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Abstract
Onlinediscourse for aclass of 22 students (11 boysand 11 girls) was used to assess
advances in conceptud undestanding and literacy. The students worked over atwo-year
period (Grades 3-4), during which they contributed notes to a collaborative, multimedia
onlineknowedgebuilding environmentN KnowledgeForum™ . Contributionsreveaed
tha both boysand girls produced a subgantial anountof text and graphics, and tha ther
written texts incorparated an increasing proportion of less-frequent, advanced words,
induding academic vocabulary and domain-specific wordsfrom gradelevels highe than
ther own. Brief accounts of face-to-face classroom discourse indicate how degpening
undestanding and vocabulary growth mutudly suppot each other in online and offline
exchanges. Thegende differences that were observed show boysdoing dightly better
than girls, suggesting that knowledgebuilding has the potential to hdp boysovercome

weaknesses in literacy.



Developing Deep Under standing and Literacy while Addressing the Gender-Based

Literacy Gap

Introduction

With the advent of the KnowledgeAgelin which soda wealth is based uponthe
capability to create, advance, integrate, and use knowledge thereis need for a
multi-literate sod ety able to generate new knowledge and eductionto engage all
citizensin the process of knowledgecreation tha addresses disparities in achievement.
Almog hdf of Ontario gradethree students still fail to meet Ministry standadsin reading
and writing (Ontario Public School BoardsOAssodiation, 2004) And worldwide, boys
tendto lag behind girlsin conventiond literacy (OECD & UNESCO Ingitute for
Statistics, 2003; Ontario Public School BoardsOAssodation, 2004) How to raise thelevel
of literacy amongall students and boysin paticular represents an impaortant chdlenge
The pumpo< of the present study was to explore whether aknowledgebuilding approach
(Scardamalia & Bereiter, 1994, thisissue) might help with the parallel chdlenges of
degpe undestanding while hdpingto develop literacy amongboth boysand girls and
addressing theliteracy gap between them.
Developing Student Literacy in a Knowledge Building Environment

Recent research views literacy as a complex sodal practice learned throughdialogic

communication and apprenticeship into literate discourse communities (Applebee, Langer,
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Nystrand, & Gamoran, 2003. A nunbe of research initiatives explored howto use new
technologiesN computer-mediated communication in particularN to engage studentsin
authentic literacy communities. For example, Lamy & Goodfellow (1999 created the
Q_exica On-lineQenvironment to promote reflective convesation aroundlanguaye topics
and languae learning issues, with aspecia focuson vocabulary learning. Students were
required to download and read texts from the Web, extract and process vocabulary items,
and participae in onlinediscussion. Zhao and colleagues (Zhao, Englert, Chen, Jones, &
Ferdig, 2000 developeal the TELE-Web (Technology Enhanced Literacy Environment
onthe Web) system tha induded four central elements: Writing Room Reading Room,
Library, and Publishing Room, integrating multi-modeliteracy indruction (oral, listening,
reading, and writing). TEL E-Web was designal to engage studentsin an inquiry-driven
knowledgecondruction process, which necessitates active manipulation of information
from multiple sources, generation of texts, and different forms of interactionsand
discourse involving peers, teache's, and expets. Smilarly, Clarke and Heaney (2003)
doaumented an QAuthor on-LineO(AOL) project, in which pupis read novds related to a
topic, wrote bookreviews and critiques, and interacted with peers, theteacher, book
authors, and experts usgng an asynchronouscomputer conferenang environment.
According to arecent review (Warschauer, 2007) learning environments based on
synchronousand asynchronousonline communication can promote student-directed
interactions extendve authentic writing with genune audiences, and collaborative

reading.



Many of the studies on literacy learningin onlineenvironments imply aconnection
between languagelearning and knowledgebuilding. However, with rare exceptions(e.q.,
Thakkar, Bruce, Hogan, & Williamson, 2001) existing literature focuses exclusvely on
literacy practices in languaye classes and programs. The present study investigaes
student literacy practices as an important aspect of community knowledgebuilding across
content areas, exploring the possibility of developing literacy as an important by-produd
of produdive knowledgework. According to Scardamalia and Bereiter (1994 20086 this
issue), knowledgebuilding refers to a process in which members collectively generate
and improveidess of valueto thar community. This processis advanced through
trandormative, knowedgebuilding discourse aimed at continud ideaimprovement,
progressively expanding the base of conceptud facts. The knowledgebuilding processis
further suppoted by a computer-based knowledgebuilding environmentN Knowledge
Forum™ (see Scardamalia, 2004 for detailed descriptiony. KnowledgeForumisa
multimedia knowledgedatabase with a set of features suppoting collective knowledge
building. By authoring nates’, students contribute idess, questions empirical data,
reference material, peasond experiences/stories and so forth, to views, which are
workspaces for variousclugers of inquiry. Both notes and views can indudemultimedia
elements (e.g., text, graphics, video). Suppotive features for knowledgebuilding

discourse allow users to co-author nates, build on and annotte notes of community

! The italicized words in this section represent basic features of Knowledge Forum
referred to throughou this article.



members, create reference linkswith citationsto each other@ notes, add keywords and
create rise-abovenotes to summarize, distil, and advance thar discussions Knowledge
Forum also has GeaffoldsOto aid the creation of variousepistemic artefacts. Thetheory
building scaffold, for example, encourages students to write notes conforming to the
following: My theory,0Q need to undestand OONew information,OCT his theory cannot
explain,O better theory,0and QPutting our knowledgetogether.OTeachers and students
can cusomize the scaffold suppotts according to thar curricular and subject matter needs
Activity (reading, writing, building on, referendng, etc) is recorded automatically.
Andytic tools work as backgroundopeationsso tha paternsof contribution, revision,
and interaction for each individud and for the class as a whole can be quickly assessed
and fed back into the ongong process. Within the knowledgebuilding context, students
generate problems of undestanding, share new resources throughcoopeative reading,
and create/improve diverse ideas throughface-to-face knowledgebuilding discourse.
They contribute thar problems of undestanding, idess, data, and resources, generated
throughface-to-face discourse, reading, experiments, etc, to KnowledgeForumfor
continud improvement.

Knowledgebuilding practice in both online and offline environments creates diverse
demandsand oppotunities for high-level literacy practices, induding, wide, degp, and
coopeative reading (Scardamalia, Bereiter, Hewitt, & Webb, 1996) extensve and
authentic writing tha integrates multimedia el ements and involves real and responsve

audiences (Warschauer, 2007) and open, extended, and continuousdial ogic interactions
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focusng on authentic problems and degpening understanding (Applebee, 1996;Bakhtin,
1981;Cummins& Sayers, 1995;Nystrand, 1997 Swain, 2000;Zheao et a., 2000. Itis
thusreasonable to expect tha knowledgebuilding practice should facilitate literacy
development, indudingtextud, graphical, and dialogic literacy. Diaogic literacy refers
to theability to engage produdively in knowledgebuilding discourse whose purpoisto
generate new knowedgeand undestanding (Bereiter & Scardamalia, 2005. In the
knowledgebuilding process, idea advancement is the focus of the community, and
literacy development for theindividudsinvolved occurs as an important by-produd
(Scardamalia, 2003. This perspective has recently been suppoted by andyses of
studentsOvocabulary growth (Sun, Zhang, & Scardamalia, in press) and sophisticated
representationsof ideas in graphic notes (Gan, Scardamalia, Hong & Zhang, 2007)
Addressing the Gender Gap in Literacy

As an important aspect of the masculine disparity in school education, boy)
unde-achievement in literacy has become a disturbing issuein thelast two decades.
Significant gende differences were observed in bath performance and attitudetowards
languayelearning, revealing boyOcomparative disadvantagein every aspect of the
language curriculum (Gorman, White, Brooks Maclure, & Kispd, 1988;Millard, 1997;
Ofsted, 1993) A recent study evaluaed the reading achievement of fourth-grade students
from 35 countiesinduding Canada In al counties, boyshad significantly lower
achievement than girls (Mullis, Martin, Gonzalez, & Kennedy, 2003)

BoysOdisadvantagein literacy may beattributed to a nurber of biological,



psychological, sodal, and pedagogica reasons(Millard, 1997). In term of pedagogical
design, current literacy curriculumis heavily dependent on thereading and writing of
fictionschaacterigtic of themes like human relationshipsand feelings which are often
notof core interests of boys Aswell, literacy learning and assessment tend to exclusvely
focuson languaye classes, with literacy experiences in other subject areas and
out-of-school contexts largdy ignored. Online and multimedia literacy activities, which
are becoming inareasingly essential in therea world, are far unde-represented in the
curriculum. As recent studies suggest, boysdemongrate a perceived lack of purpose and
relevance in schoolwork, and show a geneaa lack of interest in print-based reading and
writing activities. On the other hand, they have stronginterestsin electronic and graphic
forms of literate practice, and are eager to @olliteracy in public ways andin rea-life
contexts (Alloway, Freebody, Gilbert, & Muspratt, 2002) To hdp boyscatch upin
literacy, schools need to adapt ther approach to literacy learning and teaching On ways
tha are more Goy friendlyQwithoutlosng sight of practices tha have enabled girlsto
succeed.O(Millard, 1997 p. 167) For example, theliteracy curriculum should place more
emphasis on learning from noniction texts, conneet literacy learning with thewhole
school curriculum to promote knowledgecondruction with texts, and draw on new
technologies and media to create live and stimulating contexts for literacy learning.

As has been noted previoudy, knowledgebuilding pedagogy integrates literacy
practice into efforts to advance undestanding in different curriculum domains increasing

the chances of bridging studentsCdiverse disciplinary interests with literacy work. More



importantly, knowledgebuilding practice is largdy driven by studentsCauthentic
problems, and unfoldsas a sodal and interactive process in which students pursue
sudained knowedgebuilding discourse as a community in both face-to-face and online
environments, with the online multimedia environment suppoting multiple modes of
representing ideas. Given tha knowledgebuilding practice has the abovepropaties, it
should be able to engage boysdeeply in literacy practice, and hdp both boysand girls
expand the scopeof ther textud encounters and develop languaye compeence. The
present study focuses on an indicator of conaeptud and literacy growth in aknowledge
building class: vocabulary. Theresearch question asks: Can boysand girls equdly
develop thar literacy, vocabulary in particular, by participaing in susained knowledge
building practice? This question is addressed through seconday andyses of an existing
dataset that traces a class of studentsQdiscourse in Knowledge Forum over two school
years (Sunet a., in press).

Method

Participants and Contexts

Participants were 22 students (11 girls and 11 boys fromthe Ingitute of Child Study,
alaboratory school affiliated to the University of Toronto. Mog of the students were
from amiddle class background.They were eight-to-nine-year old in Grade 3 and
nine-to-ten-year old in Grade 4. We andysed ther onlinediscourse over the two-year
periodN first in Grade 3 and then in Grade 4. In the two years, the students were taught

by two different teachers, with equivalent experience in knowedgebuilding pedagogy



and KnowledgeForum. As a pat of the science and sodal studies curricula, the students
investigaed worms, plants, as well as geography in Grade 3; and living things light, and
Medieval Timein Grade4. In these knowledgebuilding classes, the students collectively
geneaated questionsand ideas throughknowledgebuilding talks, searched and shared
informationfrom books theInterng, and other sources, generated experiments to test and
advance thar theories, and participaed in onlinediscussionsin Knowledge Forum by
writing new notesin views (i.e., paces for contributing and developing idess), reading
existing notes, and building onto each other@ notes to advance their commund
knowledge Problems, hypotheses, experimental findings and information resources
became the objects of susained discourse in both online and face-to-face environments.
Figure 1 shows studentsQdiscussionsin aview titled GPlants: CompogingQOin Grade 3,

togdher with anote abouthow plants grow.

Insert Figure 1 abouthere

Theprimary data source was studentsConline entries in Knowledge Forum over the
two-year peiod, supplemented with the teacher@ reflection joumass providing accounts
for theknowledgebuilding designsand specific classroomscenarios illugrating the
interplay between online and offline processes. We andysed student word use in thar
KnowledgeForum notesin each haf school year, which, for convenient purpose, we call

a GemesterOthat condsted of approximately five months Specific andyses of studentsO
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textsinduddd:

(a) Total wordsand distinct wordswritten. We calculated the number of total words

and distinct wordswritten by each student in thetwo yearsin Knowledge Forum. Among
thedistinct words we identified misspdled wordsand only counted the number of
correctly spdled distinct words

(b) Gradelevels of new words For each of thelast three semesters, we used the

andytic tools of KnowedgeForumto identify wordstha were used for thefirst time by
astudent (i.e., wordstha had not been used in previoussemesters). Then we classified
each new word as within or beyond Grade 4 based on the Basic Spdling Vocabulary List
of Graham, Harris, & Loynachan (1993. The Basic Spdling Vocabulary List contains
850high frequency wordstha accounted for about80% of therunning wordstha
elementary students acrossthe US use in thar writing on variousthemes and of different
genres, with 813wordsassigned to thefourth and lower grades. This vocabulary list may
notbeable to reflect the exact picture of word use among Canadian students, however, it
provides agenea scopeof basic written wordsamongyoungsers, and has been widdy
used by researchers and educators from English-speaking countries.

(c) Lexical Frequency Profiles. To assess the growth of studentsOprodudive written

vocabulary over thetwo years, we used a measure of Lexical Frequency Profiles, which
assesses studentsOvocabulary in use by andysing the percentages of word families at
variousfrequency levelsin apiece of written work (Laufer & Nation, 1995) Use of low

frequency wordsis an indicator of richnessin alearne's vocabulary (Nation, 2001). A
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program called Ranged(Nation, 2007) was used to andyze the Lexical Frequency
Profiles for each student® notes in each semeseter. Three wordlists were used in this
andysis. first 1,000word families, second 1,000word families (West, 1953) andthe
Academic Word List (Coxhead, 1998) The Academic Word List congsts of 570word

families (e.g., assume, establish, condude andyse, assess, category) tha are notin the

modg frequent 2,000word families of English, butoccur at areasonably high frequency in
academic texts of different disciplinay areas. These academic wordsare typical of
academic discourse, allowing writers to write in an academic way, referring to othersO
work and working with data and idess.

(d) Use of domain-specific vocabulary. This andysis was performed based ona

sample inquiry onoptics conduded in the second semester of Grade 4. Over four months
thestudentsinvestigated a rangeof core issues aboutlightthroughalargdy emergent
process (see Zhang, Scardamalia, Lamon, Messing, & Reeve, 2007) From The Ontario
Curriculum of Science and Technology (Grade 1-8), two codeas coopeatively identified
89 domain wordsrelated to light, induding names of core conapts, optical devices and
optical phenomena Mog of these wordscome from: (a) Matter and Materials (Grade 4):
Materias tha tranamit, reflect, or absorb light, (b) Energy and Control (Grade 4): Light
energy; and (c) Energy and Control (Grade 8): Optics. A few wordswere identified from
Earth and Space Systems (Grade 1) (e.g., hedt, light, sun, shadow, etc.), and Earth and

Space Systems (Grade 6) (e.g., stars, solar, luna, eclipse). We created awordlist

composed of these 89 wordsas well as thar grammatical variations(e.g., absorbs
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absorbed, absorbing for absorb), with atotal of 180 words Using theandytic tools of

KnowledgeForum, we traced the occurrences of these wordsin studentsOnotes in the
optical discourse.
Results

Student Writing Over the Two-Year Period

Theonlinediscourse of the students induded avariety of genres of writing. They
stated important questions proposd and developed idess, reported experiments, narrated
persond experiences and observationsto elaborate and judify thar idess, introduced new
information from authoritative sources, commented on each otherG notes to improve
idess, and reviewed and summarized thar discussionsto achieve a highe level of
conceptudization (see Zhang et a., 2007for detailed andyses of these content
categories). Over thetwo school years, students wrote an average of 61.90 notes
congsting of 3,867.55 tokens (total words) and 715.45 types (uniquewords excluding
misspdlingg, and read 46.50% (equivalent to a number of 566 84) of the notes of the
community. As Table 1 shows, boyswrote a significantly larger number of correct

distinct wordsthan girls, with no significant difference in the number of total words

Insert Table 1 abouthere

Literature expresses a concern over theunegud engagement of boysand girlsin different

subjects, with boys more deeply involved in naura science (Zoha & Sela, 2003) Can
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knowledge building engage boys as well as girls in inquiry of both naural and soda
science topics? To clarify this issue we andysed student writing and reading in three
knowledge building initiatives implemented in Grade 4: (a) Light, an important area in
physcs, which is usudly seen as an example of hard science; (b) Living things (e.g.,
characteristics of living things biomes, symbiogs, evolution, and phobsynthesis), an
example of science but not as GigorouDas physcs; and (¢) Medieval Time, an area of
history and sodal study. Figures 2 and 3 show thetotal wordswritten and percentages of
notes read by the boysand girlsin thar online discourse. The students wrote more words
in the lightinquiry than in the other two inquries (F (2, 19) = 30.23, p < .001) without

significant gende difference (p > .05).

Insert Figure 2 abouthere

TheGradelL evels of New Distina Words

As Table 2 shows, both boysand girlsintrodued a growing number of new distinct
wordsin each semester, alarge propottion of which were beyonda Grade4 level
according to the Basic Spdling Vocabulary List for Grade 1-5 (Graham et al., 1993)
Boysseemed to have induded more new wordsthan girlsin thelast two semesters (p

<.10) andincorporated more uppe gradewordsin thelast semester (p =.05).

Insert Table 2 abouthere
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Lexical Frequency Profiles

Our further andysis looked at the Lexical Frequency Profiles of studentsOnotesin
each semester by andysing thar use of different bandsof words (see Figure 3 throughb).
Repeated measure ANOVASs were used to examine differences in percentages across the
four semesters with gende as a between-groupfactor. Alongthefour semesters, both
boysand girls tended to use a decreasing propation of the1¥ 1000words (F (3, 60) =
58.73,p < .001), with alower propation of the1¥ 1000wordsfor boysthan girls (F (1,
20) = 5.68, p < .05). When it comes to the propartion of the2™ 1000words there was a
noticeable interactive effect between semester and gende (F (3,60)=2.77,p = .05).
Tests of simple main effects indicated tha boysused an increasing propottion of the 2™
1000wordsaongthe4 semesters (F (3, 18) = 5.50, p < .01), with no congstent growth
for girls. Both boysand girlsincorporated an increasing propottion of academic
vocabulary alongthefour semesters (F (3, 60) = 33.08, p < .001), with no significant
gende difference (p > .10). There was a naticeable increase for every studentin the

propottion of academic words induding theleast active students.

Insert Figure 3 abouthere
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Insert Figure 4 abouthere

Insert Figure 5 abouthere

Use of Domain-Specific Vocabulary

This andysis was performed based on the studentsOstudy of optics in the second
semester of Grade 4. Over four months the students created 287 notes in seven viewsin
KnowledgeForum. Ther discourse covered al therequired topics listed in The Ontario
Curriculum of Science and Technology for Grade4, as well as many topics expected for
Grade 8, for ingance, lightwaves, color vision, colors of opagueobjects, concave and
convex lenses, etc. Pre- pod-test results showed significant knowedgeadvances for
individud students. Ratingsof studentsOidess in the knowledgebuilding discourse
indicated tha they had moved from intuitive undestandingsof optics to scientific
accounts (see Zhang et d., 2007for these andyses).

In thediscourse, this community used 120 of the 180 domain-specific words
(induding grammatical variations) and 71 of the 89 lexemes identified fromthe
curriculum aboutoptics. The studentsincorporated almog all theoptical vocabulary at or
bdow Grade 4 (41 out of 46) and much of thevocabulary expected for uppe grades (30

outof 43) into ther onlinediscourse. To exemplify how students appropriated new
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domain-specific vocabulary into knowledgebuilding discourse, we looked at inquiries of
how light travels, as reflected in classroom, face-to-face discourse and in Knowledge
Forum, aided by the classroomrecords of the teacher. The problem of Chow light'
travelsOcaught studentsQinterests. They first came up with theidea tha lighttravelsin a
straightline Later, by talking with an unde who had a science background, SL picked up
the conaept of light wave, which he appaently recognized as something he and his
classmates needed to undestand. According to the Ontario Curriculum, undestanding
of Qight waveQis expected for studentsin Grade 8. The appaent contrast between
"straightlin€' and "wave" triggered a debae among the students. In a classroomtalk, EL
spokeaboutthe wave theory of Christiaan Huygens as foundin abook:Light lookslike
little "c" emitting from the source. CJL presented his experiment origindly conduded by
Thomas Young,in which light, passing throughatiny hole in cardboad, produces two

light spots on aboad hdd behind the onewith thehole. He conduded tha the hole

separates the wavelengths of light and causes usto see two light spots thusproving that

lighttravelsin waves. Asthey would nomally do, after thisface-to-face talk, students
loggel into KnowedgeForum to record their important ideas and problems arising from
thetalk. As an example, Figure 6 shows CJL® note on Thomas Young®experiment. The
students continued ther discussion online and generated diverse explandions A

conaceptud advance was achieved when JD made a Qise-aboveOnote of these

! Italic words in this section represent domein-specific words identified from the
curriculum doaument.
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perspectives by saying:  QPutting our knowledgetogeher, E lighttravelsin astraight

linebutit isawave. Light is made up of the electromagnéic waves.OThis then became a

new object of discussion. StudentsGdeepening understanding and vocabulary expanson
appeared to mutudly suppot each other, contributing to theknowledgework of the

community.

Insert Figure 6 abouthere

On average, each student used 4350 (SD = 8.63) of the 120words Theaverage
number of occurrences of such wordswas 207.08 (SD = 9342). As Table 5 shows, boys
used more distina domain wordsthan girlsin thar discourse on light (p < .05), with no

significant gende difference in the number of total domain words

Insert Table 3 abouthere

Discussion
To investigate whether sugained knowledgebuilding practice can hdp bath boys
and girls elaborate scientific conoepts and develop ther produdive written vocabulary,
this study andysed vocabulary used by elementary students in text and graphics notes

contributed to thar online knowledgebuilding discourse over two schoolyears. We
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also consdered results from related studies of growth in graphical representations(see
Gan et a., 2007for details) andidea advancement (Zhang et a., 2007) There were
subgantia increases in the amountof written text produced in Knowedge Forum over
thefour semesters, by both boysand girls. In each semester, they incorporated alarge
number of new words 40.65% of which were beyonda Grade 4 level. Theandysis of
Lexical Frequency Profilesindicated tha studentsincreasingly used less frequent words
in thar discourse. The number of distinct wordsin student writing should notbe
undestood as the actud size of studentsOprodudive written vocabulary. However,
according to Laufer and Nation (1999, there are strong correl ationsbetween learnarsO
Lexical Frequency Profiles andther vocabulary size as measured by direct testing.
Learners who used lower propottionsof high-frequency wordsin thar texts scored highe
in thevocabulary test. Existing research (Nation, 2001) suggests that the changeof
Lexical Frequency Profilesin free writing takes alongtime. It is not easy to bringlow
frequency wordsinto produdive use. The present study observed changesin studentsO
Lexical Frequency Profiles, suggesting that alongthe knowedgebuilding practice, the
produdive written vocabularies of these students increased subdantially.

It is particularly noteworthy tha there was a significant increase for both boysand
girlsin the percentage of wordsfrom the Academic Word List. For example, students

widdy used wordsfromthefollowing word families: theory, design, create, debae,

evidence, hypotess, approach, chdlenge clarify, identify, expand, adjud, link, category,

condude coopeate, and so forth. Vocabulary choice is a strongindicator of whether the
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writer has adopted conventionsof therelevant discourse community (Nation, 2007).
Writers with academic purposes need to gain control of the academic vocabulary in order
to berecognized as amember of the academic writing community. Theliterature suggests
these wordsare hard to learn and use, and mainly developed |ate throughseconday and
highe education (Corson, 1997) Theknowledgebuilding practice examined in this study
created rich oppotunities for students to encounter academic vocabulary in various
authentic contexts (e.g., reading, talking, online discussiong and bring the vocabulary
into produdive use in knowledgebuilding discourse, the sort of oral and written
dialogues tha academic communities typically use to advance knowledgein afield
(Bereiter & Scardamalia, 2009.

Theandysis of theknowledgebuilding discourse in the optical inquiry showed tha
students addressed many deep issues in thedomain, building on ther intuitive
undestanding to achieve more cohaent, scientificideas. Coindding with the processes
of deepening undestanding, their knowedgebuilding discourse incorporated almog all
the domain-specific terms expected for Grade 4 or bdow, as well as about3/4 of those
expected for uppe grades. They collectively identified important conaepts from multiple
sources (e.g., reading materials, diadlogues with adults, peer talks, experiments), turned
them into objects of sugained inquiry and knowledge building discourse in bath online
and offline environments, and used them as tools to unde'stand degper issuesin the
domain. Asour earlier andyses revealed, there was a significant correlation between the

total occurrences of the domein-specific wordsin studentsOnotes written for the optical
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inquiry and the complexity level of thar undestandingssummarized in ther portfolio
notes as rated on afour-point scale fromundaborated facts to elaborated explanaions
(Sunet d., in press). Produdive engagement in disciplinary knowledgebuilding and
literacy practices (e.g., learning of new vocabulary, written discourse, reading for
problem solving, classroomtalk) appear to be suppotive of each other,

While both boysand girls were able to develop thar vocabulary alongthe
knowledgebuilding discourse, theboysin this study outperformed girls on a numbe of
indicators. Asthey proceeded with knowledgebuilding, boystended to write alarger
number of distinct wordsin ther discourse. Particularly, they incorporated more distinct
wordsbeyonda Grade 4 level, words of the 2" 1000 word families, and technical terms
relevant to thedomain of inqury. These results suggest tha knowledgebuilding practice
has the potential to engage boysactively and productively in literacy work. It can hdp
integrate literacy work into authentic inqury in variouscontent domains To solve
authentic problems and improveideas in acontent domain, students read awidevariety
of materials and paticipae in sugained, knowledgebuilding discourse tha involves
multiple genres of writing, inareasing the scopeof thar textud encoungers. The
knowledgebuilding discourse is suppoted by the online multimedia environment of
KnowledgeForum, which encourages collective advancement of knowledgein a public,
communicative space. All these propeaties seem to be able to adgpt literacy work ina
way tha can accommodate the preferences of boysas identified by researchers (Alloway

et a., 2002;Millard, 1997) and develop ther literacy in amore effective way. These
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efforts will not disadvantage girls by altering the conditionsunde which they succeed in
language classes. But rather, by paticipaing in knowledgebuilding practices, girls will
also beable to expand ther literacy engagement (e.g., nonHictions visud and digital
literacy) and have ther literacy strengthsupdaed in the era of information technology
and knowedgeinnovaion.
Conclusionsand Implications

Based on the andyses of studentsOvocabulary usein extended knowledgebuilding
discourse, theresearchers suggest that sugained knowledgebuilding practice can engage
students of both gende's in important concgptud work, reflected in contributionsto a
multimedia knowedgebuilding environment that engages them in multiple forms of
literacy. The knowledgebuilding approach, suppoted by this environment, has the
potential to hdp boysovercome their weaknessesin literacy, especially throughadvances
in thar produdive written vocabulary embedded in text and graphic notes. Alongwith
earlier andyses of studentsOvocabulary growth (Sun et al., in press) and graphical
literacy (Gan et al., 2007) this study provides further evidence for the possibility of
developing studentsQliteracy as a by-produd of knowledgebuilding (Scardamalia, 2003.
Advances are reflected in both written and graphics produdionstha were indgpendently
assessed as demondrating significant ideaimprovement. Establishing the finding that
deep, sudained work with knowledgeand idess resultsin subdantial gansin literacy has
significant implicationsfor school reform: Solid literacy training and creative knowedge

work, essential for education for aKnowledgeAge, can be actudized throughthe same
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process, as knowledgebuilding focuses on susained idea advancementin a
communicative, multimedia surround,thusenabling literacy development as an important
by-produd of susained work with ideas. This findng points to a new, active approach to
developing high-level literacy and clogng literacy ggoswithoutneeding to limit time and
resources committed to susained knowledgework. Specific designissues for facilitating
literacy learning in knowedgebuilding classes (e.g., coopeative reading of difficult texts,
collective responsbility for languaye use) were elaborated in an earlier pgpe (Sunet d.,
in press).

Thefindingsof this study were derived from andyses of arelatively small sample
of students based on naurally generated discourse daa. Furthe studies need to
re-examinethese findingsusng a control group design amonga larger sample of students,
use multiple measurements to assess student vocabulary growth (e.g., direct test and
essay writing), encompass other literacy performances such as writing qudity, and
provide deeper, quditative accounts for studentsQliteracy work and knowledgebuilding
outside of KnowledgeForum.
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Tables:

Tablel

Total Wordsand Distinat Words Written over Two Years.

Boys Girls T (df) p
Mean (SD) Mean (SD)
# of tota 379818(228114) 266318(58324) 1.60(11.3) 14
words
# of correct 80055(23137)  63036(93.81) 2.26(20) .04*
distinat words

Note. * p<.05
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Table 2

The Number of New Distinct Words and New Words Beyondthe Grade 4 Levdl.

Boys Girls T (df) p
# of new words Mean (SD) Mean (SD)
2" semester 113.73(5432) 98.18(39.76) .77(20) 45
3" semester 28100@4.77) 22409(6367)  1.78(20) .09
4™ semester 37736(9599) 312556769  1.83(20) .08
# of new wordsbeyond Grade 4
2" semester 6455(4144) 4991(2065) 1.05(20) 31
3 semester 18818(70.74) 15055(@4671)  1.47(20) 16
4™ semester 28491(8342) 2254547300  2.06(20) .05

Note. New words were defined as words tha were used for the first time and had not
appeared in writing of previous semester(s). Words used in the first semester were not

induded in thisandysis.
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Table3

Use of Domain-Specific Wordsin the KnowledgeBuilding Discourse on Light

Boys Girls T (df) p

Mean (SD) Mean (SD)

Distinct 50.82(7.14) 4244(8.23 252 (20 .02*
matches

Total matches 25373(12300) 192733393 159(11.51) .14
Note. * p< .05
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