of their effects, meth-
ods for detecting the presence of pollutants, and the
procedures for applying these methods. As an ex-
ample, we include the following excerpt3 from a sev-
enth grader's June interview in which we coded three

instances of appropriate content knowledge use: (1)

acid as a possible pollutant; (2) a description of how
litmus paper works; and (3) an explanation that too
much acid can cause fish to die.

Example 1: (June/Boston Harbor)
Interviewer:

Elinor:

interviewer:

Elinor:

...are there other things you'd check?

Yes. You can look to see if it was something

add doing that to the water, too.

How do you find out if there's acid in water?

There's a kind of little paper you brought to

show us, you can leave it in [the water]. It's

the color; if it's acid, you'N know according to

the way it's colored. You look to see which is

the most acid and which is less acid. If there

is too much acid in the water killing the fish,

you can look at that to see.

Hypotheses were defined as explanatory con-

jectures, statements that suggest a cause for the
situation described in the problem. Furthermore, to

be counted, they had to be testable, although the
student may not actually have proposed a test.
Hypotheses that reiterated examples (or symptoms)

stated in the problem story were not counted. Each

hypothesis was COLnted only once, regardless of the

number of times it was articulated or rephrased. For

instance, in Example 1 above, acid was counted as

one hypothesis because it was offered as a possible

cause of dead fish and because it is testable. In

Example 2 below, car gas was counted, but spoiled

food, nasty fish, and garbage were not counted
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because they are mentioned in the problem. 'Things they

left in r was not courted because it is not testable.

Example 2: (September/Boston Harbor)

Interviewer: What do you think could make the

water like that?

Guertin.: The things they left in it, like the

spoiled food, and things, the nasty

fish that died, and car gas.

Interviewer: Car gas?

Guertin*: And the garbage they left in.

In looking at experiments, we considered sev-

eral facets of experimentation relevant to the stu-
dents' experience during the water quality investiga-

tion. Much of the students' experience with experi-
mentation consisted of testing water for the presence

of a given pollutant using commercially available
methods (e.g., litmus paper, growing bacterial cul-
tures). They did not have much experience with
classical experimentation (e.g., controls and treat-
ments). For the purpose of this analysis, therefore,
we did not define experiments in the classical sense.

Rather, we looked for the following kinds of evidence

in identifying experiments in the students' protocols:

first, that they knew when and how to apply a given

test in relation to a specific hypothesis; secondly,
that they had the idea that it is necessary to isolate a

variable, even if they did not know how to do so in a
controlled way; thirdly, that they had some notion of

treatment (that is, of doing something to someone or

something that will produce the expected effect).
Clearly, if students defined more rigorous experi-
ments, we counted them as well.

Example 3 contains an experiment testing for
the presence of fecal coliform bacteria. (Caroline's
description of this experiment is a heavily context-
dependent reference to fecal coliform bacteria tests

performed in class using Millipore Samplers.) In

contrast, in Example 4, Tony does not put forward
any experiments. His response to the interviewers
question is an assertion of fact rather than a proce-

dure for testing an idea.

Example 3: (June/Boston Harbor)

Interviewer: Can you think of another reason the fish

might die?

Caroline: If the water had too much fecal in it?

Interviewer: How would you know if it had fecal in it?

Caroline: I'd take the water and putit in the same thing

we had to see if the water had fecal in it

(referring to a Millipore Sampler). I would put

it in, then the same (...), after that I would

look at it.

Example 4: (September/Boston Harbor)
Interviewer: What do you think might have made the fish

die?

Tony: Because the garbage is a poison for them.(...)

Interviewer: How would you know if it were the garbage

that was making the foam and the fish uie?

Tony: The garbage made the fish die.

Interviewer: How would you make sure?

Tony: Because fish don't eat garbage. They eat

plants under the water.

RESULTS

In this section we report the quantitative results

forthe two problems. In the discussion following this

section, we will consider the results from a broader,

more qualitative perspective, examining in detail
some of the changes in students' discourse from the

beginning of the year to the end. The following results

focus on changes in what the students knew and in
how they used their knowledge to reason scientifi-

cally in terms a! hypotheses and experiments.

CONTENT KNOWLEDGE

For the Boston Hf 'oor problem only, paired t-

tests were performed to compare students' use of

content knowledge about water quality in Septem-
ber and June. There was a significant increase in
the number of appropriate uses of content knowl-
edge in the June interviews (Figure 2). The mean
number of appropriate uses of content knowledge

increased from 0.50 in September to 5.75 in June
(t=8.72, p<.001).
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Mean number of concepts related to water quality
mentioned spontaneously by students in Sep-
tember and June interviews for Boston Harbor
problem (t.8.72, p< .001).

HYPOTHESES

Paired t-tests were also performed on the num-
ber of hypotheses the students generated in the
September and June interv'sws. In both the Boston
Harbor and Sick Kids problems, the mean number of
hypotheses put forward increased significantly from
Septemberto June. The results for each problem are
shown in Figure 3. For the Boston Harbor problem,
the mean number of hypotheses increased from 1.7 in

September to 4.2 in June (t=8.26, p<.001). Similarly,

for the Sick Kids problem, the mean number of hy-
potheses was 1.9 in September and 3.8 in June
(t=7.3, p<.001).
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Mean number of hypotheses produced by stu-
dents in September and June interviews for the
Boston Harbor and Sick Kids problems, respec-
tively (t.8.26, p< .001 and 1-7.3, p< .001).

EXPERIMENTS

For each prcalem, we also found a significant
increase in the mean number of experiments (see
Figure 4) as defined in the previous section. For the
Boston Harbor problem, the mean number of experi-

ments proposed was .88 in September and 3 in June
p.001). Forthe Sick Kids problem, the results

were similar: a mean of .88 experiments in Septem-

ber as compared with 3.6 in June (t .11.0, p<.001).

FIGURE 4

(0

Sids Kids
0

6

(3.6)

4

2 ( 0.

0
1

upsebor hob

Mean number of experiments proposed by stu-
dents in September and June interviews for the
Boston Harbor and Sick Kids problems, respec-
tively (tm7.1, p< .001 and t.11.0, p< .001).

All in all, the results suggest that the students
knew more in June than in September and that they

were better able to organize their reasoning around

hypotheses and experiments. A closer look at the
students' protocols will help us understand more
deeply the nature of those changes and, in particular,

whether the students were beginning to acquire
some degree of control over scientific discourse as a

way of thinking and talking.

DISCUSSION

The foregoing results suggest that in June the

students' reasoning had changed. But it is not easy
to tell from such results in what ways specifically it
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has changed or why. From a discourse perspective,

we want to know if, in general, the students' ways of

talking science are different in June than in Septem-

ber and, if so, why they are different. Specifically,

what kinds of discourse strategies do they use to
organize what they know into hypotheses, experi-
ments, and explanations?

SEPTEMBER INTERVIEWS

As the numerical results from tne September
interviews attest, at the beginning of the year the
students did not reason scientifically: They offered
few hypotheses and even fewer experiments. But
what do we mean when we say their reasoning was

unscientific, that they did not talk scientifically? How

did they reason through the problems? To address

this question, we examine the discourse strategies
they used to answer the interviewers questions,
particularly those that were intended to elicit hypoth-

eses and experiments.

Asked in September, "What could be making
the water like that (i.e., full of garbage, foam, dead
fish)?" or "What could be making the children sick?",

the students, with few exceptions, tended to respond

with short, unelaborated, often untestable hypoth-
eses that simply restated the phenomena included in

the problem description.

Example 5: (September/Boston Harbor)
Interviewer: What do you think might make the water like

that?

Marie Roe.: People throwing garbage in it.

Interviewer: How would you make sure it was people?

Marie Rose: I'd take the garbage out and tell thorn not to

throw it in again.

Interviewer: Why do you think the fish dad?

Marie Rose: Because they threw dirty things, stinky things

in it.

Example 6: (September/Sick Kids)
Interviewer: Why do you think they all got s ick at the same

time?

Laura: That's a thing.

Interviewer:

Lauri):

Interviewer:

Laura:

What kind of thing?

Ah, I could say a person, some person that

gave them something.

I don't understand.

Anything, like give poison to make his stom-

ach hurt.

These examples are typical of the students'
responses. They invoke an anonymous agent,
"people," as the c.luse of the pollution or the sudden

illness among the schoolchildren. Most of the hy-
potheses they put forward are of the "black box"
variety: "something" they left in, a "thing," even a
"poison" which, although semantically richer by defi-

nition, is functionally equivalent to the other terms
(i.e., poison makes the children sick). Not one of
these notions has any explanatory power. None
therefore qualifies as a hypothesis by our definition.

These examples suggest that the students are
relying on two discourse strategies to address the
interviewers why-questions. One is to invoke anony-

mous others ("they," "someone," "people") as the
cause of the problem. Another is to treat the symp-

toms as the cause, literally to extract items from the

problem story itself and assert them as the cause of

the harbor's problem ("garbage"). And, having iden-

tified a particular agent, however vaguely defined, the

students do not then pursue any further analysis. It is

as if they are saying: "'You asked me a question and

I have given you the answer. What more is there to

say?" In virtually every case in the September inter-

views, the students stayed at the surface of the
problem, treating it as if it were a text that had all the

answers. Their job, as they saw it, was not to reason

through the problem but simply to locate and identify

the answers in the text. Thus, in September, it seems

clear that the students do not have a strong sense of

what counts as a reasonable hypothesis or explana-

tion. Put more strongly, at the beginning of the year,

the students do not have any sense at all of what a
hypothesis is functionally, let alone formally, in science.

The students' text comprehension strategy Is
not surprising if we consider the kinds of worksheet-

and textbook-based practices to which they are ac-
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customed in the typical American classroom. If any-

thing, the students' school experiences in Haiti, where

rote recitation and memorization are the nile, were
even more restrictive. These prior schooling experi-

ences had not prepared them fo r active, critical inquiry

of the kind that is characteristic of scientific practice.
Another strategy was also in evidence in the

September interviews. Students used the discourse

strategy of invoking personal experienceeither
firsthand experiences or secondhand storiesto
organize their answers to questions calling for ex-

periments. In these cases, they invoked personal
experiences as evidence to justify a particular hy-
pothesis (cf. Michaels & Bruce, 1989). A few ex-
amples of this kind of reasoning follow:

Example 7: (September/Boston Harbor)
Interviewee: How would you find out what kind of poison

it was?

Elinor: i don't know what kind of poison it is, but what

makes me say it is that in Haiti they used to

drop something in the water and the fish

would die and they said it was poison, too.

Example 8: (September/Boston Harbor)

Interviewer: How would you find out if you were right?

Louis: And people might have thrown in things to kill

them, too.

Interviewer: Like what?

Louis: In Surinam there's a thing the people do, they

leave something in the water. You need fish

to eat row, they leave it in the water and, you

see people don't know, but it Is they who did

it. The next day you see a lot of fish and they

go sell them.

Interviewer: Mm. How would you know it was because of

that that the fish died? You see the fish we

dying, you think it might be that, how would

you check?

Louis: Because the water got black..

Example 9: (September/Sick Kids)

Interviewer: ...How would you know if it's that [the food)?

Marie Elsie: I don't know. Sometimes when I ate here at

school, they gave me food I didn't like, and it

didn't...suit my body, and I got sick.

These examples, which are representative of

the September protocols, suggest that at the start of

the year the students did not have any sense of
experimentation as a critical, hypothesis-testing pro-

cess. Intact, they did not take up the interviewer's bid

at all (see immediately following paragraphs for more

on this point). Rather, the students seemed to be
conceptualizing evidence not as data produced
through experimentation but as information already
known, either through personal experience or sec-
ondhand sources. The evidence offered Is not, in
these examples, even common knowledge; it is
personal knowledge, plain and simple.

The recourse to personal experience is actu-
ally only one instance of a more general strategy for
dealing with "How would you be sure?" questions in

the September interviews. This question actually
took several forms, among them: How would you
make sure (you were right)? How could you check to

see if your idea was right? How woufel you know it's

because . . . ? How could you know it's true? The
intent of these questions was to elicit experiments or

other analytic methods (e.g., microscopic analysis,
observation) that could help in evaluating a given
hypothesis. It also led, as we have just seen, into
questions of evidence: What would it take to confirm

or disconfirm a given hypothesis?
The students' responses to the experiment-

elicitation questions in September suggest that they
did not interpret them in the way they were intended,
as calling for experiments. Rather, they interpreted
them as calling for an explanation or an assertion of
their knowledge: How do you know? Why do you say

that? What did the story I just told you say about this?

Some examples follow:

Example 10: (September/Boston Harbor)
Johnny: It's because the water is dirty that

the animals are dying. If the water

weren't ciriy, the animals wouldn't

be dying.

( )
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Interviewer:

Johnny:

How would you be sure, make sure

that it's that that made the fish die?

It's because of that, because the

water is too dirty.

Example 11: (September/Sick Kids)
Interviewer: OK. You said something they ate made them

sick. How would you be sure it was because

of that that they got sick? How would you

check? How would you know?

Louis: Because he ate something bad at home.

Then, he might have had an illness and the

doctor had given him a pill but he didn't take

it. That might have caused it. Then he might

have taken too many pills which made his

head swim. Then he might have had a

seizure.

As these examples make clear (see also Ex-
ample 4), the interpretation of the experiment-elicita-

tion question as a call for an explanation or an
assertion of knowledge was a favored one among

the students in September. That they are interpret-

ing it in this way is most clearly revealed by the way

each one explicitly marks his or her answer as an
explanation. Note how in each example, the stu-
dents use "because" to initiate virtually everVum.
We see this over and over again in the Septimber
protocols. Moreover, the explanations, as we have
seen before, are drawn from the text of the problem

story, from prior knowledge, and from narrative in-
vention. Like the students' earlier hypotheses, they

have no explanatory power.
A similar interpretation was in evidence in the

context of another question with which the Interviews
typically opened: "What is the first thing you would
do?" Several students interpreted this question to
mean, "What do you think happened?" rather than
"What would you, as the scientist, do first?":

Example 12: (September/Boston Harbor)
Interviewer:

Ezekiel:

What's the first thing you do?

What happened in the water, there was a

poison in the water, so that people can't

wash, it put something in the fish so they

Interviewer:

Ezekiel:

Interviewer:

Ezekiel:

die. AN the fish died because the water

was spoiled. Because it's dirty.

What kind of poison?

A poison for water, they put it in to make

the water dirty, so all the water will be dirty.

Why would they do that?

If someone wanted to kill someone, he

needs to kill the person, he can't figure out

in what to do it, he kills him in a water.

Example 13: (September/Boston Harbor)
Interviewer: What's the first thing you do...to find out

what's wrong with the water?

Guertin*: Because...

Interviewer: What's the first thing you do?

Guertin.: They dropped nasty things in the water,

like garbage...that's why the fish can't live,

because they die....The water gets dirty

and then the fish can't live, they die.

On first glance, putting forward an explanation

is not necessarily an unproductive response to the

opening question, if it is intended as a hypothesis that

initiates further inquiry. But the language of the
students' responses does not invite the inference

that they are proposing a hypothesis which they will

then evaluate. Rather, as we have seen in earlier

examples, their discourse is the discourse of school.

They are literally trying to explain what happened, as

if they were answering a reading comprehension

question. Questions of the "What happened?" vari-

ety, it hardly needs to be noted, are among the most

prevalent kinds of questions in most school literacy

tasks (Durkin, 1978-79).

To summarize, then, in the September inter-

views, students showed almost no e' Bence that
they understand what it means to reason scientifi-

cally and, specifically, to put forward hypotheses
having deductive consequences that can be evalu-

ated through experimentation. Instead, it is as if they

have determined that the discourse context in which

they find themselves is no different from that of most

school tasks, in which literal comprehension is val-
ued over inferential reasoning and in which ques-
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tions are asked by a knowing adult to ascertain
whether the student knows the right answer. As we

have seen repeatedly, the students do not adopt the

perspective suggested to them by the interviewer in

her introduction to the problem: "You are a famous
scientist . . . . What is the first thing you would do to

find out what was wrong with the water?" Nor do they

show any tendency to analyze the information given,

to go beyond it, unless it is to use personal experi-
ence as evidence for a particular belief. Rather, they

limit the range of their thinking to what is contained

within the problem as given.
In contrast to everyday school discourse, the

discourse of conjecture and experimentation calls
for critical, analytic evaluation of given information or

evidence: What are the symptoms? What could
possibly explain them? How can I evaluate my
ideas? It remains to be seen to what extent in the
June interviews the students began to take control of

scientific discourse.

JUNE INTERVIEWS

The quantitative results reported earlier clearly

suggest that the June interviews differ significantly
from the September ones. In this section we will
examine, again through examples of students' talk,

changes in their knowledge and in the ways they use

their knowledge to organize their reasoning in terms

of hypotheses, experiments, and explanations.

In June, the students are beginning to reason in

terms of a larger explanatory framework. They know

more about water pollution and aquatic ecosystems

than in September, and they use that knowledge to

generate explanations and hypotheses. In the fol-

lowing example, Marie explains how she would clean

the water, describing in fairly precise chemical detail

how she would rid the water of bacteria and other matter:

Example 14: (June/Boston Harbor)
Interviewer:

Marie:

Interviewer:

Marie:

What would you do filet

I'd clean the water.

You'd clean it? How?

Like you look for th things, take the garbage

out of the water, you put a smears to block oil

Interviewer:

Marie:

Interviewer:

Mario:

the paper cad stuff, then you clean the water,

you put chemical products In it to clean the

water, and you'd take all the microscopic life

Out

What chemical products would you put In?

Chlorine and alum, you put in the water.

What would that do?

They'd gather the little stuff, the little stuff

would stick to the chemical products, and

they would clean the water.

In the example, Marie paints a chemically accu-

rate account of how alum works in the process of
flocculation: It "gather[sJ the little stuff, the little stuff
would stick to the chemical products . . . " How did
she learn this?From a tour of the local water
treatment plant in February, which was conducted in
English by one of the plant's chemists. It is striking
that in Junefive months latershe is using that
knowledge productively and spontaneously. Also
note that Marie wasn't asked in the interview how she
would clean the water; she was simply asked what
she would do f irst. it is dear f rom this examp4e, which

is one of many, that students knew more about water
quality and treatment in June than in September.

Students also used their newly acquired knowl-

edge to generate hypotheses. Recall how in Sep-
tember the students' hypotheses often repeated
facts reported in the problem story itself. The rare
original hypothesis was unelaborated and, more
often than not, untestable. In the June interviews, a

different explanatory strategy emerges. Not only do

the students put forward more testable hypotheses,

but they begin to link them to the larger aquatic
ecosystem. For example, the September hypoth-
esis that garbage caused the fish to die is elaborated

in the June interviews of several students in terms of

the effects of waste disposal systems on local water
sources:

Example 15: (June/Boston Harbor)
Interviewer: What do you think could make the water like

that?

Lame: Like the things people flush, and like when

you finish in the kitchen, the dirty water,
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garbage would enter into the water. The

water would be contaminated and now It

wouldn't be any good for people to use.

Interviewer: What do you think could make the fish de?

Laurel: Like what comes out of the bathrooms and

what comes from the kitchen mixed together.

They'll mix together. Because there are
certain things you use in the kitchen that fish

don't eat.(...)

Interviewer: But, like, I don't understand exact), how the

garbage kills them.

Lours: The garbage could have other things in it,

too. Chemical products could kill them too,

maybe.

In this representative June interview example,
Laurewho talked about "things" in the September
interview--identifies waste disposal systems as a
possible source of contamination by linking every-
day household activities such as flushing to the
Harbors pollution. What is significant here is the way
in which she uses a larger explanatory framework
generatively to formulate her hypothesis and then to
specify it in terms of chemical products as a possible

cause of the Harbor's pollution. Laure's response
suggests that she is beginning to understand that
hypotheses do not come out of nowhere; they are not

the product of naive observation, nor are they simply
guesses. Rather, they are informed conjectures,
generated from a larger conceptual framework, that
have the power to explain observed effects. Note,
too, how Laure no longer ascribes the problems in
the Harbor to anonymous agents as she did in the
September interview. In the June interview, ordinary
people are responsible, or the systems that serve
them are, not bad people or other unusual agents
intent upon doing bad things to others.

The larger system framework was also invoked
for other hypotheses. For example, some students
speculated that high acidity levels might be killing the

fish. When asked how acid can kill fish, Elinor
explained:

Example 16: (June/Boston Harbor)
Elinor: The acid can kill if its too strong. Like if it's

used to living in a water that doesn't have...

that has a little bit of acid and you leave

something In it that is more acid, it can de.

This awareness of system was also in evi-
dence In other parts of the June protocols. Later in
her interview, for example, Elinor explains how water

could be cleaned using a machine that filters it. The
interviewer asks her what she would do with all the
bad stuff the machine extracted from the water:

Interviewer:

Elinor:

Interviewer:

Elinor:

And what would you do with the bad stuff?

When you finish you'd take it out, out of the

machine.

And where would you put it?

You can't leave It on the ground. If you leave

it on the ground, the water that, the earth has

water underground, it will still spoil the water

underground. Or when it rains it will just take

it and, when it rains, the water runs, it will take

it and leave it in the river, In where the water

goes in. Those things, poison things, you

aren't supposed to leave It on the ground.

Elinor's answer reveals that she has begun to
develop a model of an integrated water system in
which an action or event in rine part of the system
(e.g., "when it rains") has consequences for other
parts of the system (e.g., the water "will take it [the
bad stuff] and leave it in the river").

These examples of change from September to
June are at least in part attributable to changes in the

students' knowledge base: They know more about
water and aquatic systems than they did at the
beginning of the year. But knowledge alone cannot
explain the fact that the students put forward more
hypotheses and experiments in the June Sick Kids
interviewsa topic they did not study during the
year. Rather, taken together, the results suggest
that the students are doing more than acquiring
factual knowledge; they suggest that students are
beginning to be enculturated into a new discourse
community in which conjecture and experimentation

are characteristic modes of inquiry. What is the
evidence for this claim?

In both problems In the June interviews, the
students tend to put forward a chain of hypotheses of

APPROPRIATING SCIENTIFIC DISCOURSE
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the "if not this, then this" or the "I'd check this and this"

variety. In the Sick Kids problem, they enumerate
such possible causes as illness, air, water, and food,

as in the following examples:

E.xample 17: (June/Sick Kids)

Interviewer: What do you think might be making the

children sick?

Elinor: (Laughs) I'd think it would be an illness some-

one had and he infected the ones sitting next

to him, like one at next to the other and got

it and the next got it until everybody got it... or

if, something they ate, each might have eaten

something, the same thing, the thing didn't

agree with them.

Example 18: (June/Sick Kids)

Interviewer: What would you do to know what was making

them sick?

Like, you could test to see what the kids had

eaten and, like, test the water, too, it could be

a water that wasn't good, that had microbes,

that might have microscopic animals that the

children drank that made them sick.

As you can see, the character of the students'

hypotheses about the cause of the Sick Kids phe-
nomenon has changed. As In the Boston Harbor
problem, in the June interviews they are putting
forward testable hypotheses (e.g., illness, food, wa-

ter), and they are not invoking outside agents to
explain the problem. This result holds true for all
sixteen students on the Boston Harbor problem and

for fourteen on the Sick Kids problem. Moreover, the

conditional language (the Ifs," "woulds," and "coulds")

they use contrasts sharply with the at once assertive

yet vague language they used in the September
interviews (e.g., "What happened was," "Someone
dropped something In," "Because"). What this sug-

gests to us is that the students are becoming aware

of the probationary status of hypotheses as a meth-

odological tool in scientific inquiry.

In summary, then, in the June interviews, the
students go beyond the Information given to put
forward hypotheses that are at once explanatory and

testable. They are no longer bound, as in the
September interviews, to the problem statement for

their answers. Hypotheses now serve to give direc-

tion to their inquiry, to link stated symptoms to
possible causes and to confine the domain of obser-

vation to something smaller and more precise than
the phenomena noted in the problem. Moreover,
there is the sense from the students' languagein
the way they put forward more than one hypothesis

and in their use of conditionalsthat they are be-
coming aware of the tentative character and method-

ological function of hypotheses; hypotheses do not
guarantee answers but they do help delimit the
scope of one's inquiry. Indeed, as we shaii see
shortly, the students' June protocols suggest that
hypotheses now function as part of a larger inquiry

process linking conjecture and experimentation. In
the rest of this discussion, we focus on the ways the

students participating in the June interviews inter-

preted and responded to the "How would you be
sure?" questions (i.e., those that were Intended to

elicit experiments and evidence).
Recall how in the September interviews the

students interpreted the "How would you make sure/

How would you check?" and also the 'What's the first

thing you'd do?" questions as calling for an explana-

tion based on the facts of the story as given or for an

assertion of personal knowledge. They did not
interpret those questions as calling for experiments

or other forms of analysis. In the June interviews,
students respond to these questions In a distinctly
different way, suggesting various analytic proce-
dures and, in several cases, explicitly linking them to

a specific hypothesis (e.g., bacteria, water flow):

Example 19: (June/Boston Harbor)
Intwviewer: How would you find out if what you think is

true?

Caroline: ...I would follow, I would look to see what kind

of thing was next to the water, if there was

water that was coming from other places into

the water.

Example 20: (June/Boston Harbor)
Intervieww: What's the first thing you would do?
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Louis: What would I do? I'd take the water and I

would see what It has In It, if It has, bacteria,

I'd see If It had bacteria In it.

In these examples, the students are now treat-
ing the facts recounted in the problem as evidence in

need of an explanation rather than as the explana-
tion itself. One of the students proposes to begin her

analysis by monitoring the flow of water Into the
Harbor; the other proposes to analyze the water for
bacteria content. In both cases, the actions they
suggest are exploratory but directed, two qualities
that are clearly marked in their discourse through
verb tense and selection: 1 would lock to see . ii
there was water that was coming from other places
into the water." "I would see what it has in it ... I'd see
if it had bacteria in it." Given what they know about
water systems in general and about polluted water
systems in particular, they have an idea an "imagi-
native preconception" in Medawar's (1987, p. 122)
phraseof what they might reasonably expect to f Ind.

Similarly, in their June responses to the ques-
tion, "How would you check?", the students begin to
reason in terms of experiments, in the simple sense
we defined earlier. Most involved testing one vari-
able without controlling for other variables, although
several did build in explicit comparisons. In the
following example, one student, having hypothesized

a cause (garbage) for a reported effect (dead fish),
then describes her experiment, the goal of which is
to reproduce the effect (the fish die):

Example 21: (June/Boston Harbor)
Interviewer: Okay, but how would you make sure what

you think Is true?

Caroline: I would take a little garbage in the water, I

would take a fish and then give it to it to eat

to see if it would die.

Interviewer: What it If doesr! die?

Caroline: If it doesn't die, ifs another reason.

What is significant about Caroline's reasoning

is the step forward it represents from the September

interviews where the students had no sense of the
critical connection between conjecture and experi-

mentation. To be sure, she still has some distance
to go to refine her experimental logic. In its current
form, it is as if the goal of her experimentation is to

produce the expected effect, not to understand Its
cause. Nevertheless, what is clear Is that, whereas

in September, the students viewed their problem-
based or personal knowledge-based explanations
as sufficient evidence to explain phenomena, in June

they seem to be developing some sense, if still

incomplete, of the way in which conjecture and
experimentation function in scientific inquiry. This is
perhaps most evident in the last line of the example

when Caroline acknowledges iteration as part of the

inquiry process. Her use of iteration to generate a
new hypothesis, "reason" Is her term, is especially
significant in light of the students' initial reaction to
the results from the first Water Taste Test when they

felt strongly that there was something wrong with the

experiment but did not consider the possibility that
their belief itself could be suspect. In the June
protocol, Caroline's reasoning suggests that she is
very much aware that hypotheses drive scientific
inquiry and that experimentation is a means 'for
developing evidence. Evidence is no longer c.oncep-

tualized simply as information already known or
given, as in the September interviews, but as the
product of experimentation undertaken to determine

the value of a specific hypothesis.

Not all the one-variable instances were of this

simple type, however. In a few cases, the students
embedded the testing of variables in an iterative
process, in which one variable after.another would

be tested until the reported effect was produced. In

some other cases, the students went beyond this
simple model and built contrasts into their experi-
mental design, as in the following example:

Example 22: (June/Boston Harbor)
Laura: I'd put a fish in fresh water and one fish in a

water full of garbage. I'd give the fresh water

fish food to eat and the other one in the nasty

water, I'd give it food to eat to see if the fresh

water, if the one in the fresh water would ale

with the food I gave it, if the one in the dirty
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water would die with the food I gave it.

Interviewer: Would you give them the same food? What

would you give the second one?

Laura: The second one, yes. I would give them the

same food to see if the things they eat In the

water and the things I give them now, which

will make them healthy and which wouldn't

make them healthy.

Interviewer: ...What do you think you would find?

Lauri: I see the one in the clean water might sooner

not die than the one in the salty, the dirty

water. Because I see, I wouldn't have some-

thing in the dirty water and then see the one

in the fresh water die and the other survival

I wouldn't think that. I'd think the one in fresh

water has more vitamins In it than that, be-

cause the one In the dirty water eats any

garbage it finds under the water. The other

one doesn't eat just anything, he only eats

what I give him.

In this example, Laure explicitly builds a treat-

ment into her design to evaluate the effects of gar-

bage; a strong notion of contrast permeates her
description (dirty water versus clean wafer; garbage

or unhealthy food versus healthy food). Moreover,
she is quite clear on what she expects to find and

why. Specifically, she has thought through the
deductive consequences of her hypothesis and shows

that she understands her experimental design, the

key phrase being: The other one doesn't eat just
anything, he only eats what I give him."

To summarize, in the June interviews there is a

distinct change in the students' scientific knowledge,

reasoning, and discourse. They clearly show that
they have acquired knowledge about aquatic eco-
systems and that they can use that knowledge pro-
ductively for scientific inquiry. They no longer limit

the range of their thinking to the problem as given.
They reason in terms of a larger system where that
system is part of their knowledge base, as in the
Harbor problem. Furthermore, they use hypotheses

to organize and give direction to their reasoning. And

they have begun to develop a sense of the function

of experimentation in producing evidence to evalu-

ate hypotheses.
That the students have begun to acquire a new

discourse is perhaps most evident in the voice they

use as they answer the interviewer's questions, in
the September interviews, much of the students'
discourse was enacted through the omniscient third

person, with occasional uses of the first person to tell

stories from personal experience. In the June inter-

views, in contrast, it isthe first person that dominates,

but it is an "I" distinctly different from the "I" occasion-

ally heard in the September iirterviews. In June, as
several of the preceding examples have shown, the
"I" now functions authoritatively, that is, as the voice

of an active problem solver.
As we have tried to suggest in this paper, the

problem of trying to make sense in science (as much

as in other disciplines) is in many respects exactly
this problem of finding a VOIC9, or controlling a new

discourse, through which one can express one's own
intentions, knowledge, experiences, and values. As

Cazden (1989) has suggested, following Bakhtin
(1981), the struggle is not just to learn new ways of

thinking, acting, and using language but ways of
appropriating particulardiscourses and the values of

the contexts with which they are associated to one's

own purposes. From the foregoing results, we hope

it is clear that for these students, as for any students,

learning to tellin Medawar's phrasegood stories
in science is not simply a matter of mastering a
particular syntactic or explanatory form, as is typi-
cally emphasized in English as a second language

instruction. Rather, learning to think and talk scien-

tifically is a matter of understanding the approach to

knowledge and reasoning, and the values and as-
sumptions that science embodies, and of finding a
way to accommodate one's purposes and values
alongside those of the scientific and the school
cultures. Authentic scientific activity, of the kind
realized in Cheche Konnen, is a means to that end.
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ONGOING RESEARCH

We are continuing our investigation of scientific

sense-making among Haitian seventh and eighth
graders. During the 1990-91 school year, these
students used traditional Haitian drums to investi-
gate the relationships among acoustics, mathemat-

ics, and music. They explored the concepts of
frequency, loudness, time, and pitch by experiment-

ing with different sounds and studied the concept of

ratio by listening to and analyzing different rhythms.

The students' scientific investigation coincided with

the production of a school play based upon a well-
known Haitian folktale. The young scientists pro-
vided mu:':, for the pray in the form of traditional
Haitian drumming, and they prepared an exhibit on

drum-making and Haitian drum rhythms for display
during the performance.

In this study, we are focusing our analyses on
the orchestration of classroom dialogue and joint
activity in order to understand how students' scien-

tific understanding of sound and pitch is socially and

linguistically mediated. The classroom teacher has

been an active participant in the research effort and
has spent the past year working at TERC (Technical

Education Research Center) while on sabbatical.

The participation of teachers is a significant
part of the research effort. Our collaboration is
organized around a seminar on scientific sense-
making in which we address such issues as how
students and teachers can build a culture of authen-

tic scientific practice in language minority class-
rooms. In the seminar, the teachers do science;
explore what science is and how scientific knowl-
edge is constructed; and analyze and redefine their

own classroom practice in relation to their work in the

seminar. As a group, we are analyzing the video-
tapes from the teacher seminar and the teachers'
classrooms to further our understanding of how
students and teachers appropriate scientific ways of

thinking, knowing, and talking.

NOTES

'Latino and Portuguese students were not in-
cluded in these analyses because of flaws in the
June interview process. Two students, one a speaker

of Amharic, the other a speaker of Tigrinya, were not

interviewed.

2The original protocols in Haitian Creole are
available as part of the working paper on which this

article is based (Rosebery, Warren, &Conant, 1991).

31n all excerpts presented here, the following

transcription conventions are used:

- pause
(...) = unintelligible

[ j = text inserted by authors for clarification

'Translation of Spanish in Figure 1:

This is what I wrote about these animals.

This is a worm looked at without a microscope. It is
a small animal that moves and is long. The animal is

red. There are small things moving rapidly near the
animal.

This animal may be seen without a microscope.
They look like dots. It is a small black animal and it
moves very fast.

These are small animals that may be seen without a

microscope. They look like dots and these little
animals move very fast.
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