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CHAPTER 3

Language and
Science Learning

William S. Carlsen
Pennsylvania State University

In a 1998 contribution to the International Handbook of Science Education, ﬂ?l;re 5uttareu
used the writings of Faraday, Boyle, Harvey, and others to compare nie;r_tguaﬁ e
found in historical documents with the ways in which science is represen tﬁm -:égn.
temporary textbooks and classrooms. In Michael Faraday’s letters to scientific >
temporaries, Sutton found a voice that was ”persr.rna] and u:mr»arltl_!,r pgsuz:s‘:;:;e, e
chewing the third-person, “stick to the facts” register with which schoo tldmndies
today are commonly taught to write laboratory reports. Drrawmg on ;ﬂen;:;;; ua.nd
by Bazerman (1988}, Lemke (1990), Medawar (1974), Shapm & Schaffer I[ h i
others, Sutton (1998) recommended reduced emphasis in science e:ducaltmn on -
guage as a means of transmitting information and greater em phasis on language

i retive system of sense-making. ) ]
T .?}Tmﬁ 3 years}rlater, a survey of recent literature on language and scmnt?elefit:c_::s
tion demonstrates both the utility of Sutton’s framework and the potential for
expansion. An overall healthy growth of that literature masks some 1mmhﬁ
trends within that literature. Consider, for example, Figure 3.1,Iwh1chdp ﬂ;' g
erage annual publication rate of documents with keywords Science E ucgil{a L
guage, and either Concept Formation or Culture. Followmg_a period of sta ity s
about 1980 to 1995, publications related to Concept Formation havf: decli ]dm na:d-
ber, while Culture has increased.! Trends like this reflect changes in the feld reg

1. For the sake of the narrative, 1 have simplified my description cu_t' the mtm '-:'iu.:].'l the PT:':.C::-JI.
dita were generated. The set described in the prose as (kw = "Science E-*:!lu_r-‘!hl'ﬂ: anﬁIJIE_uaa[ki il
ally more accurately represented as ((kw = “Science Education” OR “Science Instruc el 08 5 P
gramming” OR “Programing”)) AND “Language”. Use of the longer specification elimina robpar e
numercus studies of computer programming {or ERIC's earlier s-p-eIHILg programing”), few et
concerned with language as a means of oral or wrilten communication between wmﬁaﬁuwﬁ e
gaged in science teaching and learning, My cholee of keywords (and their linkin algebra) ek
tative analysis of all ERIC citations in the aforementioned set [‘I‘cll.'l'l 19‘?"5—\-?001 [méﬁsi:ﬁm?ﬁ{st i
sonably completely indexed) and from study of the frequency distributions l';:r e e
descriptors of each of the dtations, Howeever, the data in Figune 3.1 are offered for heuristic purpo
is mot a statistical argument!
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FIGURE 3-1. ERIC citation rates for icati i vords
] publications with keyw i /
guage, and either Culture or Concept Formation, b}rdatT g e

ingwhatitmemmleam{andtoﬁeach}science Followi ift i
. means n . Following a shift i
ﬁarmpgl as individual ;‘:jg_'n:mve growth to learning as i.m:lgiVidua! ::I;;nn:ﬁﬁs;c&ﬂ
i ? : .
mesouaans mmindiv%éua] s increasingly views language as more than just a social
The first section of this chapter discusses the origi
L) . - f !
search, beginning with four schools of thought. ﬁ&mﬁﬁ%g
Brow togetherin a number of ways, but they also emphasize different things. Th.
mme Ieasemqlt[ll? I;)::JEJ&;JS mtapter reviews recent research concerning languag:..ais:-i sci
Ing to a conceptual framework based on Sufton” i

The reader should note that a detailed i il ik o ke

¢ : note perspective on specific studies of spoken
written discourse in science classrooms is provided b i ey

: : Greg Kelly in Chapter 15,
comprehensive recent review of science liﬂ: b A S ol o
deals more extensively than I do here with e gy
: : / the important role of writing in sci
aleal'mngm g nbga}j] E;;rsn he_fg;[:ﬂ pmpos.em a framework ﬁmled rt?}ri[?m?:e"ﬁb;;lg :;:usgeﬁ
: igni t or productively emerging in science educati i

covering the same ground in the same way. T do thi i w_:ah:omn, me i
it 4 . ay. To do this, I first iden of the
- B I::.ln:ﬂ %fnfseur pmdmguﬁvg mmry approaches to studjugg the role of
sociolinguistics, and situated learning, i e '

ORIGINS OF CONTEMPORARY RES
EARCH
ON LANGUAGE AND LEARNING

Vygotsky

Lev Vygotsky was a contemporary of the young

work. He concurred with many, but not all, of Piaget and closely followed his

Fiaget's conclusions. Vygotsky's

LANGUAGE AND SCIENCE LEARNIMNG 559

mast compelling contribution to science education is probably Thought and Language
1934 /1986). Although the book says practically nothing about pedagogy, it has been
ducti for its educational implications, which are significant (Howe,
Wertsch, 1985, 1991). Vygotsky distinguished between spontaneous and sci-
sntific thinking. Spontaneous concepts arise in a child’s everyday experience and
sepin with egocentric speech, often in the company of others. Eventually, vocalized
is internalized, evolving into inner speech. According to this view, spoken
language precedes conceptualization in everyday life. Meaning actually follows

&

‘i iAccording to Vygotsky, scientific thinking is special because new scientific con-
cepts generally arise from work within a formal conceptual structure (which may
beexplicitly taught). Consequently, science learning is a process of moving from the
linguistically abstract to the concrete, not vice versa. Children learn spontaneous
concepts (e.g., what a bowl is) from their everyday experiences. Scientific concepts
[e.g. what photosynthesis is) are often invisible, abstract, or otherwise inaccessible.
One oft-overlooked instructional implication of this perspective is that some scien-
tific concepts may never arise from hands-on experience, no matter how creative or
time-consuming that experience may be.

Vygotsky's “zone of proximal development” (ZFD) has been used extensively
by researchers and educators. The idea is appealing: The trajectory of future learn-
ing can be predicted by comparing a child's work alone with his or her work in the
company of a more knowledgeable teacher or peer. Numerous studies have trans-
lated the ZPD concept into a pedagogical agenda: Engage learners in group tasks
with others, on the grounds that the social setting will allow many students to
stretch beyond the limits of their abilities, working alone.

Finally, in Thought and Language, Viygotsky noted that writing is linguistically
distinct from and more demanding than . The developmental path of writing
is more abstract, symbolic, and less likely to elicit (and be shaped by) feedback from
others. A number of research and instructional projects have been built upon Vygots-
kian ideas, such as the Cognitive Acceleration through Science Education (CASE)
project in Britain (Adey, 1999), research on elementary science instruction in Mexico
(Candela, 1995), and the effects of computer-mediated communication in American
science and math instruction (Charnitski & Harvey, 1999).

Some critics have charged that Vygotsky has been misappropriated for nefari-
ous purposes like promoting sociocultural relativism, replacing formal instruction
with useless hands-on experiences, and misinterpreting the ZPD as a bridge be-
tween everyday experience and scientific concepts. Vygotsky, argued Stuart Row-
lands (2000), was an “out-and-out objectivist” who believed that theory/precedes
practice in science. Everyday experiences may be for scientific concepts
to develop, but they do not cause that development. Scientific ideas ascend from
the abstract to the concrete (Rowlands, 2000; Rowlands, Graham, & Berry, 1999). In
mer::t%ﬂmre is always a critical need for formal instruction.

Conceptual Change Theory

Conceptual change theory (CCT) has long been an important paradigm in science
education research. Building from work by Piaget (1929/1969) and Thomas Kuhn
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(1970), the team of Posner, Strike, Hewson, and Gerfzog (1982) outlined a model of
science learning that accounts for the resistance of misconceptions to change and
that foregrounds the interaction between individuals and the scientific communi-
ties (and theoretical perspectives) to which they are acculturated. From a socio-
linguistic perspective, CCT is itself a fruitful research program; that is, it stimulates
the generation of interesting questions. For example, Lavoie (1999) documented the
positive effects of adding a prediction,/discussion phase to the beginning of a learn-
ing cycle in secondary biology. Among the features of his experimental treatment
was an insistence that students make their predictions explicit and that they pub-
licly debate, modify, and reevaluate those predictions. The genesis of these steps
from CCT is clear,

Constructivism has largely supplanted CCT in the science education research
vernacular, despite the problem of its many different meanings. MNevertheless, CCT
remains a viable theory and may prove—for social, philosophical, and methodolog-
ical reasons—to be more long-lived. Fundamentally, constructivism is about individ-
uals creating individual meanings, sometimes in social settings. Conceptual chan,
theory emphasizes the congruence of individual understandings with public, often
established, knowledge (see also Chapter 2, this volume). CCT also foregrounds the
importance of episternic communities (Kelly, 1997).

As Vygotsky’s work is becoming more widely known, researchers and educa-
tors are seeking ways to extend CCT from the intramental to the intermental plane.
Using an analysis of a chemistry lesson, Mortimer and Machado {2000), for example,
discussed the evolution of their understandings of cognitive conflict (an individual,
Piagetian construct) to one of public, discursive conflict, resolved dialogically. In
recent years, the emphasis of many studies of conceptual development in science
education has shifted from the nvestigation of individuals’ cognitive schemata to
studies of interactive discourse and the co-construction of concepts in natural lan-
guage. This has required finding tools and methods better suited for documenting

and analyzing the dynamics of spoken language in classrooms. This brings us to a
third major approach to studying how language and learning are related: the socio-
linguistic perspective.

Social Semiotics and Sociocultural Considerations

Lemke's Talking Science (1990), a field guide to analyzing the content of classroom
discourse, clearly demonstrates the need to consider the context of spoken language.
Although this principle is a sociolinguistic fundamental, Lemke drew most directly
on what he labeled “social semiotics.” Here and in later works (e.g. Lemke, 2001),
he argued that meaning is derived in part from the cultures in which talk takes
place, and that meaning-making is impeded when culture clashes arise between dis-
ciplinary cultures, as well as between more conventional social Jeconomic/ political /
ethnic cultures. In fact, the science classroom sits on the border between competing
cultures, such as the scientific community, which values open inquiry and disagree-
ment, and the formal school community, which generally prefers quiet obedience,
Lemke and others found that sociologies of science also offer useful tools for under-
standing the social work of scientists, from which implications for classroom prac-
tice can be drawn (Kelly, Carlsen, & Cunningham, 1993; Roth, 1995a).

i
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i in di ays in different settings. Children who
_W ﬁﬁ 1?151031‘::1 hﬂf:éebmjﬂ?litz:d E conventional .fom rgiesghnnl}azimﬂ}
ication may experience mﬂummicaﬁw? failures that are mterp as 3
mm:m;?;‘: inte}flrligeﬁe (Heath, 1983). Studies of hngua.l ge minority stuﬁ:::l:;: :]ILEI];‘E
:E.ig]trl:]ate how the routine communicative enfpec;ahonstm gin?é?r*:l?e t::ftmal -
misinterpreted because of lacl:: of teachers’ un ersﬁ!L o ol St
ices i students” out-of-school lives (Au f, i
anodhgfﬁcr;s}?lﬂmmmurw consists of the wurds: gestures, and gther Stg;nﬂs‘lse thz:_
o ; our Discourse consists of all of the othe_r things that helP us malinke 5 v
i “Different ways of thinking, acting, interacting, valuing, feeling, o
}ang:igﬂl;smg symbols, tools, and objects™ (Gee, 1999, p. 13). Igammger:urzgmimm
j'ﬂg::.««—hen teachers strive for instructional congru ence_beh-.reen the acad g
Lel-rld the culture(s) of their students, modifying subject matter by using
language and cultural experiences (Lee & Fradd, 1998). , O T
Provocative but less thoroughly exp%ore:d, t_:ull'ur_a practic 2 ans ek
be exploitable in addressing students gmennﬁc misconceptions. 5 vine
E’ay Iyn (1984) discovered that southern African Sotho and Tswana teens sEbeB >
= Yntl-uat redispose them to kinetic (particulate) rather thaz_1 caloric (s c_d
i f heaf Potentially, this linguistic and cultural resource might help them Ewﬁid
ki gn Irﬁslcnntepﬁﬂn.;. Although later studies of Sotho college entra;xts f:zhﬂ
S;I::munnborate this phenomenon (Lubben, Metshisaulu, & Cam[lzbeui}}gi ) e
studies of the interaction of nonmajority language and science learning oppo
o Eggiitﬁg?e‘;}?zlgm} provided an Exmlleni:a exagtple of (c;las_srr?;? gis:;:gl
i ive. In addition to Talking Science, Groisman, Shapiro,
2:? ‘.-Eloifllsoi:; I{Ei}pgsfeﬁexenﬂe introduction to the use of semiotics in science

education research.

Situated Léaming and Communities of Practice

Clearly, the concepts of situated learning, legitimate Pepphgmht!:;'mg:::?‘;iaﬁersge
ticeships, and communities of practice are having an importan I-I;l;lrlzn S aaa
education research. Studies by Lave, Wenger, and others have % ik
researchers much to think about and work with, even though the bu ',Er s
has been done in nonschool settings (Chaiklin & Lave, 1993; LE'LEE &Ee Ear;gﬂedf e
Wenger, 1998). Studies of cognition in situ—of craftwork, midwi ?, ke
jobs—reveal how novices learn complex skills thruugplparﬂmpattmr; 11?15 literahu-é
initially as peripheral participants. One of the most Exclhr_lgtaﬁfpfcn 5 nledgc i
is its suggestions that learning is not a process Pflxgmzmg oW !

not promoted by social activity; learning is social activity. : . e
: m:ar {iggﬁ} portrayed a claims-processing office as an mw::lnjn:mml;;rgt Lﬁl'gu: h
waork, interaction, and learning are inextricably linked. "lsszlles a qﬁ i ioril
Lave and Wenger (1992) wrote, “may well have more to do with legi e bj:ec L
ticipation . . . than they do with knowledge transmission. . . . Lea;rﬁnd e )
legitimate participant in a community involves learning how to ta

in the manner of full participants” (p. 105).
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In some cultures and for many crafts, conventional didactic instruction would be
culturally inappropriate (Jordan, 1989) and less suitable than the traditional ap-
prenticeship model.

Roth (1995b) applied many of these ideas in his analysis of science classroom
practices. Of particular interest are his demonstrations of the transformation of ges-
tures, inscriptions, and other phenomena in shaping concepts in the public sphere,
a paralinguistic process evocative of Vygotsky. In the laboratory setting, gestures,
for example, may function less as evidence of conceptual understanding than as a
tool for co-constructing concepts with one’s laboratory partners (Roth, 2001). The
utility of viewing science learning in a social fashion has also been demonstrated in
studies of adult learners. For example, in an ethnographic study that took place
over several years, Bowen and Roth (2002} identified the different contributions to
the education of ecologists that take place in formal and informal settings, and
demonstrated the importance of stories and other informal communications in
shaping novices’ understandings. They also argued that storytelling contributes to
social cohesion in scientific communities. In other words, not only do communities
of practice provide a context and a means for learning science through language,
but informal language—often superficially off-task—functions to help create func-
tioning communities. The model of apprenticeship embedded in Lave's work can
also be used productively to study the learning of novice teachers in settings where
they coteach, and studies conducted with this lens have the potential to inform

teacher education, viewing the learning of novice and experts as reciprocal (Roth &
Tobin, 2001).

TOWARD A REVISED FRAMEWORK FOR THE
ROLE OF LANGUAGE IN SCIENCE EDUCATION

My goal in this section is to extend and update Sutton’s 1998 framework CONCerning
the role and function of language in science teaching and learning, focusing on four
features: (a) what a speaker appears to be doing, (b) what listeners think that they

are doing, (¢) how language is thought to work in learning, and (d) how language is
thought to work in scientific discovery.

What a Speaker Appears to Be Doing

Controlling discourse. Although of course students often speak and write,
traditional teaching is characterized by an asymmetry of conversational rights that
favors the teacher. Teacher questions, for example, both reflect a teacher's authority
and reinforce it (Carlsen, 1991a). Questions assert sociolinguistic power (Mishler,
1978), and when teachers find themselves discussing unfamiliar subject matter,
they may rely upon questioning to prevent the topic of discussion from wandering
into uncomfortable itory (Carlsen, 1991b). This creates what Driver (1983) labeled
as the science teachers’ dilemma: teaching science as a process of inquiry and as an
accepted body of knowledge poses a constant linguistic challenge. Driver wrote,
“On the one hand pupils are expected to explore a phenomenon for themselves, col-
lect data and make inferences based upon it; on the other hand this process is in-
tended to lead to the currently accepted law or principle” (p. 3). We expect teachers
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to invite students to construct meaning, but we hold them accountable for the con-
:mct-jon i . i atterns of classroom
Sl e e e Braiiion. K ia
iati nitia -
i Eiﬂr?xjg;tf{ﬁi:;l Iig?ﬁ}, Lemke, and many others. Viewed az a 13_1.:]1
e {Witt; tein, 1967), the IRE is both a mechanism of control an a cul-
et gf;“ﬁlfmbﬂsmg?;?’l}. Unfortunately, even well-intentioned control of the direc-
sy t;)o ience m]:kima_‘,r result in a conflation of the teacher’s authority as an exp%r:
el $1?Wﬁw as the person in charge (Carlsen, 1997; Russell, 1983; Toulmin, 1958).
mﬂ'nresu ﬁing discourse may suggest to students that the nature of science is more cer-
o and less susceptible to challenge than it‘reall?r is. There are other cognitive hazardmnst
‘.-ﬁ;.'“l:rllson{'i&l??j cautioned: “[If] engagement in episternic tasks mdlsomi:rse is import
in the construction of abstract dcda.rat':lve knowledgel and pghnuzlpmaswundﬂsla.ne =t d]mng,
tudents may face disadvantages in classrooms in whi dlmbm,l pkzmmwledge
tgg;: controlled and dominated by extensive ﬂ'lﬂC!lc dialogue about
claims provided for students by the teacher or the text” (p. 1080). o
In more open-ended project-based science work, students hr;ziay rrdmg e o
the rules, and both order and learning may suffer. There alre Iana . guﬂs o
discovery (Rogoff, 1994), but teachers who know how to play ﬁiﬂm =
transform original student moves and open them to extension, Et i [;rmle}?
tique (Polman & Pea, 2001). But it is a balancing act. Hogan, Nas asr:i wfrenid
{1%99} found that teacher-directed discourse was most effective in pro un Ehgher
order reasoning and higher-quality explanations, but dmcu;lmcms ;u:::r egn ket
were more generative and exploratory. Other work on the b algce t‘lE i 1
ing or expanding control has been informed by Vygotsky’s ZPD concept (e-g..
ton, Westbrook, & Carter, 2001).

Creating opportunities for maning-r{mk:r:g,i Ona morc;: cﬁm;:nu;tg: onoc]ﬁ—r
teachers facilitate linguistic meaning-making in many ways. ke }sr( S I ot
borators documented the work of a science non-expert teaching e

raders. Instead of closing down the conversation, the teacherfsucc 1me?n ot
Eled and directed scientific discourse, leading her students to define sci

local context (Crawford, Kelly, & Brown, 2000).

ety i i rch laboratory) who
becomne ber of a community (e.g., science classroom of resea 3

:gts in socsallg.r appropriate ways (eg, one who adheres to genre conventions wmhen
speaking and writeing), one must first understand the social practices of a Domm; by,

that is, what counts as a valid description, explanation, inference, etc. (p. 626). !

The research group found similar practices in a high school ph%rfelgs E_ilisss;'g:;rilh;
teacher framing activities and m-urdir_latmg MImmré:pIafggg] iCoherent g
his students to appropriate scientific discourse (Kelly & refn, i .s e
juiﬁfly constructed discourse resulted in the creation of public,

mEEBﬂ%urse local meaning is not the same as scientific fact: Gravity ﬂ?st;;cihlsn
missed thran:h a classroom conversation. Science 15 epnstcmolugalgf y e
its empirical approaches, its forms of argument, and the demo?st‘ra ai:’c phrﬁg i
of concepts and theories that would never arise spontaneously in
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(quantum physics, for example). Recalling Vygotsky, scientific concepts often grow
from the abstract to the concrete. They are useful because they are decontextualized

(Rowlands, 2000). Approached from a different direction, scientific experiments yield

facts through social processes of inscription, translation, and the ultimate remova|

of “weasel words” that relate the empirical who, what, when, where,
& Woolgar, 1986). The approaches are different, but the outcomes g
ful facts stripped from the particulars of their construction.

What Listeners Think They Are Doing

In inquiry-oriented classrooms, students often work in groups, and their work can

viewed as contributing to the solution of shared problems. Students can learn

science and about science when their communication takes place through online

discussions (Hoadley & Linn, 2000), computer-mediated Peer review (Trautmann

et al., 2003), and other maodalities, but group work usually takes P
Without the teacher present, the rules of the language game are
new rules must be understood by all in order to make progress,

competence entails knowing how to take turns without the teacher*

lace face to face,
altered, and the
Communicative

to hold (and vield) the floor, and how i make sense to (and of) others. These tasks
are inevitably complicated by speaker differences of gender, culture, ethnicity, and

so on (Philips, 1972).

The substance of science talk can be evaluated in a number of ways. Geddis
(1998), for example, developed a multidimensional method for gauging the quality
of discourse. High-quality discourse includes practices like giving reasons for as-

sertions and demonstrating intellectual independence from the tea

valuahle,

cher’s authority.

Epistemological beliefs may not change easily. In one study, 4 weeks of sub-

stantive bout evolution produced little shift in students”

epistemological

inguiry a
frameworks, which were found to be unstable and ill-defined. The investigators in

that study advocated explicit epistemic discourse coupled with in
& Morrison, 2003).

quiry (Sandoval

In a study of college engineering students, Kittleson and Southerland (2004)

that concept negotiation was Fare, even when the instructor structured the task

to promote that process. Clearly, success in channeling student discourse into produc-
tive knowledge construction s 4 pedagogical goal that demands much more work,

How Language Works in Learning
© Making meaning. The Sapir-Whort hypothesis (Whort, 1956),

“eredited, proposed that language shapes human cognition in profou

A person’s native language would shape how she perceived the w

now largely dis-
nd ways, so that
orld, Today it is
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ingruis brains are wired for language (although
commonly assu?“eii gg ::Eliztzh thazt C?hu;msk}"s (1972) theory of a universal gram-
- e rﬁ?.u? culture—and the signifying systems that culture e:pbur_:hes—sc.r
n }'_:m:"r. & e -making? From a sociocultural perspective, learning involves
gpsirant in m:fng using intellectual and practical tools. Much of wh_at a student
natm:g al: from direct experience, but from texts that are organized to te.l-II a
.- e “From a sociocultural perspective, the use of tea-:lts as the prime
H_iﬁt’:‘lplﬂm'}' i icating knowledge can be seen as a further step m”the__ai_':!_-:)pllﬁn
VM ft)r mmmmst:;_ﬁ accounting practices for understanding the world” (Siljé, 1998,
D{Expeﬂwnan knowledge is discursive in nature, reproduced through language
a;;,d at-ﬁjacts in social institutions like schools.

T i i does not remain inside the heads of
d roduced within these discourses : : .
g E‘Eﬂu‘:: .?ﬂ.el{rﬂther, knowledge emerges as pm-]::-e!-ues of tools a.n:l snct.i]il}r ?rg\:?;fﬁ
i tices in which individuals participate, and which by n.L'ﬂeI'.;:cllt}r a.reﬁl-l j;:fmmuy
B knowledge. . . . Knowledge is fun
i t values there can be no kno ledge is
“Emm_n;;im'l.?:?n nature; it moves the world rather than reflects it. (S2ljs, p. 53)
ArgLme i

ching of concepts rather

Wong h (2001) observed that we promote the teaching pts £

1an facts l;igfazsueg (‘Cf:ncep:’:E are more integrative and thus more powerful in _:.Cmgceé

guagl;ﬁtive perspectives emphasize thinking; SDCEDDDE;IT_LII?‘::'E: po.;rshie%-l;.res mﬂ;ﬁ
' in stimulating and supporting thir king. John Dewey iha-

mlsc:; i:l’:iiuraﬁ! :1 mntepts?ﬁd being, the combination of cognition and action:

: i ing, rather than cognition, reveals an epistemological stance
ifgc:;nrﬁﬁign ne':ft:nef in the mind of the Iaamer_ nor in the su.rmﬂd ;ng;:ir::rcc::
ment. Instead, meaning is a transactive phenomenon: it exists only J_I:lt s ; mex
ated in interaction between pr:rsundami v;;orl%f; . ;}Zﬂeg?uf:i}:nﬁz:?m::g xpe

rmous and we admit that Dew : :
Esf::n:in;;?gcugh precise, is often confusing. To begin, concepts ereusgﬁgtglgﬁ
that students learm: To understand is to have an accurate !.‘E‘PI’E&P;II:;;E:]H Lomtio b
able w apply it appropriately. The goal of conceptually oriente g

struction of accurate, meaningful representations. By contrast, ideas are simhiﬂhu:lug :ht:f
seizes sforms them. The goal of id.ea&-basgd_ teachml g
dents tihbiea':einl?yt;nidm and to live with it, to be with it in their world. (Wong &

Pugh, pp. 324-325)

. meanin i in the classroom.
ing-making is not the only function of language in ASSTO0r
B mﬁursewrha hvogdismaﬁ:au;t‘%uiﬁcﬁons in science education: generating meaning {llts
?;iceraﬁm f‘l.l:ﬂiﬂn} and conveying meaning (its authoritative function) (McDona
& Abell, 2002; Mortimer & Machado, 2000).

" Re g tudied how knowl-

~ Rep i ledge. A number of researchers have s
"fﬁmmﬁgﬂu‘f :cigeﬁce education settings and have developed fools i:f
provide ﬁgights into how language functions in learning. For uxan‘;PI}e, 1{:{ ;1 EE -
cultural study of English and Asian-speaking children, Curtis and Mi afr s
veloped a method for representing students” knowledge abuu_l scientific c_or;ur.?p :
by classifying ideas generated in a writing task. (,‘Ion-::e[:_:ut mapping in dLvEt??FiSE]E-lI
remains a popular tool for representing the relationships among con}: F;litated b‘;
Wandersee, & Moody, 2000), and the use of concept maps has been fac 3
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several different computer tools. Semantic netwaorks, ideational networks, and other
graphical diagrams have been found to be useful diagnostically and to stimulate
science talk with language minority students (Anderson, Randle, & Covotsos, 2001 :
Duran, Dugan, & Weffer, 1998).

Building upon work on situated learning and the sociology of science, Roth
(1995a) described a number of cases of both individual and collaborative knowl-
edge construction. The assignment of group work and the use of conscription de-
vices such as concept maps helped create conditions in which “students had to ne-
gotiate the meanings of concept labels or future courses of action. During these
negotiations they externalized and objectivized their understandings so that they
were open not only to public scrutiny but also to critical self-reflection. In this pro-
cess, students negotiated prior understandings and invented new and not-yet ex-
perienced connections between concepts™ (p. 267).

In related studies, Roth and his colleagues described the semiotic significance
of graphs as signs representing objects and processes (Roth, Bowen, & Masciotra,
2002), as well as the role of gestures and rough-draft talk, which they believe sup-
port the subsequent evolution of more structured talk, iconic objects, and eventy-
ally abstract communication tools, including symbols and writing (Roth & Lawless,
2002). “Gestures are a medium on which language can piggyback in its develop-
ment” (Roth & Welzel, 2001). The authors suggested that, because gestures fre-
quently are used to refer to materials in the labora tory, students should not be sent
home to write laboratory reports until they have had the opportunity to discuss the
complex conceptual issues explored in the teaching laboratory.

Cultural Considerations

The interaction of culture, language, and schooling has been a productive focus of
research in a number of disciplines. A great deal is known, for example, about how
and why differences between the cultures and languages of school and home can be
problematic for students (Au & Mason, 1983; Shultz, Erickson, & Florio, 1982). Even
among speakers of the same langua ge, problems may arise if the home register does
not match the privileged formal register of schools (Bernstein, 1961). The dynamics of
communication between linguistic and ethnic minority and majority speakers con-
tinues to be an active and interestin g area of work (see, e.g., Moje, Collazo, Carrillo,
& Marx, 2001; Stoddart, Pinal, Latzke, & Canaday, 2002). Lee’s (1999) study of south
Florida children‘s attributions of Hurricane Andrew demonstrated gender, socioe-
conomic, and ethnicity effects, not only with respect to what the children knew, but
also where they got their information. Lee and Fradd (1996) emphasized that al-
though culture may sometimes contribute to misconceptions, and that scientific
practices like questioning and public skepticism may clash with some cultural
norms, culture also provides metaphors and other linguistic resources that we are
only beginning to understand.

Writing

Although my comments have focused primarily on spoken language, there is a
growing literature on how writing functions in the development of knowledge. For

LANGLUAGE AND SCIENCE LEARNING 657

v iti hance students’ con-

o as shown how collaborative writing can enh ! ;
exan l1_:'I~2f I:f':i:nﬁﬁc concepts (Keys, 1994, 1999) a_r:u:l the qu.a.htf of tl'ngmlreasunmlbi
k _"i‘ G _l1995}_ She and her colleagues developed a Science Writing Hmmhc a;:r;:u_
i ‘.W to the traditional laboratory report aru:l repurle:i that it Pmmedm
& s’ generation of assertions from data; making connections among proc ’
o g?;‘eme and claims; and metacognition (Keys, Hand, Prain, & Collins, 13‘9’9}.
dﬂﬂev? outm}nes from interventions using diverse types of writing tasks 1af\.;e
:g;l-'lhmpgrbed, although the students themselves may not see writing as a tool for

y development (Prain & Hand, 1999). e
h?;;}fk.dﬁ; and wﬁ;ﬁﬂg vield different outcomes because of their different natures.
Rivard and Straw (2000) noted:

Talk is important for sharing, clarifying, and distributing scte:llaj.ﬁc ld%ajaazzim;g&iree;s&
whi i tions, hypothesizing, explaining, and formulating i leas to

prpearhde HMI;LSE ;[“u:mnt m}Ehmm during discussions. The use of writing appears to

; :e important for refining and consolidating new ideas with prior knmvledgle. These two
modalities appear to be dialectical: talk is social, divergent, and generative, whereas
writing is personal, convergent, and reflective. {p. 588)

i j it i blic
i i i lassrooms: just as it is through the pu
th are important for doing science in clas as oug
ﬁﬂmcesses ulFfarmal science that objectivity is pursued, via intersubjective means.

How Language Works in Science

Language is central to science. It is the medium through which claims afre made ali'l.nl:}
challenged, empirical methods ;.ncli dfaota are mclfﬂn:l_.;ds ;:fﬁ_gf jf-:f?;.?;;; ﬁgﬁmﬂg e
is not just a vehicle for transm
:E?&hﬁigemem}mat analogies, for ex*f_!mple,“ar!e a powergzl czrﬂicepmal;e—
source for scientific discovery and undfrstanclmgﬁDumre:f, 2002). lEngzc] language
is rich with specialized terms that have mlataphnm;a‘l origins {Sur:tc;ll,.l [-el_gn -
Compared with students, scientists, not surprisingly, hold rfnr: -.T: 'F'hPcy il
sy i i ltlul mtlfe:ke Elt? ﬁﬁeﬂm egpi;czi evidence
more likely to prioritize rhetorically the relatio 1 . P eu e
i and they attribute this ability to their earlier socializa
iggefﬂﬁcil;::ﬂz:;g middle{rsm:,pul science stqdents rely more upon t}'l.aaltll's Eﬂsﬂ;ﬁi
views to evaluate claims (Hogan & Maglienti, 2001). Nevertheless, Scm:-lknm fledge
allj,r-j:ne]ifve that the writing process involves knowledge telling, no i b
bmlﬁmg Their writing tends to be mlﬂrnfvlyzi;%czn;%d on a specific genre, tirg
ien & Prain, : ;
dmﬁéﬂi:ﬁzg} g&;t;r;;?sazd;pedaﬁzed genre with an interesting history. For
example, the detachment and emotionlessness of the fﬂrl:l'l may h,_av.'le h‘ehﬁdéﬁi
uge factionalism in science (Bazerman, 1988). Scientific writing lsleexma y s
ecause it is replete with colorful, invented words that reduce mmﬁ}[ Ix pm;‘c:,smmn}
singular identities (Halliday & Martin, 1993) (e.g., photosynthesis ane ular au ki)
Also commonly invented are scientific discoveries, which are often recons o
after the dust settles, fixed in time retrospectively bya suerlmﬁc cnmmur?kt};l o
nigan, 1981; Woolgar, 1976). But the more startling the claim, thf more : : nyor £
that there will be dust to settle. Discursive consensus in science is not as clea
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commaon as is generally believed. Intellectual divergence is normal, and the interpre-
tations of scientists may vary with their own sociocultural context (Mulkay, 1991).
Nevertheless, it would be an unusual scientific research manuscript that began
with a persanal statement about the investigator ‘s gender, race, religion, or ethnic-
ity. The official registers of science do not document an investigator’s personal and
social values, beliefs, and commitments, because, after all, facts speak for themselves,
The status of science is attributable in part to persistent myths. As Helen Longing
{1990} noted, science achieves objectivity through social means. We ought to be will-
ing to talk about it. Furthermore, students of science need those opportunities as
well. Longino (2002) offered four criteria for effective scientific discourse: (a) public
venues for the critical review of methods, facts, and the interpretation of data; (b) an
expectation of uptake—that investigators will respond to the substance of public
criticism; (c) the existence of public standards for evaluating claims, such as the cri-
terion that claims refer specifically to data in ways that can be generally understood;
and (d) that discourse occurs in a context of tempered intellectual equality—one
that recognizes inevitable differences in participants’ knowledge without denying
the less knowledgeable opportunities to challenge.

CONCLUSION AND IMPLICATIONS

Table 3.1 updates and extends Sutton’s (1998) framework. To his two articulations

of the role of language—1. a system for transmitting information, and 2. an inter-

pretive system for making sense of experience—I have added a third column: a tool

for participation in communities of practice. This third perspective reflects a con-

temporary emphasis on learning as a social accomplishment. Formal science is

much more than Scientist A convincing Scientist B that X is true. Scientist A's con-

ception of X is almost always the product of extensive work in a local community of
practice (such as a lab group), and the proposed definition of X may have emerged

there from a complex iteration of experiments, inscriptions, translations, conversa-

tions, arguments, informal talks, feedback from peers outside the group, method-

ological training, new experiments, etc. (see Knorr-Cetina, 1983). At the broader
disciplinary level, Scientist A and Scientist B probably share assumptions and un-
derstandings that are not recognized by others. Scientist C (and her group) may be
exploring the same scientific terrain with very different tools and assumptions,
leading to very different conclusions. Eventually, an agonistic struggle is likely, but
as Longino (1990) notes, that is the point of science. It is in the expectation and prac-
tice of public argument that science progresses. Conflict is not only permissible, it is
necessary. This does not mean that science is nothing more than mob psychology.
Usually arguments must be based on observable phenomena, but what counts as an
observation is something we agree to agree about.
An important problem for researchers using sociocultural tools—at least in

the United States—is that we are working in an era of accountability, and political
forces demand "objective” measures of student learning and educational produc-
tivity. Today’s emphasis on individual standardized testing is based on an assump-
tion that learning is an individual accomplishment. One implication of a sociocul-
tural perspective is that we need to develop better tools for evaluating learning in
complex social environments. Affordable new tools for video recording and analysis

m
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e e
TABLE 3.1. X
i i i Teaching
; i pecti the Role of Language in Science and Science
7 Fﬂﬂ 7 ‘hanging Pers| ves On
Gt Kol f Longage
Fa A system for g
- transmitti An inferpretive system b
g e :;ﬁ:rm::ﬂx for making sense of Amulfnrpmﬂwﬂm::
o (Suttom, 1958) experience (Sutton, 1998)  in commurities of practice
Vha speaker ing, telling,  Persuading, suggesting. Contributing to
E Wi-lmtﬂte reporting. ex-ploring, figuring. solution of a shared
&ﬁmmf s e problem.
b ws.l Recei niributing to the
What iving noting, ~ Making sense of Contrib
i ll.am &{:;t accumulating. another person’s solution of a shared
ﬂi doing. intended meaning. problem.
3 How languageis Clear transmission  Re-expression of ideas Mmhmﬁmm.
thought to work from teacher to 'I:'}rnpole.amm.er; = N
in learning learner; _
- - importance of learner s speech. language as soc::;l
teacher s speech. mnplfshmmm
How language is We find a fact, label  Our choices of words mmﬁ:mmd
4 thought to work it, and report it to inﬂumrehuwwg Ebers "‘is
i - tifi others. Words and others see things: discovery D“ln&en
mdimwe:}'xm 3 stand for things. highlighting some cnnsm.uﬂe_«:l ¥
- features and ignoring retrospectively.
others.

*Mote. “Characteristic” labels and the next two columns are based on Sutton (1998).

ional out-
i Iping researchers study language as an educationa g
Df&mmer g:'.e:tt 'E:ﬁnmeanm fusr_ 1I.:Ie‘c:-1&«*err.rIMlger. few science education researchers have de for
mal trauur]ug in sociolinguistics; after all, their undergraduate training ten me{:l ?;}
cur in the sciences. It would benefit our community to support the dﬂei?]:viﬂl g
graduate training programs that teach future researchers skills to wor
B ion i i e the prevailing view of
impli that we need to publicly challeng prev § s
learnin 'ﬁﬂgﬁdmmhﬂiﬁgﬁlmmphm t.F‘uﬂe must challenge that view with poli
cymakers parents as well as within our own mim rate; g
suﬁport t’::-'ﬁtdm development of social mufe&u:is ?mﬁmﬁ hk;lgr ﬁgﬁmﬂ .
vincing the public of the social nature of real sci ﬂﬂlﬂtﬂﬁmultofp ot
trition of talent from the scientific work force is in pa ¢ mmdmtandin
i individual accomplishment of unambiguous unders gs-
£ mﬁm collecting data in the form of natural language 15
Ewmarﬂ time-consuming and expensive. Because our community ].ac:t.s use-
ful standards gror the collection, transcription, analysis, cataloging, and g B{: s?]-cr:s—
linguistic data, data collected in one study are unlikely tubeusedagam.k E;m
ing this problem, university institutional review boards today often zﬁ as; i
ﬂ'IEt the use of video recording in precollege classrooms 1 muump;}m dﬂe -
cordings are locked away or destroyed after research is conducted. lopm:
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linguistics. As part of such an initiative, it would be useful to develop conventions
for metadata production and cataloging (e.g., through the Open Archives Initiative,
www.openarchives.org), as well as mechanisms for protecting human subjects
without the necessity of locking data away from other researchers. A corpus of such
data would be useful in both future research and for training new researchers,
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CHAPTER 4

Attitudinal and
Motivational Constructs
in Science Learning

Thomas R. Koballa, Jr.
Shawn M. Glynn
University of Georgia

This chapter examines the attitudinal and motivational constructs that are closely
linked to science learning,. First, we present a rationale for the study of attitudes and
motivation in the context of science learning. We then discuss the history of attitude
research in science education, define constructs prominent in this research, and re-
view recent attitude research findings. We review research methods and instruments,
students’ attitudes toward science and factors that influence them, and interven-
tions to change students’ attitudes. Next, we focus on motivation, highlighting the
historical background of theoretical orientations and discussing research on con-
structs of particular relevance to science education researchers. We conclude our
chapter by offering recommendations for future research involving attitudinal and
motivational constructs, noting implications for policy and practice.

At this point, we wish to acknowledge that it is impossible within the scope of
this chapter to evaluate every significant study in the field of science education that
addresses attitudinal or motivational constructs. Our goal is to provide the reader
with an overview of the role these constructs play in science learning through
strategic sampling of the relevant research.

Throughout this chapter we use the term construct to mean a scientific concept
that represents a hypothesized psychological function (Snow, Corno, & Jackson,
1996). Attitudinal and motivational constructs are used to account for and infer pat-
terns of science-related thinking, emotion, and action. They tend to be relatively en-
during within a person, but have the potential to change. According to Snow et al.
(1996), a construct identifies a unique dimension on which all persons differ by
degree and should be represented by more than one kind of data.

Effective science instruction has the potential to improve attitudes toward sci-
ence and heighten the motivation to learn science. Hands-on science activities, lab-
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