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Abstract
The development of scientifically literate citizemsmains an important priority of
science education; however, growing evidence aesits’ disenchantment with school
science continues to challenge the realisationhaf &im. This triangulation mixed
methods study investigated the development of 5gr@de students’ scientific literacy
through their participation in an online sciencetiwg project on the socioscientific issue
of biosecurity. Children from eight intact sciendasses wrote a series of short stories
that integrate scientific information with narragistorylines. We call these hybridized
scientific narrativesBioStories. The students’ BioStories were quantitatively ssed
using a series of specifically-designed scoringrited that produce numerical scores that
reflect students’ developing fundamental and derigenses of scientific literacy. In
addition, the students also completed an on-linertistyle questionnaire, tH&oQuiz,
which examined selected aspects of their affecatdvecience and science learning. The
results suggest that the students’ participatiathénproject enhanced their awareness and
conceptual understanding of issues relating todwimsty, while writing differently about
a socioscientific issue developed a more positiffect toward science and science
learning, particularly in terms of the studentdeimest and enjoyment. Implications for
research and teaching are also discussed.



Introduction
International assessments of scientific literacgartaken by TIMSS (Trends in International
Mathematics and Science Study) and PISA (Prografemiternational Student Assessment)
have sought to determine the degree to which stadare prepared with the skills and
knowledge they need to participate fully in societgon completion of compulsory education.
In recent years, the goal of science educatiorchoals has broadened to encompass more than
simply doing science (i.e., creating or recalling scientific Wwhedge) Millar and Osborne (1998)
reported that students should demonstrate theyatnliassess the significance of scientific and
technical information; to evaluate evidence, dgtish theories from observations, and critically
evaluate the validity of scientific claimi can be said, therefore, that a (if lo¢) key goal of
science education should be the development oftsitiditeracy (Sadler, 2004b).

Although the development of scientific literacy hasme to represent a key priority of
science education, it is well-known that disengagi@inis a common and widespread problem in
secondary science classrooms, which is reflectestudents’ disenchantment with the science
curriculum, and declining enrolments in sciencessts beyond compulsory schooling (Dekkers
& De Laeter, 2001; Hackling, Goodrum, & Rennie, 20Qyons, 2006; Tytler, 2007). Middle
school students (i.e., Grades 6-9) demonstraterltavels of interest in science as they become
less engaged in school science activities (GoodHawakling, & Rennie, 2001; Logan & Skamp,
2008; Osborne & Collins, 2001; Woolnough, 1994) &wample, an analysis of attitudinal data
from the TIMSS 2007 survey found that the propaoriod Australian students who had a positive
affect toward science dropped from 78% ‘thgtade to only 47% in"®grade (Martin, Mullis, &
Foy, 2008). This deterioration in students’ attéadoward science is a concerning issue for
science educators, as it threatens the developaiemtscientifically literate future citizenship
who uses natural, scientific and technological weses responsibly for a sustainable future
(Linder, Ostman, & Wickman, 2007; Tytler, 2007).bSaquently, educators continue to call for
teaching and learning strategies that promote #weldpment of scientific literacy, and engage
students in the learning of science, particulanlyhe middle years of schooling (e.g., Fensham,
2007; Prain, 2006).

A number of studies have shown that diverse writagks that include imaginative or
creative writing can have strong motivational effeon students (Hildebrand, 2004; Negrette,
2004, Yore, Bisanz, & Hand, 2003). Furthermore,tertualizing learning within contemporary
socioscientific issues can engage students whileldging their understanding of scientific
phenomena, the skills necessary to make informedsidas about topical issues and
information, and an appreciation of the role tr@aesce and technology plays in both the local,
wider and global communities (Sadler, 2004a; Safilgeidler, 2005a, 2005b; Sadler, Barab, &
Scott, 2007). This study investigates the learrérgeriences of eight intact'@rade science
classes as they engage in the writing of shoriestdhat merge scientific and narrative genres
(i.e., hybridized scientific narratives) about #acioscientific issue of biosecurity, as a way of
developing their scientific literacy.

View of Scientific Literacy Adopted in Current Study
In his extensive review of scientific literacy aitd role in science education, Roberts (2007)
highlighted two “potentially conflicting” (p. 729Yisions of scientific literacy that have very
different implications for curriculum planning armksessment: Vision | is focused on the
importance of science subject matter (i.e., sdientiteracy as viewed from a scientists’
perspective); and Vision Il, which emphasizes tbatexts in which citizens will encounter



science, and acknowledges the ways in which scief@gs a role in human affairs (i.e., the
socioscientific role of scientific literacy)

Roberts argued that there are dangers in over-esigig either Vision | or Il in any
science curriculumVision | would have students view the world throubk eyes of a scientist,
which is problematic, as it would narrow “the stntle experience with the breadth of science as
a human endeavour” (p. 76 Hurthermore, it is concerning that Vision Il maétnmnay only be
included as a means of motivating students in lesdéisenhart, Finkel and Marion (1996)
argued that there is also an implicit assumpti@t thaching students scientific knowledge and
methods of inquiry will result in the socially respsible use of science, or a citizenry that will
involve themselves in scientific discussions antaties Conversely, Vision Il programs may
not focus sufficiently on scientific content (Rotser2007)

For the purposes of this study, a view of scientifieracy as citizen preparation that
draws upon both Visions | and Il has been adoptdbérts, 2007). Although science is
traditionally perceived as a “coherent, objectised unproblematic body of knowledge and
practices ... [ijn everyday situations, citizen thimk may offer a more comprehensive and
effective basis for action than scientific thinkingRoth & Barton, 2004, p. 7). While students
engaged with a socioscientific issue as a meadgwdloping positive affect toward science and
science learning (Vision Il), an emphasis also pkxed on the development of conceptual
science understandings (Vision I).

Research Problem
The current study extends previous national arefmational research that has established a link
between writing and learning science, with paraicuemphasis on scientific literacy, the
examination of students’ written artefacts to asgerconceptual understanding, and students’
affect toward science and science learning. Itstigated the development df grade students’
scientific literacy through their participation ian online science-writing project. The
participants in the study authored a series of idig®d scientific narratives, or short stories that
integrate scientific information about the sociestific issue, biosecurity (i.e., BioStories).
More specifically, the following research questiovere investigated:

1. To what extent is the scientific literacy of' Qrade students enhanced through the
construction of hybridized scientific narrativeabbiosecurity?

2. To what extent do students who author hybridizedngidic narratives about biosecurity
demonstrate conceptual understanding of relateshsiic concepts through their written
artefacts and in interviews about the artefacts?

3. To what extent does students’ participation in BieStories’ project influence their
attitudes toward science and science learning?

It has been suggested that no single writing task e used to engagdl the dimensions of
scientific literacy (Hand, Prain, Lawrence, & YorE999); therefore, three important aspects
have been explored in the current study: concepttiahce understandings, the students’ ability
to transform scientific information and write sesiabout biosecurity, and affect toward science
and science learning. Norris and Phillips’s (2088{ions of scientific literacy, and the definition
adopted by PISA (OECD, 2006) guided the selectidhese aspects for investigation.



Research Design & Procedures
In exploring notions of scientific literacy, Norr@d Phillips (2003) argued that coming to know
science requires competency in two notions of s$ifieniteracy. They made a distinction
between thdundamental sense of scientific literacy (reading and writsience content), and
the derived sense (being knowledgeable, learned and educatetiénce). They argue that
“conceptions of scientific literacy typically attno the derived sense of literacy and not to the
fundamental sense” (p. 224). A distinction has &lsen made between a simple and expanded
sense of fundamental scientific literacy (i.e., ating texts, and inferring meaning from text,
respectively) (Norris & Phillips, 1994, 2003). Theestigation of students’ conceptual science
understandings in the current study represent matksense of scientific literacy, while their
ability to write stories about biosecurity throutite transformation of scientific information is
indicative of their simple and expanded fundamesé&aises of scientific literacy, respectively.
In-keeping with the view of scientific literacy aitizen preparation adopted by this study,
students engaged with conceptual science undemsgandt a level that was appropriate in the
context of everyday conversations about sciencd faos in the context of their hybridized
narratives about biosecurity). In other words, ntltgipth of understanding was not intended to
eclipse that of practicing scientists (an unreaBtmaxpectation, argued by some) (Sadler,
2004b).

In addition to these aspects of scientific literaaffect toward science and science learning
was also selected for investigation, as this stsmlyght to determine whether middle school
students’ participation in an alternative writirgearn science strategy would improve their
disposition toward science. This aspect of scierlittracy has been acknowledged by PISA, in
that a scientifically literate person should denm@is an “awareness of how science and
technology shape our material, intellectual, anltlical environments; and willingness to engage
in science-related issues and with the ideas einsei, as a reflective citizen” (OECD, 2006, p.
23).

Through their participation in the project, studentrote a series of three BioStories (i.e.,
Parts A, B and C). The first two tasks requiredisthis to complete unfinished narratives about
biosecurity through the provision of writing temiga (Appendix A), while the third and
culminating task asked the students to compose th&i unique BioStory. The tasks examined
the socioscientific issue of biosecurity, and tlytouheir participation in the writing tasks,
students learnt about a number of different biaalgincursions that threaten natural and/or
agricultural ecosystems in Australia (e.g., firésatilapia, citrus canker, avian influenza). The
ability to negotiate socioscientific issues in nmakinformed decisions may be considered an
important component of scientific literacy (Kolst2Q01; Sadler et al., 2007; Zeidler, Sadler,
Applebaum, & Callahan, 2009). According to Prai®(®), if socioscientific issues form the
subject of students’ diversified writing tasks, ithscientific literacy can be enhanced by
“developing their interest in and capacity to appbrentific thinking to social issues for the
purposes of informed action and critique ... studéedsn to cross borders between specialist
and more popular genres and readerships” (p.. Bd03ecurity is a topical socioscientific issue
that is not particularly suited to scientific inquiapproaches, thus it can be difficult to teach in
such a way that engages studeirisaddition, it situates the students’ learninghwita real-
world context, thereby enhancing its relevance fostering engagement with the topieor
these reasons, biosecurity is an ideal theme feitype of instruction

The students’ uploaded their stories to a dedicBie&tories’ website, where they could
be viewed and evaluated by their peers. The stadactessed this website throughout the



project. It contained all necessary resourcesydiol the BioQuiZi.e., a student questionnaire),
digital resources (i.e., links to information abaqarticular biological incursions supplied by
government departments), story templates that dugledent use of digital resources in the
composition of stories, student artefacts (i.empleted stories that were uploaded), and peer
reviews of the uploaded stories.

This study adopted a triangulation mixed methodsgmein which both qualitative and
guantitative data were generated and merged tdajeeedeeper understanding of the research
problem (Creswell, 2005). Triangulation designs bora the strengths of both types of data, in
that quantitative data enables the identificatidntrends that can be generalised across the
sample population, while qualitative data facibsta deeper understanding of the context
(Creswell, 2005). In this study, quantitative as&yof the students’ written artefacts (i.e., Parts
A, B and C, as well as a sample of their sciendéngrprior to their participation in the project
— a report on a disease that affects a systeneihudiman body), and their affect toward science
and science learning, were complemented by quaétdaechniques (namely, a detailed case
study, and student and teacher interviews) thabguaothe students’ conceptual science
understandings and their perceptions of learnifense.

The study was conducted in Semester 1, 2008 [flay, to July) in a co-educational
urban school in Australia, with 152"9grade students and their teachers. The participant
represented eight intact science classes, andabheiage age was 14 years.

In addition to authoring their BioStories, the papating students also completed the
BioQuiz, an online, Likert-style questionnaire, oo occasions: once prior to commencement
of the project, and once upon completion. The umsént consists of 29 items organised in six
subscales that examine the students’ interest amnileg about science, their capacity for
particular science-related tasks (science sel&atfy), their perceived personal and general value
of science (i.e., two separate subscales), themilitaity with biosecurity issues, and their
attitudes toward biosecurity. The BioQuiz was adddrom the internationally validated 2006
PISA Student Questionnaire administered to 15-gédrstudents (OECD, 2006); however, as
significant modifications were made (e.g., a newbssale was createdittitudes toward
biosecurity), and the instrument was implemented with @ade students, its reliability and
validity was further scrutinized for this particuleohort of students.

Principle component and item reliability analysesducted in SPSS, confirmed the six-
factor structure of the BioQuiz, on the basis ditltcorresponding itemsnterest in learning
science (ILS), Science self-efficacy (SSE),Personal value of science (PVS), General value of
science (GVS), Familiarity with biosecurity (FB), andAttitudes toward biosecurity (AB). Each
factor demonstrated excellent Cronbach’s alphalgiiy (or internal consistency) at pre- and
posttest: ILS, 0.90 and 0.90; SSE, 0.85 and 0.89%, .88 and 0.88; GVS, 0.85 and 0.87; FBS,
0.81 and 0.88; and AB, 0.89 and 0.90. Changes iannmscores for each subscale were
investigated using paired-samplégests to determine statistical significance. Iredefent-
sampleg tests were also conducted to explore any posgéider or class interaction effects.

Quantitative analysis of the students’ BioStorieaswfacilitated by a number of
specifically-designed scoring matrices which praucmumerical scores that reflected their
developing scientific literacy. A derived scientifiteracy score was calculated to serve as an
indicator of the students’ conceptual understarglirdated to biosecurity, while a fundamental
scientific literacy score was produced to reflelseit ability to write short stories about
biosecurity (i.e., a simple fundamental sense iggiic literacy).



A single science class was selected as the focasdetailed case study, based on a range
of performances demonstrated in the BioQuiz, asgudisions with the class teachers. Three
BioStories written by each student in this classewde subject of analysis. A sample of their
science writing prior to their participation in tpeoject was also analysed.

The students’ responses to the BioQNz152) and artefacts authored by the case study
class N=26), were quantitatively analysed for evidencethsir developing scientific literacy
(i.e., conceptual science understanding, and affeatard science and science learning).
Qualitative analysis of semi-structured interviemith students in the case study class, and with
the science teacheml£7), in addition to classroom observations, weredu® complement and
gain a deeper understanding of the quantitatiwairios.

Findings
Quantitative Results — BioQuiz Analysis.
Analyses of the BioQuiz data were conducted to esklrthe question, to what extent did
students’ participation in the BioStories’ projeebhance their interest in learning science,
familiarity with biosecurity issues, attitudes tawaiosecurity, and their perceived self-efficacy
with science-related tasks, and personal and gewaige of science? A number ptests were
performed as a means of addressing this questiommstigating significant interactions
identified by univariate tests, and their impact80oQuiz scores.

Did BioQuiz Scores Overall Change from Pretest to ésttest?

Paired-samplestests demonstrated an improvement in BioQuiz sdooes pre- M = 13.2,SD

= 2.49) to posttest = 14.10,3D = 2.36),t(176) = -6.38p < .01. Effect size, as measured by
Cohen’sd, was 0.48, which is indicative of a medium eff@@bhen, 1988).

Did BioQuiz Scores for Each Subscale Improve from ietest to Posttest?

A statistically significant improvement was obsete the interest in learning sciendélp2) =
-5.66,p < .01,d = .42], science self-efficacy(l52) =-3.11p = .002,d = .23], personal value of
science (152) = -3.06p = .003,d = .23], general value of sciena¢lp2) = -4.59p < .01,d =
.34] and familiarity with biosecurity item$(152) = -4.40p < .01,d = .33] (Table 1). Small to
modest effects were observed in each case, theslagf which was observed for interest in
learning scienced(= 0.42), which represents the greatest improverpestest to posttest. No
statistically significant change in the attitudeward biosecurity items was observgd52) = -
0.23,p = .82.

Independent-samplestests found no differences in the ways in whictisgand boys
responded to the BioQuiz, and no significant cldifferences. Together, these findings suggest
that the BioStories’ project was implemented umflyr across classes, and there were no
observable differences in the ways in which boys girls responded to the BioQuiz.



Table 1. Significant results of the paired-samplassts, which examined changes in students’ mean
BioQuiz scores, pretest to posttest. Results fduedes toward biosecurity are not shown, as nois@ant
change was observed for this subscale.

Mean Mean

Variable 1 (SD) Variable 2 (SD) tvalue df Sig. Cohen'sd
Pre-interest (égg) Post interest (523) -5.663 152 .000* 0.42
Z]:f?c;ig (g'_g% Zf?iitaiilf' (gzég) -3.106 152 .002* 0.23
Pregeneral 300 Postgeneral 312 45 152 o0 034
e 7a e @y 05T 152 003 023
gﬁ{mamy (g'_%) Post familiarity (g:gj) 4400 152 .000* 0.33

* Significant at the 0.008 level (2-tailed).

Quantitative Results — BioStories Analysis.

Unlike the previous analysis, the BioStories autddoy students in a single science class were
analysed. Analysis of the BioStories was condutteatidress the fundamental question, to what
extent is students’ scientific literacy enhancetbuigh their participation in the BioStories’
writing tasks? More specifically, three researchsiions were investigated:

1. Were there statistically significant improvements students’ derived scientific
literacy scores across Parts A, B and C of theaSBiries?

2. Were there statistically significant improvements students’ derived scientific
literacy scores from their pre-writing sample, &rt8 A, B and C of their BioStories?

3. Were there statistically significant improvemenissiudents’ fundamental scientific
literacy scores across Parts A, B and C of theaiSBiries?

Following the summary of students’ BioStories’ gopresented below, the results of a series of
dependent-samplédests are organised according to the above rdsgagstions.

Summary of Students’ BioStories’ Scores

Descriptive statistics for the students’ BioStoriesores are presented in Table 2. In order to
facilitate comparisons of students’ derived sciemtiteracy and fundamental scientific literacy
scores across the four writing tasks (i.e., pramgj Part A, Part B, Part C), they were converted
to a percentage of the highest possible scorenatike for each task. As evidenced in the table,
the mean Part C scores were considerably lower thase for the other writing tasks. The
highest mean scores were obtained for Part B.



Table 2. A summary of the descriptive statistics for eachtlud variables explored via
dependent samplesests.

Variable Mean N SD
Pre-writing derived scientific literacy 51.00% 26 19.99
Part A derived scientific literacy 58.65% 26 21.44
Part B derived scientific literacy 74.04% 26 9.30
Part C derived scientific literacy 39.11% 25 18.74
Part A fundamental scientific literacy 68.42% 26 15.79
Part B fundamental scientific literacy 73.26% 26 14.49
Part C fundamental scientific literacy  51.45% 25 15.64

Note. Although there were 26 students in the case stlahs, one student was absent for the
Part C task, hendg=25 for the Part C variables.

Were there Significant Improvements in Students’ Deved Scientific Literacy Scores
across Parts A, B and C of their BioStories?

A significant improvement in students’ derived sdic literacy scores was observed from Part
A (M =58.65%,D = 21.44) to Part B\ = 74.04%,SD = 9.30),t(26) = -4.33p < .01 (Table3).
Effect size, as measured by Cohegy'svas 0.85. A large effect size is particularlyipes in the
context of the current study, as research in edugtsettings tends to produce smaller effects
(Tabachnick & Fidell, 2007).

Table 3. Significant results of the dependent-samplessts, which examined changes in students’ derived
scientific literacy scores across the three Biaggotasks.

Variable 1 Variable 2 t df p d
pattA  ~  ~~ PatB -4.326 26 000 0.85
derived scientific literacyderived scientific literacy
pattA patC 4523 25 .000* 0.89
derived scientific literacyderived scientific literacy
Part B Part C

. TP . o 11.170 25 .000* 2.19
derived scientific literacyderived scientific literacy

* Significant at the 0.01 level (2-tailed).

Were there Significant Improvements in Students’ Daved Scientific Literacy Scores from
their Pre-writing Sample, to Parts A, B and C of tteir BioStories?

So that comparisons could be made pre- and pastsgrition, a sample of the students’ writing
prior to their participation in the BioStories’ peot was also analysed (i.e., a report on a disease
that affects a system within the human body). Aigicant improvement was found in students’
derived scientific literacy scores from pre-writifld = 51.00%,3D = 19.99) to Part By(26) = -
6.39,p < .01 (Table 4). A large effectd (= 1.25) was observed. A significant decrease was
observed from pre-writing to Part @25) = 2.80,p = .01,d = 0.55 (a medium effect). No
significant difference was found between studeptg-writing and Part A derived scientific
literacy scores.



Table 4. Significant results of the dependent-samplessts, which examined changes in students’ derived
scientific literacy scores across the pre-writimgl 8ioStories’ tasks. The results for pre-writimgRart A
are not shown, as they were not significant.

Variable 1 Variable 2 t df p d
Pre-writing Part B -6.389 25 000* 1.25
derived scientific literacyderived scientific literacy ' ' '
Pre-writing Part C 2801 24 010* 0.55

derived scientific literacyderived scientific literacy
* Significant at the 0.01 level (2-tailed).

Were there Significant Improvements in Students’ Fandamental Scientific Literacy Scores
across Parts A, B and C of their BioStories?

Analyses revealed a significant improvement in stisf fundamental scientific literacy scores
from Part A M = 68.42%,SD = 15.79) to Part BM = 73.26%,3D = 14.49),1(26) = -3.29p <
.01,d = 0.65 (a medium effect) (Table 5). A significadgcrease was observed in students’
fundamental scientific literacy scores from PartdoBC M = 51.45%,SD = 15.64),1(25) =
10.40,p < .01,d = 2.04, and Parts A to @25) = 6.04p < .01,d = 1.18 (a large effect in both
cases).

Table 5. Significant results of the dependent-sampléssts, which examined changes in students’
fundamental scientific literacy scores across lined BioStories’ tasks.

Variable 1 Variable 2 t df p d
Part A fundamental Part B fundamental -3.291 25 .003* 0.65
scientific literacy scientific literacy
Part A fundamental Part C fundamental 6.038 24 .000* 1.18
scientific literacy scientific literacy
Part B fundamental Part C fundamental 10.402 24 .000* 2.04
scientific literacy scientific literacy

* Significant at the 0.01 level (2-tailed).

This finding indicates that the BioStories’ projéetd no significant impact on students’ simple
fundamental sense of scientific literacy (i.e.,irtheility to write stories about biosecurity)
(Norris & Phillips, 2003). Despite the lack of amjpvious gains in the students’ simple
fundamental scientific literacy, it can be saidtttieir expanded fundamental sense of scientific
literacy (i.e., the ability to infer meaning fronexts) did indeed develop through their
participation in the project, as the students ss&fcdly interpreted and transformed scientific
information in order to construct hybridized sciBat narratives. Furthermore, students’
demonstrated ability to infer meaning from scieattexts and transform them into BioStories
will be reflected in their conceptual understandiragticulated at interview. It is reasonable to
assume that if the students’ understandings argellarproblematic, that their expanded
fundamental sense of scientific literacy is alsesiionable.

Qualitative Results — Summary of Studeht€onceptual Understandings Articulated at
Interview

Analysis of student and teacher interview data jgi@evidence to support two claims in relation
to the students’ developing scientific literacy) (fhost students demonstrated deeper levels of



conceptual science understandings at interviewtgims of relevant biological concepts, and
issues pertinent to biosecurity), than they exmedss their written stories; and (2) students
became more aware of biosecurity issues through plagticipation in the BioStories’ project.
Specifically, students explained correctly sometld environmental, social and economic
impacts of the biological incursions that featuiadtheir BioStories; that is, concepts that
weren’t elaborated, or, in some cases, evidentheir writing. These students elaborated their
understandings or introduced and explained new emiacthat were not expressed in their
stories, which has implications for making judgnseiabout students’ developing scientific
literacy, based on their writing alone. Furthermatidents’ awareness of biosecurity issues,
such as the impacts of introduced species, thenpalké¢hreat of biological incursions that are yet
to reach our shores, and the need for quarantmeedsed through their participation in the
project.

Qualitative Results — Summary of ParticipantBerceptions of their Experiences in the Project
Analysis of interview data provide evidence to supphree claims in relation to the students’
interest and enjoyment over the course of the projd) students’ comments at interview
suggest that they enjoyed writing stories in saens it presented a new way of writing in
science lessons that enabled them to exerciseithagination and creativity while learning new
concepts pertaining to biosecurity; (2) the writinfy BioStories enabled students to take
ownership and play an active role in the learningcpss, which enhanced their interest and
enjoyment in the learning activities, as well ag thevelopment and retention of students’
conceptual understanding relating to biosecurityg €) the BioStoriesghroject engaged diverse
learners as it enhanced the accessibility of seidearning, particularly for students who
identified themselves as not enjoying sciencexpegencing difficulty in science.

Both student and teacher interview data providedhdbhnt evidence that students enjoyed
writing stories in science, using their imaginatiand creativity, and writing differently in
science while learning about something new (i.msdrurity). Students also enjoyed accessing
information technologies in order to research, troies and upload their BioStories. Students’
comments indicated that BioStories engaged divieaaers by enhancing the accessibility of
science learning for those students who admittexotoenjoying science, and those that found
regular science quite difficult. These students tieht they enjoyed and could better grasp the
concept of writing a narrative that incorporatedestfic information, as opposed to writing a
scientific report. Furthermore, the student-centnature of the BioStories’ project, in which
students researched and authored their own stabiest biosecurity, not only enhanced their
interest and enjoyment of the project, but alsoeapgd to contribute to the development and
retention of conceptual science understandingsewdenced by the students’ recall and
elaboration of relevant concepts pertinent to lwoggy at interview.

Discussion & Concluding Remarks
In seeking answers to the research questions katecuearlier in this paper, two claims have
been synthesized from the results of quantitathcequalitative data analyses:

1. Students’ awareness and conceptual understandiisgugs relating to biosecurity were
enhanced through their participation in the Bio®&mproject.

1C



2. Students’ affect toward science and science legriigpecifically, their interest in
learning science, science self-efficacy, and thenceived personal and general value of
science) improved through their participation ia BioStories’ project.

Students’ awareness and conceptual understandingssoks relating to biosecurity were

enhanced, and students’ affect toward science amhce learning improved through their

participation in the BioStories’ project. Quantiat analysis of the students’ written artefacts,
and their responses to the BioQuiz, demonstratesthanovement in selected aspects of their
affect toward science and science learning, anddéwelopment of conceptual understandings
pertaining to biosecurity. Qualitative analysisbafth teacher and students interviews provided
triangulating evidence to support these findingatipularly as the students could successfully
articulate their conceptual understandings andr teeperiences and perceptions of learning
science through the writing of BioStories.

The findings of this study support extensive cadlsthe utilization of diversified writing-
to-learn strategies in the science classroom, andrésearchers of authentic classroom
environments to understand the writing-learningnemtion (Rivard, 1994). Specifically, the
gains in students’ conceptual science understandamgl affect toward science and science
learning provide a compelling argument for the usabn of writing practices that engage
students in the construction of hybridized naretyenres in the science classroom. Furthermore,
the utilization of different kinds of writing tasks science will eventuate in different kinds of
learning, and promote different views of scientifteracy. BioStories can be used to examine
how students use and produce science knowledgespomnd to a need or concern pertinent to
their individual or community’s future, which battaligns with expanded goals of scientific
literacy.

The findings of this study also have implicatidasthe assessment of scientific literacy in
a writing-to-learn context. The student intervieresealed a different depth of understanding
than was evident in the BioStories, which suggést& multiple assessment strategies are
required in combination in order to gain a fullectpre of the students’ developing scientific
literacy. Although it was expected that studengs’els of understanding would be reflected in
what they wrote, it was found that interviews witkdividual students showed deeper conceptual
understandings, and at the same time, they alsdifiée evidence of superficial or problematic
understandings that were omitted from their writing

Interviews are useful tools for revealing altermaticonceptions, and can also provide
positions to serve as the basis for debates, wbach help to resolve opposing conceptions
(White & Gunstone, 1992). In a classroom situatimerviews may provide students with a
useful forum through which to verbalise their scemnnderstandings in a way that cannot be
fully realised through writing

Prior to the current study, the use of hybridizedtimg that integrates scientific
information with narrative storylines, and the rolfepositive affect in this context, had not been
investigated in the context of writing about sociestific issues. The literature regarding the
negotiation of socioscientific issues in the sceermtassroom emphasises the development of
scientific knowledge through data interpretatiomalgsis of conflicting evidence, and
argumentation (i.e., a process of making and yietif claims and conclusions) (Sadler, 2004a).
In addition, a number of studies that have investéid the role of emotion and affect in engaging
students in the negotiation of socioscientific essthat present moral and ethical dilemmas have
examined the role of emotion (particularly empathy)informal reasoning in the context of
genetic engineering issues (e.g., Sadler & Zei@@d4, 2005b; Zeidler & Schafer, 1984).
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Unlike these earlier studies, the current reseatggests that broadening the types of
writing with which students engage in the contexsacioscientific issues, to include hybridized
scientific narratives, can be valuable in develgmtudents’ conceptual understandings, and at
the same time, a more positive disposition towardnee. Traditional scientific genres, such as
expository and argumentative text, position stusliéotadopt an objectivist standpoint (i.e., that
of an ‘outsider’). Conversely, the construction ridrratives positions students as ‘insiders’;
particularly as they are able employ their natuesleryday discourse to negotiate the issue
(Avraamidou & Osborne, 2009). As one student contetkrat interview, “The writing we
normally do in science, you can't say ‘I’ or ‘wéthey”. Students often encounter difficulties
writing in the third-person style typical of sciditt genres, which can discourage them from
writing in science (Wellington & Osborne, 2001). Aarratives are the genre with which most
students are familiar, they offer opportunitiesctinnect students’ personal experiences with
science ideas, and thus encourage them to expgressthoughts in written language through
being personally engaged (Hand, Prain, & Yore, 200&llington & Osborne, 2001). The
students are therefore more likely to perceiverth&ry-writing experiences as interesting and
personally relevant (i.e., more ‘real’), which wilh turn, strengthen their engagement with the
socioscientific issue, and encourage the developoka more positive affective disposition
toward science.

The results of this study indicate that writingfelieéntly about socioscientific issues by
merging scientific and narrative genres holds gpe&ential for the development of scientifically
literate future citizens. These findings suppos itiiclusion of hybridized scientific narratives in
the science curriculum, as this type of writing denused to broaden the genres with which
students engage in the negotiation of sociosciensi$ues, as the development of positive affect
toward science and science learning can encoutagergs’ participation in the discourse of
science. Further work is to be done into the rdigasitive emotions in the negotiation of
socioscientific issues.
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Appendix A
Crikey! Part A—Extract

Since Steve Irwin’s fatal encounter with a stingira006, each September 4 is usually a
sad day for Jennifer. On this particular spring daylling between biology lectures at uni,
Jennifer fondly remembered her first meeting witl kegendary environmentalist, affectionately
known around the world as the Crocodile Hunter ....

Suddenly there was a commotion at one of the g@guwots. A Customs Officer was
trying to persuade a reluctant passenger to pant seme prohibited plants he had brought with
him from the US.

“You know,” Steve started as he watched the pagsetry to argue his way out of
trouble. “Biosecurity and quarantine are so imparta our country. We know how devastating
it has been for our vulnerable ecosystems wKeéh (e.g., fire ants) got into the country
somehow; it ruined'Y (e.g., communities of native lizards and skinkbg"explained.

“How on Earth could something like that have sadbrrible |mpact’>" Jennifer asked.

“Well,” Steve continued energetically, “.........................

Your task: Write 150-250 words in order to complete theystorour teacher will allocate you
one of the following scenarios, from which to irndée relevant XX and YY species above. Be
sure to research your biological incursion (XX spgrby exploring the associated websites and
reading the scientific information, before compigtPart A of Crikey!”

Your story must benformative, andinclude scientific information. In the conversation
that you complete between Steve and Jennifer, @ dress the following information:

* What the biological incursion is.

* Its country of origin.

* How it entered Australia.

* The problems it caused or continues to cause fovenand/or commercial species or
eco-systems (i.e., its impacts).

* The difficulties scientists and farmers face cadltitrg the pest, or how the pest was
brought under control.

Remember: Using the XX species allocated to you, Steveyisgy to help Jennifer understand
the importance of quarantine....

SCENARIO 1: XX= Fire Ants, YY= communities of nagiVizards and skinks
http://www.dpi.qld.gov.au/cps/rde/dpi/hs.xsl/479838 ENA HTML.htm
http://www.environment.nsw.gov.au/pestsweeds/FitgAum
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