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Abstract: Current educational practice in higher educatioowsha growing use of CSCL-
environments. In secondary education, however, mg see the first signs of transformation
in the age of technology and the Internet, and mainthese signs are particularly at the
administrative level rather than in the classrodlavertheless, research, as well as national
standards, support collaborative learning and thiegration of ICT as an answer to the
decreased interest and motivation in science legraind the growing importance that is
attached to inquiry skills. This research projegald with the use of web-based collaborative
inquiry as a promising approach for secondary sgeeducation. In particular, this study
investigated the impact of the implementation d&Vab-based Inquiry Science Environment
(WISE) on students’ content knowledge, their ingukills and their attitude and engagement
towards science. An empirical study in 19 secondarence classes was conducted and 375
students were involved. Additionally, this studyctieed on gender differences and
highlighted the transformation of the teachersériol web-based teaching. The present study
demonstrates the effectiveness of this innovathariictional approach in the attempt of
making science accessible and interesting to dlitamectify the gender imbalance in science
education.

Introduction

The latest Eurobarometer on “Young People and 8ele(2008), investigating the public's opinion, ealed
that young Europeans (aged between 15 and 25)aaesitive view about science and technology. Hamev
when presented with several choices of scientificlys only a minority of these young people saieythvere
considering them. These findings are in line with first results of PISA 2006. The PISA resultseadvthat
Flanders belongs to the group of OECD countrieskvhichieved very high results for scientific lilgyaOn the
other hand, in comparison with the 15-year-old stigl in the average OECD country, fewer FlemisHesits
reported that they are motivated to learn scieand,only an absolute minority thought that they wibrk with
science later on (De Meyer, 2008). The number oflesits who consider taking up studies and careers i
science is at a low level. This is especially ttorefemale students. Recent research findings etimgntom a
range of countries demonstrate that gender equicience education is still a cause for concene 6f the
reasons for this gender differentiation in scieimterest is the perception shared by many girlsahdy boys or
men are good in science and technology (Sedenmdaida, Suarez, & Dauder, 2008). Neverthelesgreift
research findings demonstrate that during elemgrmducation girls’ scientific achievement is eqtaboys’
achievement. However, in secondary education, lsiysificantly outperform girls with respect to soie
(TIMMS, 2003; PISA, 2006). The number of girls tlgmhduate in a scientific, mathematic or technimakter
is lower than the number of boys. Moreover, acagydd the Flemish board for scientific policy (2008his
number is still decreasing.

Concerns are raised about this lack of interestience, and the resulting reduction in the numbérs
young people who opt to study science subjects @id@anced level. These concerns seem justifigacesly
in an industrialized society. In addition to potaheconomic and labor market consequences offikiaterest,
there are also social and cultural consequencese sicience represents an important part of thiireuin
which an understanding of scientific phenomenaeiguired to participate fully in many topical delsate
(Woodgate & Stanton Fraser, 2007). One of thearsagor young people’s lack of interest in scierscéhat
much of what goes on in science classrooms is adtcplarly attractive to students (Stark and Gra999;
Flemish governmental enquiry, 2005).

Next to that, National standards stress the growimgprtance that is attached to inquiry skills. Kor
particularly, enhancing student’s understandingsoence concepts and process skills rather tharelyner
teaching the lower textual-level scientific knowdeds a major goal for science educators (GaBIBal.

These findings stress the review, rethink, andrrefof science education to make science accessible
and interesting to all and to rectify the gendebaance in science education. In this respect,nwestigated
the impact of web-based collaborative inquiry asramovative instructional approach for science rézy in
Flemish secondary education.
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Theoretical and Empirical Framework

Inquiry-oriented science instruction has been ditar&zed in a variety of ways over the years (©slli1986;
DeBoer, 1991; Rakow, 1986) and promoted from aetyardf perspectives. Inquiry based learning isualest-
centered, active learning approach which stimulatadents to get involved in a social, active, gegha and
constructive learning process, as opposed to maditibnal approaches which tend to emphasize the
memorizing of factual information. According to @bructivist models, learning is the result of omgpi
changes in our mental frameworks as we attemptaicermeaning out of our experiences (Osborne & Feayb
1985).

Inquiry-based programs have been found to genesaliyance student performance related to scientific
literacy and understanding of science processawdfiarg, 1990), conceptual understanding (Slottaign L
2009) and positive attitudes toward science (Kylale 1985; Rakow, 1986). Moreover, research shoesrly
that by reflecting, applying ideas, and collabaomgtivith peers, students develop a sense of theamte of
science (Bransford, Brown, & Cocking, 1999). Reskaronfirms the commonly held view that collaborati
learning motivates students (Gillies, 2003) anddhis evidence for the fact that students develqositive
attitude towards the course in which collaboratigarning is applied (Stevens & Slavin, 1995; Nichél
Miller, 1994; Nichols, 1996; Springer, Stanne & @ean, 1999).

With the growing importance of the World Wide Wethjs information resource can serve as a means
for collaborative inquiry that opens the boundanéshe classroom and creates the possibility fodents to
pursue questions of personal interest (Wallace p€upan, Krajcik, & Soloway, 2000). Research on Cotap
Supported Collaborative Learning (CSCL) has conted to the claim that collaborative activity among
students can effectively be supported with compteehnology (Lou, Abrami, & d’Apollonia, 2001). fthis
respect, web-based collaborative inquiry is a psimgi approach. National standards and policy adviso
confirm this and call for inquiry learning and timegration of technology into science classes.

In higher education, we are now witnessing a slaw $ieady growth in the use of CSCL, where
student activities and student-teacher exchangesaordinated through online environments. In primend
secondary education, however, we only see thedigsis of transformation in the age of the Interaati many
of these signs are particularly at the administeatevel rather than in the classroom (Cox, AbbWtebb,
Blakeley, Beauchamp, & Rhodes, 2004; Tondeur, veamB & Valcke, 2007). Apparently, teachers prefer
conservative, rather than revolutionary applicaiofi technology. Teachers remain predominantly $eduon
lectures and textbooks, using the Internet primad a supplemental resource for Web searches ibimadia
materials (Slotta, 2004). Nevertheless, in reseaiohtitutions technology-based environments for
(collaborative) inquiry learning have been devethmich as WISE (Slotta, 2004) , Co-LAB (van Jagdin, de
Jong, Lazonder, Savelsbergh, & Manlove, 2005) ouB& (Reiser, Tabak, Sandoval, Smith, Steinmulger,
Leone, 2001) as an arguably, more interesting amtilational approach to secondary science edutatio

Although different technology-based environments &wllaborative inquiry learning have been
developed, little large-scale research has beedumted with regard to the benefits of this approddirough
an intervention study we investigated the impactaoiveb-based collaborative inquiry project on cohte
knowledge, inquiry skills and attitude and engagein@wards science.

Research questions
Four major research questions drove this study:
1. What is the impact of the web-based collaborativguiry project on students’ understanding of
scientific phenomena?
2. What is the impact of web-based collaborative ingudn students’ inquiry skills, particularly
hypothesis generation?
3. What is the impact of web-based collaborative ingoin students’ attitude and engagement towards
science?
4. Is there a differential impact for gender?

Additionally, this study wanted to investigate wedsed collaborative inquiry from the teachers’ poinview
with the aim of exploring how the changed classraaxctivity created by being online and involved im a
inquiry project affected the work of teaching.

Research design and Method

Participants

The participants in this study were 375 studertsnfil9 secondary school classes (grade 9, 10, anthé1l
average age of these students was 16 years). Tibeofanales to females in the participants was Sifl6 to



46% boys. The classes were selected from 15 Fles@sbndary schools and a group of 17 science teache
were involved in the research project. Teacherigpation in the intervention was voluntary anddeers
agreed to dedicate 4 lessons of 50 minutes to mmahé the CSCL-project.

Procedure and design

Forty-six master students Educational Sciences weddved in this study to support the implemematof the
project and to conduct the questionnaires and.tEststhese students, this assignment was a fquaralof the
7-credit course Educational Technology at Ghentvehsity. The 46 master students were divided olverlt9
classes participating in this study. There wenees# reasons for designing the study in this waiyst, the
classroom teachers did not have the time to gaitira training period and the interventions habldaarried
out according to a set of instructional principl&econd, the master students had more expertighein
theoretical backgrounds of CSCL and were more pegband familiar with the inquiry-based learning
environment. Third, master students acted as ameser as well. After a specific training, masteidents were
responsible for data collection through a semiedtmed interview, pre- and posttests, and obsemsatduring
the sessions.

The inquiry-based learning environment used in #tisdy was the Web-Based Inquiry Science
Environment (WISE). WISE is developed to provideadid technology platform that allows teachers doyt
new forms of inquiry-based instruction (Slotta &nhj 2009). Based on Peters & Slotta (2009) a Flemis
WISE-curriculum project was co-designed in parthgrsith science teachers and technology spedaligte
project addressed global warming and climate chargkwas connected to the standards-based curiitula
secondary education. The intervention was develdp&ihg into account research-based design priesipl
promoting knowledge integration and scientific imgu

During the first session, secondary students caemléne individual pretest and were introduced to
WISE. Depending on the time left, they also staitedyads the first activity of the project. Theaioproject
consisted of four main activities. Students workedthe same dyads during the whole intervention and
navigated through the sequence of inquiry actisitising the inquiry map in the WISE environmentriBg the
project, students were asked to write their answlergn in reflection notes. Consequently, all ofithgroject
work was stored in a database, which was accessitiieachers and researchers for purposes of assess
Finally, all students completed the individual pest.

During the sessions, master students were askact &5 a “leader from the within” instead of a ‘i
on the side”. A “leader from the within” does natlyp monitor students but actively engage the sttgjdrelps
them to synthesize their views, and maintains aathio process of exchange within the classroom tGift
Linn, 2009). After each session master studentgiged electronic, both positive and critical, feadk through
the feedback tool of WISE.

Data Collection, Instruments and Analysis
In this study data was collected using a mixed web@pproach.

First, a pretest-posttest design was used to atsessipact of the intervention. The test consisiéd
three main parts which assessed content knowlgtigeability to do scientific inquiry, and the attie and
engagement towards science. In the first parttethir assessment items were developed to measuenton
knowledge, eight of them were knowledge/multipl@ick items and five of them were explanation iteha
went beyond reproducing knowledge and asked stadentonnect ideas in arguments. The latter itemew
scored using the knowledge integration rubric teatards both accurate and connected ideas, crbaf€HLS.
This rubric contains a number of proficiency levelfie higher the proficiency level, the more compilee
skills that the students have to master to tadidestientific problems. In the second part, stuslerdre asked
to read a research article and to generate therlyimdehypotheses and research questions. In dalassess
students’ attitude and engagement towards scigncthe third part, three scales of the internatidPESA
(2006) questionnaire were used: support for scignterest in science and responsibility toward®ueces and
environments. Response options consisted of ari-pdiert scale.

Second, data was obtained through content anabjsadl students’ reflection notes during the four
successive science lessons and the additionahaltiser reports made by the master students.

Finally, after completing the project, semi-struetl interviews of the classrooms teachers were
conducted to assess their acceptance and attitodards the innovative environment and approach.
Furthermore, focus groups were organized twice Wighmaster students to reflect on their experiemgth the
organization and implementation of the web-basadisas. Special emphasis was put on their roletaacher
in a web-based collaborative project.

Data analyses were conducted using the softwargrgomo SPSS, version 15.0. Paired sample t-tests,
independent sample t-tests and analysis of varsaweee conducted to determine the impact of thexvention.



Results
General results
Based on the observations and focus groups, wedfthet master students had difficulties to perfasna
“leader from the within”. Most of the time they nitored the way students were progressing and mainly
responded to any confusion, in this way they agetkrally as a “guide on the side”. They were qodeupied
managing the technology and monitoring studentsoS#ary school students who did not ask for helgidr
not have obvious technical problems that requirelg,hwere not stimulated to do more. Master stuslasked
on a regular base how students were doing but wlese students responded positive, no follow upstipres
were asked.

Regarding the classroom teachers, all of them wersitive about this experience. They were
especially pleased to have their students leaenvieb-based collaborative inquiry environment amredveilling
to participate in future research.

Content knowledge, inquiry skill and attitude and engagement towards science

Based on the pre- and posttest items we can deterttmat, overall, there is significant improvemienterms of
knowledge and explanation. As shown in Table ldestts made progress in connecting ideas in argement
(explanation items) and their active knowledge {eohknowledge items) about climate change hagasad.

In the pretest the numbers of incorrect and irr@\answers were significant higher and knowledgmiaithe
topic was rather isolated.

Table 1: Average item mean, average item standewihition, and differences (effect size and t-test f
paired samples) between pretest and posttest tigrigdividual as the unit of analysis

Pretest Posttest Difference

Different scales M SD M SD ES T (df)
Content knowledge items 1.38 0.57 2.23 0.44 1.6 92B64)**
Explanation items 1.70 0.68 2.62 0.66 1.36 23.85(3
Inquiry skill 1.8 1.03 217 0.82 0.41 6.49 (357)**
Support for science 3.69 0.43 3.68 0.48 -0.327
Interest in science 3.43 0.68 3.47 0.67 0.05 B30a)*
Responsibility towards 4.07 0.48 4.13 0.49 0.12 2.95 (305)**

resources and environments

*p<0.05 *p<0.01
N=375

The results for the second part of the test wheer@esits were asked to deal with a research adige
also significantly higher. Students became befteyeinerating the underlying research questiondgpdtheses
in a research article. However, the qualitativeadssed on the reflection notes and observaticrteforce us
to refine this result. We observed frequent usthef'copy and paste’ function, so that text fragtadrom the
internet were directly included in their answersrtRermore, students tend to reduce the wholettagkding
an obvious answer on a particular website while &tention was paid to understanding the contedhtcaitical
thinking.

With regard to the impact on attitude and engageénwewards science, the results are less consistent.
Concerning the support for science, we noticed that is quite high at the pretest (3.6 on 5-pdikert),
however no significant differences can be found parad to the posttest. However, the other twoualtit
scales (interest in science and responsibility tdearesources and environments) do show significant
differences between the pre- and the posttestwadtnthe effect sizes are low.

Gender differences
Boys and girls do not score significantly differem the knowledge part of the pretest. In contithast scores on
the posttest do significantly differ. Girls outpemhed boys on knowledge iterfts= 3.09,df = 367,p < .01) as



well as on explanation items £ 4.32,df = 368,p < .01). In other words, girls benefited more tlys from
the intervention. With respect to inquiry skillg significant gender differences can be revealed.

With regard to the attitude towards science, naiiant gender differences are found concernirgy th
support for sciencethis in contrast to thénterest in sciencend theresponsibility towards resources and
environmentshere significant gender differences are revedBids had a significant lower interest in science
on the pretest, but this difference disappeareer dfte intervention. Regarding the responsibililyvards
resources and environments, we can observe the santk as in the knowledge part. Boys and girlsndb
score significantly different on the pretest, buthie posttest girls were more positive than bayshis attitude
scale {=-2.36,df = 269,p = .02).

Discussion and conclusion

This study aimed to get students engaged with seieontent through inquiry and action. More spealfy,
this study dealt with the use and impact of welelasollaborative inquiry as a promising approach fo
secondary science education on students’ undefistpod scientific phenomena, their inquiry skillnd their
attitude and engagement towards science. In additiis study examined gender differences.

The present study demonstrated the effectivenesswelb-based collaborative inquiry. This
effectiveness is especially shown for girls. On tlesttest, girls outperformed boys on knowledgenge
explanation items, and responsibility towards resesi and environments. This implies that this irative
instructional approach is an effective contributionthe attempt of making science accessible atetasting to
all and to rectify the gender imbalance in scieadacation (TIMMS, 2003; PISA, 2006). Overall, aftbe
intervention, students made significant gains idaratanding standards-based science concepts gndvieal
on the inquiry test. Yet, we can conclude that rinfation seeking as a part of an inquiry-based lagrn
environment seems to be a complex and difficuligpess for these students. During the web-basedrinqu
project students were faced with information pratde tasks that require them to identify informatiweeds,
locate corresponding information sources, extraxt arganize relevant information from each souars]
synthesize information from a variety of sourcesafi®l-Gruwel, Wopereis, & Vermetten, 2005). It iseof
assumed that students naturally master this congugritive skill of information problem solving. Aording
to this study, this assumption can be counteredodling to previous research, we know that metaitiogn
knowledge and awareness is critical for studentset@ble to control and regulate their informatprablem-
solving processes (Lazonder, 2003). However, ligltnown so far about effective instruction inarhation
problem solving. Further research planned in M&@h0 will provide insight into effective scaffoltts support
student-directed inquiry. Furthermore, future reseaneeds to focus on what teachers can do in #ineon
classroom to effectively support student learningnare than a merely technical level, given thaCCSvorks
best if the teacher interacts with the studentsmaihtains a dynamic process of exchange withirckagsroom
(Slotta & Linn, 2009). Unfortunately, our findinghow that most of the time, the teachers acted lynama
“guide on the side”.
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