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At the college level, to become literate ig in my
n

ways to learn the patterns of knowing about, and behaving toward, o,
within a disciplinary field (Bartholomae, 1985; Berkenkotter, Huckin, ants
Ackerman, 1988; Bizzell, 1982; Geisler, 1990; Herrington, 1985, 1992). SCho]d
ars from a wide variety of subject areas have acknowledged that Within 4,
disciplines, texts are best seen not as static, autonomous entities byt a4 fo
of dynamic rhetorical action: Authors create texts and readers read texts in ,
complex of social relationships, motivated by goals sanctioned (or NOY) by h
surrounding culture, to achieve purposes that are always in the broades;
sense persuasive. Disciplinary texts, like all texts, are intensely situated, rif,
with purpose and motive, anchored in myriad ways to the individuas and
the cultures that produce them. This is true not only for texts within the hy.
manities and softer social sciences (e.g., see Belsey, 1980; Fish, 1980; Tomp-
kins, 1980, in literary theory; Geertz, 1983, in anthropology; Grice, 1975,
Nystrand, 1986, in linguistics; Brown, Collins, and Duguid, 1989; MiShler,
1979, in psychology) but also those within “harder” disciplines such as eco.
nomics (McCloskey, 1985), physics (Bazerman, 1988), and —more to my pur-
poses here—the life sciences (Gould, 1993; Latour, 1987; Latour and Woo-
gar, 1979; Myers, 1985, 1991; Selzer, 1993).

Bruno Latour (1987; Latour and Woolgar, 1979), in particular, has been
concerned with understanding how scientific facts (codified and reproduced
as written texts) come to be seen as freed of the circumstances of their pro-
duction. His work, along with others’ (Bazerman, 1988; Gilbert and Mulkay,
1984; Myers, 1985), has shown scientific activity, and its resultant facts and
theory — presented in the form of written texts—to be highly rhetorical and
scientists themselves to be motivated and committed agents in this enter-
prise.! A great number of studies of science have focused on discourse—con-
versations and lab notes as well as conference presentations and formal ar-
ticles—as both the means of scientific activity and the best way to study the
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scientific enterpr ise (e.g., Blakeslee, 1992; Gragson and Selzer, 1990; Herndl,
fennell, and Mllle'r, 1991; Winsor, 1989). In short, much of the real work of
science is the creation and dissemination of texts, broadly conceived. In addi-

tion, other studies of scientific discourse (Fahnestock, 1986; Gilbert and
Mulkay, 1984) have suggested that scientists adjust the strength of their

claims depending on the audience: Texts meant for scientific insiders hedge
and qualify claims, while texts for lay persons and other outsiders strip out
such qualifiers, making claims seem more certain and less open to question.
Experts within scientific domains, then, draw upon rich representations of
discourse as a social and rhetorical act, what Geisler (1991) has called socially
configured mental models, as they create and interpret texts and as they
judge the validity and usefulness of the information within them.

LEARNING ABOUT LITERATE ACTIVITY IN THE SCIENCES

One of the things students of science must become privy to, as part of their
disciplinary education, is this rhetorical, contingent nature of written scien-
tific discourse. Science educators at every level have been concerned with
fostering students’ cognizance of the contexts, conduct, and purposes of sci-
ence as well as its factual content (Fensham, 1985; Mitman, Mergendoller,
Marchman, and Packer, 1987; National Academy of Sciences, 1989). Mitman
et al. (1987) have defined the components of “scientific literacy” as not only
the mastery of scientific facts and concepts, but an understanding of “the
evolving contributions of individual scientists and groups of scientists,

the social communities and historical settings in which scientists work”

(p- 630) and the place of science within “the broader contexts of human en-

deavor” (p. 612). In general, these educators have argued that in order to un-
derstand, use, and judge scientific content—and, of course, scientific content
remains of vital importance to science educators—students need a meta-
understanding of the motives of science and scientists and the history of sci-
entific concepts. That is, a rhetorical understanding of the human enterprise
of science, as well as the texts that constitute and reflect that enterprise
should be bound to the learning of scientific facts.

The educational task of helping students recognize the human nature of
scientific activity and rhetorical nature of scientific texts may be part of a
larger problem in academic literacy for students: a “myth” of autonomous
texts that seems to operate in academic settings at every level. This myth has
been well described—and well critiqued—in other contexts by Nystrand
(1987), Cazden (1989), Brandt (1990), and Farr (1993). In general, the belief in
autonomous texts views written academic texts as discrete, highly explicit,
even “timeless” entities functioning without contextual support from author,
reader, or culture. Research studies by Applebee (1984), Geisler (1990), Haas
and Flower (1988), Hynds (1989), Nelson (1990), and Vipond and Hunt
(1984), among others, have suggested that beginning college students ap-
Proach academic tasks as if they believe that texts are autonomous and con-
text free. Treating texts as if they are autonomous may be facilitated both by
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i ldberger,
Perry (1970) and by Belenky, Clinchy, (?10 a '
not specifically addressed issues of reading and writing, although I will re-

turn in my discussion to their relevance for the case I present here. In an am-
bitious and extensive set of studies, Haswell (1988af 1988b, 19.91.) looked at
growth in writing competence through college but did not.exphat'ly address
how students view texts or how disciplinary training and literacy instruction
interact. This article, then, provides an initial exploration of one student’s de-
veloping rhetorical understanding of texts. It details a longitudinal study, an
extended four-year examination of one student as she progressed during col-
lege, focusing primarily on how the student’s views of, and interactions with,
disciplinary texts changed through her postsecondary education. Although
Eliza (a pseudonym) may have tacitly subscribed to the doctrine of au-
tonomous texts early in her college career, by the time she left college she had
come to a greater awareness of the rhetorical, contingent nature of both the
activities and discourses she participated in within her chosen field, biology.
In order to track Eliza’s developing notions of text, I focused primarily
on her reading processes and practices, and on the various texts she read,
rather than on her writing processes and products. This was done for several
reasons. First, studying Eliza’s reading allowed me to examine her interac-
tions with a greater number of texts, since she read many more texts than she
wrote through the four years. She also read many more types of texts—text-
books, research reports, articles, proposals, lab notes, data sheets—than she
w1fote, especially in her biology and chemistry courses. In addition, I hypoth-
esxzefi t.hat in her reading practices, Eliza might demonstrate morel rhetorical
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The Subject/Participant

liza was one of a 8roup of g;j

ﬁmt I began m' track in theiy fr:sl::]adnomly selected cage study participants
Eliza grew up in a middle-¢]

Jarge parochial high schog] near h,
dren and had a large extended family, w; th
nearby. Her parents’ education ended’ wilth e ’
sisters’, while Eliza ang her brother com
her parents were “very Proud,
financially and emotionally.
nanced by federal grants ang

igh school, byt “
nerd.” She felt her high-

ence classes—one-year-long course for each
of lectures and textbook reading, with a

dents were evaluated almost exclusively

minimal amount of lab work. Stu-
ence courses.

through objective tests in these sci-
Eliza came to college interested in biology and later considered the pos-
sibility of pursuing a double major in biology and chemistry before finally
deciding (late in her sophomore year) to focus exclusively on biology. As a
freshman, she said she was majoring in biology “because I'm pretty good at
it,” but by the time she graduated, her

interest in the subject was much
deeper and more committed. During her

senior year, she made comments
like, “I'm learning to be a scientist,” or “I'm going to be a scientist,” or even,

‘I'am a scientist.” College-level reading and writing were time-consuming
for Eliza, as for many of her classmates, but she worked hard at both and was
determined to do well. Her final college grade point average was about 3.0.

Setting

The study took place from August 1986, one week after I?.l;\za %r;;:i ie;t1 0col.
lege, to April 1990, a few weeks before sh‘e g.raduateél. wit ';ed L cigt}}lr :

€ setting was a private research university in a me lumt-jzlents attend the
About 6,500 students, one third of whom are graduate s ’
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university, which is predominantly White. Males outnumbey female
ratio of about three to one among undergraduates. Sby .
Interviews took place in my office in a compu'ter deveIOpm‘er‘t
where I was a part-time consultant. Because Eliza did not ident .
any department from which she was taking classes, I belieye she fey frwlth
give honest and detailed descriptions of her teacher.s, aSSig"ments ee t,
course work, and her feelings about them. At the same time, a4 Pattop, ('];ln
has suggested, I wanted Eliza to see me as someone who “spoka A 8
guage,” that is, as someone who had at least.a passing knowledge of the g
jects in which she was interested. For the first three semesters, [ o, ub.
course notes and background knowledge from my own upper'diVision Llse
dergraduate courses in biology to keep informed. Later, | relied op , . (:;-
league in chemistry (who had an undergraduate degree in biology) T 1
some outside reading to help me attain a cursory knowledge of some of thn
topics Eliza was addressing in reading, writing, and lab work assigned ip, bie~

ology.

Center

lan.

Data Sources

Qualitative case study methods were used to track Eliza through her four
years of college, and attempts were made to triangulate data sources Inter-
views (several each year) were supplemented with the examination of ar¢;.
facts (texts written and read for classes), reading/writing logs kept by Eliza
(freshman and sophomore years), observations by the researcher of classes
and reading sessions, and the collection of several read-and-think-aloud pro-
tocols (junior and senior years). As is often the case with qualitative research,
data sources and methods evolved as the study progressed (see Goetz and
LeCompte, 1984, especially chapter 5, Data Collection Strategies). For ex-
ample, reading/writing logs were discontinued after the sophomore year be-
cause Eliza indicated that they were taking an inordinate amount of her
study time to complete. At this point, read-and-think-aloud protocols were
added (they were used in the junior and senior years only) as an alternative
data source that could furnish some of the same kinds of information as the
logs. In addition, I terminated my concurrent interviews with Eliza’s teachers
when she indicated that my talking to her teachers made her uncomfortable.

(I did talk with some of these teachers later.). ..

LONGITUDINAL NARRATIVE

In order to examine—and do justice to—the richness of Eliza’s undergradu-
ate educational experience, I constructed a longitudinal narrative drawing on
qualitative analysis of data from the sources described above. . . .

The following narrative traces Eliza’s interactions with and learning
about texts through four years of college. For each of her four college years,'l
discuss first the kinds of reading tasks in which Eliza engages, drawing pri-
marily on interviews and reading/writing logs. Next I describe Eliza’s read-
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ing processes and' practices, dra
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segments identified as revealing views of discourse) weré thpe rima ydata
source for these sections, and they were supplemented with dafa fror:\y read-
ing/ writing logs, read-and-think-aloug protocols, and teacher interviews.

Eliza as a Freshman: “The Book Says.” As a freshman, Eliza’s academic
work focused almost exclusivel ing for tests in },1er biology, chem-
: : : irly extensive synthesis of various
authors’ positions papers in her English class. Her processes consisted of
mostly linear reading of textbooks and, for the English class, essays. If she
had trouble comprehending, her strategy was usually to reread, and she
made extensive use of a highlighter, sometimes marking whole paragraphs
with it. She also often took notes, usually verbatim, from her reading. Ac-
cording to statements made

Y in interviews or entries in her reading/writing
logs, Eliza’s goals for most of her reading were “to learn it,” “to understand
it,” or even “to memorize it.” Understanding the book or what “the book

says” was paramount at this point in Eliza’s college career. Eliza viewed her

role as a reader as one of extracting and retaining information, a not unsavvy
approach, given the ways that she was held accountable for the reading.

In the reading for her English class, Eliza’s goal was slightly different,
stated most frequently as “to figure out what they’re saying.” The curricu-
lum in her English class was built upon a recognition of authors and their
claims and positions. Students in the class worked from a common corpus of
texts on a single topic—animal experimentation—and produced progres-
sively more difficult written texts based on readings: summary, synthesis,
analysis, and original contribution. In addition, the instructor asked students
to create visual representations—a path of argumentation, a synthesis tree —
to help them visualize the conversation going on among the several authors.
(This curriculum is illustrated in Kaufer, Geisler, and Neuwirth, 1989 .) Possi-
bly due to the emphasis in this class on authorial conversations, Eliza seemed
to view the texts she read for her English class less as a source of information
to extract and more of a place in which someone says something. That some-
one did not usually have an identity (beyond author) nor a motive, although
“he” did have a gender: All references to authors used the masculine pro-
noun, even though some of the texts were written by women. In inte.rviews
and reading/writing logs, she stressed the importance of ‘understandmg the
authors, as she often repeated statements like, ”I'fn trying to ur}’dltlersta.nd
Wwhat he’s saying” and “trying to figure out what he’s really saying,’ Trylr}g
to figure out what they’re saying” was also stated as a goal in rea.dmg/ ey
ing logs. Whether due to the different kinds of tgxts she.z was rt?admg for this
class or to the instructor’s emphasis on authorial claims, Eliza seemed to
have a clearer sense that the essays were connected to human agents, and she
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even had some cognizance that the texts were connected: “He [}, te
says it’s like they’re [the authors] having a conversation.” Howeye, t;Che
thors Eliza discussed often seemed synonymous with the book she g, -
in her reading for other classes, with “the author says” equaling, inScn d
“the book says.” Nor during this year did she mention authors’ moﬁsffeq'
intentions, the multiple contexts surrounding the texts she read, o intees or
readers and their reactions. Ndeq
As a freshman, then Eliza seemed to have a bifurcated view abouyt
and authors: On the one hand, she talked as if both the texts for hey bi01e)(ts
and chemistry class and the information contained in them was u“COHne;
to human agents— “understanding what the book says” or ”understand.ed
what it says” were frequently cited goals in the reading/ writing logs. In 1:}1\
reading for her subject matter courses, she seemed to operate Withoyt g
rhetorical frame, accepting the texts she read as autonomous. On the Othea
hand, the curriculum in her English class seemed to be nudging her towarq :
more sophisticated conception of discourse, with at least some mention 0;;
authors and their relationship: Authors “have a conversation” (as in the e
ample above) and “they were bothered by the same things that bothereq

”

me.
Two pairs of concepts developed by Belenky et al. (1986) are usefy] in

further examining Eliza’s developing theories of knowledge. The notions of
received knowledge and procedural knowledge and of separate knowing
and connected knowing emerged at various points as Eliza’s education pro-
gressed. As a freshman, Eliza’s epistemological theory seemed to be one of
received knowledge, and her role was receiver of that knowledge. Her goals
were to learn or understand or memorize what “the book says,” or “figure
out what he [the author] is really saying.” Tellingly, she described how her
English teacher would have to accept the claims of her paper if “I can prove it
in writing from the book.” The book here was the ultimate authority—
through which one received knowledge and by which one’s own contribu-

tions were judged.

au.

Reading as a Sophomore: Eliza Encounters the Research Paper. During her
sophomore year, Eliza’s reading tasks and reading practices, and the means
by which she was evaluated, remained essentially the same. The one major
change in her reading, from her point of view at least, was that there was
simply a lot more of it. It was Eliza’s and her classmates’ impression that the
department and the college attempted to “scare people away” with the
amount of work that was required in the courses that Eliza took during this
year. She continued to have hundreds of pages of textbook reading every
week, frequent exams, and little discussion in her classes. Eliza did have
more lab courses during this year than during the previous one, but these
labs required little reading.

Eliza’s reading practices showed an increased attention to the proce-
dures of knowing. According to Belenky et al. (1986), procedural knowers are
“absorbed in the business of acquiring and applying procedures of obtain-

_———4
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o T & “writing down some relevant
and “pulling out information. For Eliza, writing the research paper

seemed a matter of applying the appropriate procedure (Belenky et al., 1986):
If one finds the relevant articles and pulls ou

t the appropriate facts, then one
“can make a research paper [oneself].” Eliza talked as if a research paper was
a simple task, and in fact, for her it was: She and many of her classmates
wrote their papers together in the library the night before the papers were
due. The following excerpt shows the almost casual way that Eliza treated
this assignment:

I just took brief little notes, like types of drugs,
experiment. And basically just sat down later
paper from there. I figure it was the next night. [Consults reading/ writ-
ing log in front of her.] Yeah. Basically that's w

hat everybody did, they
waited —they just went and read the articles the night before, and got in
groups or something and wrote it, you know, to help each other out.

or something about the
on and just wrote the

Eliza’s strategy for the research paper resembled what Nelson (1990)
identified as a “low investment” strategy in students performing similar
tasks: She waited until the last minute and then relied on a minimum num-
ber of sources, sources selected mainly because they were easy to locate and
convenient. But my knowledge of Eliza even at this early point in her college
Career led me to believe that she was in fact quite committed and “invested”
in her education, her field of study, and her future as a biologist. She ap-
Proached classes with a real seriousness, and she spent a great deal of time
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short paragraphs rather thap through on
Eliza also had a research Paper to do th

still included a number of ex
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that students answered questions in
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1S year in her virology class. But the
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ic, as in the sophomore y

. " with a particular virus, look at “where the
technology is going in the future,”

; 68 and to “think up some experiments” to do
with the va.cc.1ma‘ (cowpox) virus. Implicit here was the notion that her work
on the vaccinia virus would be tied to the work of others, via her text.

In both her reading for

more generally, Eliza exhibit

terview segments that dealt with rhetorical concerns. Her first-year attention

to authors reemerged in the interviews during the junior year, but in a much
more complex way. Whereas the authors she talked about as a freshman
were writers only, the authors she talked about now were writers, certainly,
but also scientists. She attributed motives to these authors, seeing them as
making choices as researchers—“so they’re using this as a prototype for the
manipulation” —or as agents in an uncertain enterprise—“they’re saying
they’re not sure if this is how it replicates” and “they don’t know too much
about the actual microbiology of the virus.” She showed a cognizance of the
activity of the field of virology, claiming that a particularly well-investigated
virus is “like a beaten horse—they’ve studied it so much.” When sne en-
countered an article reporting what was to her a particnlarly elalsotenc a}nd
specialized kind of research, she asked somewhat sardonically, Wnat kgld
of people do research on this?” Now, texts were not autonomous objects, but
manifestations of scientific action and human choices. . —— :
i i i inning to recognize a historical, situa-

At this point, Eliza was also begmr}lng gni S iy
tional context surrounding and supporting the texts she r:iea r.tirlle(s)rz o
view, she went on at great length abc;ut hiw sfl;el tsii:\fofih e(;n 5
“First, of course, I see if the titles are relevant . .. : e ;v e
1979, well, 1979 isn’t that far back, .but th;ytvxe;:etosfuii ol olc{
S i Later:lshe 'Clalmed tof:vh;’re ” so “I set a limit of like,
it gl pus were” i :llebn her iunior year, Eliza had a much
maybe, 1980 to the present.” In general, by
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of others’ interpretations of similar articles. She ha ex enswe. Writing agq;
ments based on reading in two of her classes, .bUt now she did not call th :
research papers; rather, they were a revi(?w article and. a model propos,]

Eliza’s reading processes and prac.tlces also contmu.ed to grow in by
plexity. She now spent great deal of time and effort. gou:g over figures =3
tables in texts she read, offering by way of e>fplanatlon: This is importyy,
Most professors can read just by looking a? figures and their legends ” She'
also exhibited a greater awareness of the mtertt?xtgal nature of discoyrge.
texts were not isolated, but linked. She still used citations to uncover releVan;
articles, but rather than skimming the citation lists as she did the year befor,
she now examined how particular sets of articles used and represented the'
claims of their sources (cf. Latour, 1987), and she claimed that one can oftep,
“tell by the title if they build on one another.” The claims of another set of ar.
ticles “are all related, indirectly,” she said.

Eliza’s attention to the rhetorical elements of discourse—authors, read-
ers, motives, contexts—also exhibited increased sophistication in her senijor
year. For Eliza, as a senior, not all of an author’s claims were equal. While the
results section may have been solid, the claims of a discussion may have been
more contingent, as illustrated in the following example, where Eliza demon-
strated her understanding of scientists’ uncertainty and their commitment to
theory despite insufficient data and where she used a metaphorical term
(handwaving) for how this uncertainty is manifest in written discourse:

Reading C ontingent Cont e

The academic tasks s
Eliza’s senior year. She ha

gLiza: There’s a lot of handwaving in the discussion.

cH: What's that?

pLiza: Handwaving? Theyre not sure of theory. They sort of have data which
suggest it. But they can’t come out and say that. ... You don’t know what's
happening first. Is it binding here first? Is it binding to an active enzyme?

You're not sure.
cn: Do you think they’re not sure?

ELIzA: Yes. I'm sure they're not sure.

Eliza also had specific representations of different kinds of authors. Au-
thors who write journal articles were active scientists, “the people who actu-
ally did the study,” while authors of textbooks tended to be more senior with
a great deal of experience: “even older than my boss [an associate professor
who runs the lab where she works], because he’s been around a long time

B s
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{ he's not qualified to. do a textbook yet.” Textbooks and journal articles
g , also seen in a certain historical context. Eliza recognized that one reads
“'c::. texts with an eye toward this temporal aspect of their composition. She
th:{ ~gy the time a textbook is written it's out of date. To really learn the
- you have to read the journals.” This was a far different approach to text

‘-guff, }
°_ the one she demonstrated as a freshman, when one simply memorized

th‘ln tl “w ”
< best one could “what the book says.
a5 bes

fliza’s independent work with the graduate student Shelly continued in
the senior year. Although i.t is clear that Eliza’s relationship with Shelly was
= perfect—when aSkfd if Sbelly was easy to work with, Eliza hesitated,
then said with a laugh, S(?IIT}etlmes!” —she was proud of work she had done
in the lab. Eliza observed, “I'm working for her, but I've created two mutants
in a protein, on my own.” Eliza said she had learned a lot from the experi-
ence: “Like when I started I was clueless. I really never could understand to-
tally what they were talking about.” However, she stressed that “Now when
ghelly says something to me, I understand what she’s talking about.” And
jater: “1 understand what they’re [other professors and grad students on the

rojeCt] talking about.”

Eliza’s work with Shelly in the lab may also have contributed to her
awareness of the social and rhetorical dimensions of discourse. This is sug-
gested by the way she discussed her writing in conjunction with this work.
She was concerned that readers of her lab journal be able to use the informa-
tion there: “It [her writing] is important because somebody who comes when
[ leave is going to want to work with my mutants and they are going to want
to understand how it works, how it grows.” She was also beginning to un-
derstand how discourse fits into the larger culture of scientific research, rec-
ognizing how her own writing will help her make a place for herself within
that culture. Regardless of her skill as an immunologist, she believed, with-
out writing, “I’d never get my point across. I'd never get a grant. I'd never
have any money, so forget it. I'd be out of luck.” A text was now seen as a
storehouse of information but as a way to pursue one’s scientific agenda;
without it, the scientist is isolated, unable to do her work, “out of luck.”

Despite her obviously greater sophistication, Eliza, as a senior, still ex-
hibited a certain tension in the way she talked about texts and the way she
talked about facts and knowledge. Like the scientists studied by Gilbert and
Mulkay (1984), Eliza seemed to move back and forth between two reper-
toires, the first a foundationalist view of texts, demonstrated by comments
like the following from a senior-year interview: “The teacher will nail us if
we're not perfectly factual,” an example that suggests as well that Eliza’s pro-
fessor was concerned with students factual understanding of course material.
At other times, Eliza voiced a more contingent view of the texts she read, not-
ing “handwaving” in the discussion of an article of mentioning that re-
searchers may have been confused or mistaken in plotting their results. It
seems unlikely, however, that Eliza was in control of these repertoires in
Quite the same way that the biochemists studied by Gilbert and Mulkay
were. Further, this bifurcation in the way she viewed texts may have

=
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dual roles, functioning both as a budding sclen
arch community and as a student, still l'eSPOnsib?t
monstrating her cornpetence to her teache
ers and other authorities. Similarly, Eliza bX t:mfv?;hll()g:l‘i C:ar acteristjeg
both “separate” knowing and “connected nol 5 gor d nky‘etal, 198¢),
She sometimes separated herself from the kn;“"(’j ; o%v i a‘;“; of a text, p,.
sitioning herself above it, as when she describe Py Patr ed by just looj.
ing at the figures and legends to see what's “',r;mgand oo e?}‘I OT predicteq
that in grad school she will “just look at articles ; em apart, g,
what's wrong with them.” But she had also become somewhat more of a ¢,
nected knower, seeing connections between h.er own uncertainty about scjep,
tific methods and findings and the uncertainty of the -researcher/authOrs
whose research she read. Eliza also describeq her connecnor}s to the mutan
that were the object of her research, connections that Harding (1986) ident.
fied as one of the traits of feminist science. Eliza said she knows “what it [the
mutant] likes to grow on, what it hates tq grow on.... It really is like the
baby that you have to watch out for.” Eliza he-re. echoed the now-famoyg
anecdote of geneticist Barbara McClintock, descrlbm% herself as “part of the
system . .. right down there with [the chromosomes],” and the chromosomes

themselves as her “friends” (cited in Keller, 1983).

reflected her continuing

taking her place in a rese :
for learning course content and de

Discussion of the Narrative

Eliza’s theory of discourse changed in im-
portant ways. Early in her college career, the bulk of the texts she read for
school were seen as sources of information, and her job as a reader was pri-
marily to extract this information for use in tests or reports. For the most
part, both texts and the information they contain seemed unconnected to the
authors or the circumstances that produced them. Not that Eliza was unable
to understand the concept of author or authorial claims: in the reading of es-
s, she became somewhat conversant with these no-
tions. An English curriculum which stressed authorial conversations and en-
couraged students’ graphic representations of authors’ interactions may have
contributed to Eliza’s understanding of discourse during the freshman year.
But, in the sophomore year, when the “scaffolding” (Applebee, 1984) pro-
vided by Eliza’s English class and instructor were withdrawn, she again
seemed content to view texts as autonomous. As evidenced by her approach
to the research paper in her sophomore year, Eliza seemed to view reading
and writing as unconnected to the scientific work for which she was prepar-
ing herself. Rather, at this point, reading and writing were seen as the work
of school, not the work of science.

Beginning in her junior year, we begin to see important changes in
Eliza’s views of discourse: She exhibited a growing cognizance of texts (and
the sci'ence they report) as the result of human agency. Similarly, her repre-
sentanor}s of discourse seem to have expanded to include a notion of texts as
accomplishing scientific and rhetorical action, fulfilling purposes and mo-

Through her four years of college,

says for her English clas
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tives, as well as presentin

rhetorical nature of dis
she talked as if science a E M uneven, of course: :
nd scientific texts were purely factur?e. Stomctxmes
ual, set 1n stone;

other times, she saw them a
5 S more conti
viewed texts as mulﬁply o Ingent. By her senior h
3 nnected —to year she often
ers, and to historical cj authors and scienti o
B o her o ri'lllcglrcum.stances—and even demonstrt;Sttescli tso(r)lti:e;rrlzad
B ieir authors) and nnections both to scientific texts (and, by impli ool
nd to the objects of her own research , by implication,
archsss:

g facts : ,
and information. Her recognition of the

GENERAL Discussion

We have seen how Eliza dev
eloped :
her four years of college. Her refdi as a reéder in a number of ways through
h " : ng practices became more sophisticated as
she moved away from the linear readi - 3
Eher freshm : ing and verbatim-note taking strategies
of her freshman year to the skimmi i ; =
5 bl 5 ng, selective reading, and in-depth atten-
tion to tables and legends in the seni
1L In th nior year. Her goals for reading changed
as well. In the freshman year she w imari :
what the book says” —und as primarily concerned with “figuring out
B o Elivaorac In erstijmdmg and memorizing scientific concepts.
= e ant;yu}:g to find or make a place for herself within an aca-
o relamdlinl ty, 5 she used r.eadmg to help her reach that goal—al-
& g continued to function, as it had throughout her college ca-
reer, as a way to become conversant with scientific concepts. Arguably, the
most important change in Eliza’s reading of texts, however, was in her grow-
ing awareness of the rhetorical frame supporting written discourse—includ-
ing a representation of authors as active, motivated agents and a cognizance
of the historical, situational, and intertextual contexts supporting both read-
ers and writers. As a senior reading the texts of her major field, Eliza re-
sembled expert readers in her attention to rhetorical concerns. To my mind,
this change constituted the beginnings of a new theory of discourse for Eliza.
She began to see texts as accomplishing scientific action as well as embody-
ing scientific knowledge: She recognized that behind scientific texts are
human authors with motives, authors who are also interested, but sometimes
uncertain, scientists; she started to see that scientific facts are contingent and
historically bound. The changes in Eliza’s use of verbs to talk about texts and
authors and the growing presence of human agents in her interview dis-

course suggest, as well, that important changes were going on in Eliza’s view
of the scientific enterprise. Possibly most importantly, Eliza began to see her
own role as not simply Jearning the facts but of negotiating meaning— that
is, doing her work—amidst the many voices of her discipline.

What kinds of factors and events may have led to Eliza’s growth and de-
velopment as a reader? Of course, a longitudinal case study does not allow
strong causal arguments, but I would like to suggest four somewhat interre-
lated explanations. Teasing out how the factors described belov?/, and others,
influenced Eliza’s rhetorical growth is beyond the scope of this study._ F}xr-
ther qualitative and quantitative studies, as .well as meta-analyses of exlnstmgf
research, will be necessary in order to begin to understand the complex O
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: e »nt, in readin :
factors contributing to the rhetorical development, g and in Wfiting

of students like Eliza.

Increased Domain Knowledge. A strong knowsegiielii;px}:i?l?t:ﬁn for lizgr,
development would maintain that her x.ncrease e T e termy =5
concepts of biology (and its subfields Qf m.1muno ﬁgy _ t}o1 eSular biolo
led to her increased rhetorical sophistication. In this view, the “worq ¢ :
ts the “world of rhetorical pro o (of.
¢

i ” or
~ontent” precedes and supp :
S e o ). Research in areas as dj ;

i damalia, 1987; Geisler, 1994 .
Bereiter and Scardam in which Chase and Simon (1973) ol S

the cognition of chess playing, _ e /
pert plg;;/ers to have huge numbers of domalr'l-speaflc patterns in memory
and sociolinguistic studies of literacy by Scribner an§ Cole (1981), Whicy
showed Vai villagers able to perform logical operations in known but not -

knowledge explanation. In fact, thjg o

known domains, support the strong _
planation was one that Eliza herself offered for her increased facility With
reading academic articles. In her junior year, she noted that “it [the artjg el

was really technical, but I understood a lot more than if I had”been a Sopho.
more reading it, [because] I've been exposed to a lot of terms.” One possib,
drawback to the knowledge explanation is that it rests on a conception of g,
main knowledge as static, fixed, and necessary prior to rhet9rical knowled ge,
a conception that has been questioned by recent advances in the philosophy

of knowledge (e.g., Rorty, 1979).

Instructional Support. A second explanation would hold that, as Eliza’s eq-
ucation proceeded, she was exposed to different kinds of classes and assign-
ments, and that this instructional support, provided by her teachers and by
the curricula within the biology department, was responsible for Eliza’s
rhetorical development. Indeed, as we have seen, there were vast differences
in class structure, assigned texts, and reading and writing assignments as
Eliza’s college education progressed. Some credence is added to this explana-
tion by the fact that when Eliza was given explicit support for thinking about
authorial claims and other rhetorical elements—through the texts, assign-
ments, and interactive framework of her freshman English class—she
seemed able to invoke and use at least some rhetorical knowledge.

A variant of the instructional support explanation would hold that it was
the different kinds of texts that Eliza read that invited or required different
strategies, goals, and views of discourse from her. Eliza certainly did read
different kinds of texts later in her college years, as primarily textbook read-
ing gave way to research reports and published articles. Analyses like those
of Fahnestock (1986) and Gilbert and Mulkay (1984) have demonstrated that
the texts scientists write for “outsiders” (like entry-level textbooks) are quite
different than those they produce for “insiders” (like theoretical and experi-
mental journal articles). And in some ways, Eliza was a different reader—
with different goals, strategies, knowledge, and rhetorical sophistication-"
when she read these different kinds of texts.

ey
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elopment. To student‘s of life-s:pa.n studies or developmental
ol DlEllizﬂ' : growth in rhetorical sophistication echoes other studies
"\Y".l':(,loz!.‘"  dults, most notably that of Perry (1970) and of Belenky et al.
o ’gc,gge:’e already seen some of the ways that the changes in Eliza’s
e 7e ha s and discourse in science illustrate various positions in the
(1% pout fac heme: As a freshman she seemed to view knowledge as
oW ot al. ;‘e: received —therefore her almost overriding attention to
" pethif® L says.” Later, she exhibit.ed characteristics of the procedural
'"O'hat the b0 5 a senior she looked, at times, like a separate knower and at
"“Ow'er' nd'lfe a connected knower. While Belenky et al. were careful to cau-
f;herﬁ es i ositions of knowing that they described are not stages or part
fon that themental progression, at least in Eliza’s case, one way of knowing
7 develoP” ve way to others.
4id seem/s (1970) study of Harvard undergraduate males (to which Belenky
e

986] provided something of a correctiv'e) more explicitly chroniclgd a
1 by undergraduates in how they view knowledge and authority,
Y rms of their schoolwork. According to Perry, there are nine

developmental scheme, as students move from dualism to
positio’ to relativism and finally to commitment. Like the current study,
mult! hsmespecially interested in the outlook which “perceives man’s [sic]
perty v\;ase and values as relative, contingent, and contextual” (p. 57). Early
fowle %le e career, Eliza, like Perry’s dualist, viewed knowledge as infor-
in her cocofect and incorrect information, with authorities (in Eliza’s case,
manon/ks) embodying correct or true information. As a multiplist, she began
textbo?hat authors hold various positions on values (in the English class) and
g that different biologists hold different views of nature. As a senior,
la|t'er’ exhibited characteristics of the contextual relativist (who understands
ti:,ztatruth depends on context) and even of commitment, as she more closely
dentified herself with a field of study and indirectly with the values of that
field. Interestingly, I saw little evidence that Eliza ever held the extreme rela-
tivist position Perry described (in which no truth or values exist) or the ex-
treme subjective position Belenky et al. described (in which all knowledge is
personal and private). Possibly, as a member of a culture that highly esteems
science and as an individual who never really questioned the value and con-
tributions of science, Eliza found these positions simply untenable.

It is possible, then, to see Eliza moving through various positions in the
Perry (1970) and Belenky et al. (1986) schemes. However, as Bizzell (1984)
has forcefully argued, Perry’s scheme (and, I would argue, the scheme of Be-
lenky et al. as well) does not in fact describe strictly “developmental,” that is,
natural or inevitable, stages. Rather, Perry’s work described the results of a
tertain kind of education or enculturation—and the philosophical assump-
tions that Perry’s subjects acquired were often ones they chose, not ones that
WEre genetically preprogrammed. Similarly, while I would not claim that
- aiat set out with the goal of viewing science rhetorically, she clearly did
Worke;o emulate the graduate students and professors with whom she

—recall the statements that “I'm learning to be a scientist,” “I'm

-
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becoming a scientist,” and “I am a sc.ientist." ln.terCStmgl)’z Perry attrily,

his subjects’ development to the classics-based hberfml-arts gducation at t

vard. Although Eliza, as a senior, ended up “’5’3.‘“1’1‘.“8 subjects at the %
ducation was quite different, a ClaSSiCall Per

ends of the Perry scheme, her e A liberal
_, T R e P AR ities or liberal- Cl-
entific one, with minimal exposure to human al-arts Courseg.

| Setting. Seeing education as the proceg
coming an insider leads to the fourth possible explanation, Namely,
context of Eliza’s work experience directly supported her education j, bi
ogy. Beginning in the summer between hf:r SOth’more ar.1d junior yea(;:
Eliza began to work as an assistant perfor'm.mg routine tasks in the lab o one
of her professors, under the direct supervision of one of the professorg grade
uate students. As the linguistic analysis of human agents mentioned iy, th.
interviews revealed, Shelly became quite importanF to Eliza, making upa fuﬁ
10 percent of the mentions of human agents in the mtervi.eWS from Elizy'g P,
nior year. Other studies have suggested that the mentorl.ng that Shelly pro-
vided for Eliza may be very important for students entering academic disci.
plines. Theorists of education like Brown et al. (1989) have postulateq that
“cognitive apprenticeship” is one mechanism by which students acquire
complex skills, while feminist theorists have suggested that a strong (female
mentor can help women achieve in university settings (Belenky et al., 19g.
Rich, 1979). The National Academy of Sciences (1989), in a document for Stu:
dents called On Being a Scientist, has stressed the importance of the mentop.
student relationship, and a recent study by Blakeslee (1992) has shown thjs
scientific mentoring in action in one physics research lab.

Eliza also worked within a larger team of scientists as she participated in
the day-to-day work of the lab. Some of her responsibilities were tedious and
mundane —keeping records and cleaning equipment—but she was also re-
sponsible for other, more complex tasks, such as creating and monitoring the
growth of several protein mutants in the lab and attending staff meetings of
lab personnel, including the professor. By late in her senior year, she was
able to say that “When I go to lab meetings now, I understand what they're
talking about. And it's not just Shelly’s work either. It's other people who are
working on the same project. I understand what they're saying [emphasis hers].
It's great because I never understood before.”

Eliza’s experiences in the real world setting of a lab, where students, pro-
fessors, and other technicians worked together in the conduct of research,
probably taught her a great deal about the actual, contingent nature of much
scientific activity. Indeed, in one sense Eliza was much like Gilbert and
Mulkay (1984) or Latour and Woolgar (1979): These researchers, like Eliza,
were “students” of scientific activity, and they learned a great deal about the
very human enterprise of science, and its social and discourse-based nature,
by watching the day-to-day operation of a research lab. Eliza may have
learned the same lessons about the rhetorical nature of science in her obser-
vations of and work in the cell biology lab.

Mentoring in a Sociocultura sl

e
that the
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A biologist and a chemist with whom | consulted on the project both be-
ieved that, for many science students, extended experience working in a lab
peyond class labs) is .of paramount importance in facilitating a growing un-
jerstanding of the scientific enterprise, describing the experience as “like a

¢ . ”
light bulb going on” for students (J. P. Lowe, personal communication, 23
communication, 21 January,

january; 1993; A. G. Stephenson, personal
1903). e

1

ConcLUDING COMMENTS

This study offers a detailed, fine-grained look at one student’s development
over time, something we could not see in a study designed to address similar

uestions with groups of students of different ages. Another of the real bene-
fits of this kind of research—longitudinal, in-depth case study —is that it al-
Jows a richer picture of an individual. Multiple data sources enrich our v-iew
of Eliza and her learning, and observing her over time cautions us against
making generalizations about her abilities or her thinking. Because many of
Eliza’s teachers knew her for only a semester or possibly a year, they may
have had limited knowledge of her long-term educational and career goals
and of her history as a learner. Indeed, it is interesting to contemPlate bow
different our views of students might be, and how our teaching .rmght differ
as well, if we were able to learn about our students over a period of years
rather than weeks.
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