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ABSTRACT Instructional technology has been developing rapidly and its impacts can be observed in learning
environments. One of the recent technological tools used in science classes is virtual laboratories. This
study aims to investigate the effects of virtual laboratories on developing gifted students’ conceptual
knowledge and improving science process skills. A total of 60 sixth-grade gifted students were the
participants. Half of the students were in the control group, in which hands-on experimentation was
followed, and the other 30 sixth-grade students were involved in the experimental group, in which virtual
laboratory environments were used. Two different instruments, a multiple-choice conceptual knowledge
test, and a science process skills test, were used in this study. The findings indicated that each condition
increased their content knowledge and enhanced their science process skills in the study. However, the
gifted learners in the virtual laboratory environment performed better than those in the hands-on
laboratory environment for both tests. Possible reasons for the findings and some suggestions were also
shared in the discussion.
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Farkli laboratuvar ortamlarinin iistiin yetenekli 6grencilerin
kavramsal bilgilerine ve bilimsel siire¢ becerilerine etkisinin
incelenmesi

OZ Teknolojideki gelismeler etkilerini egitim alaninda da gdstermektedir. Bu kapsamda 6zellikle son
yillarda sanal laboratuvarlar okullarda kullanilmaya baglanmigtir. Bu ¢alismada sanal laboratuvar ve
fiziksel uygulamali laboratuvarlarda dgrenim goren istiin yetenekli 6. siuf ortaokul &grencilerinin
kavramsal bilgilerindeki ve bilimsel siire¢ becerilerindeki degisimin incelenmesi amaglanmistir.
Calismaya 60 tistiin yetenekli altinct sinif 6grencisi katilmistir. Katilimeilarm 30’u deney grubunda,
diger 30’u da kontrol grubunda yer almistir. Coktan se¢meli kavramsal bilgi testi ve bilimsel siireg beceri
testi olmak tizere iki farkli veri toplama araci kullanilmistir. Calismanin sonuglarina gore her iki gruptaki
ogrenciler de kavramsal bilgilerini ve bilimsel siire¢ becerilerini anlamli sekilde arttirmigtir. Bununla
birlikte sanal laboratuvarda Ogrenim goren istiin yetenekli Ogrencilerin fiziksel uygulamali
laboratuvardaki 6grencilere gore daha iyi performans gosterdikleri sonucuna varilmigstir. Bu sonugla
ilgili olas1 nedenler ve bazi 6nerilerde bulunulmustur.

Anahtar  Sanal laboratuvar, Sorgulamaya dayali 6grenme, Uygulamalr laboratuvarlar, Ustiin yetenekli
Sozciikler: ogrenciler
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INTRODUCTION

Instructional technology has been developing rapidly and its impacts can be observed in learning
environments. Online learning platforms, simulations, and virtual laboratories are several examples of
instructional technologies used in classes. Science education is one of the fundamental courses that have
been impacted by educational technology because science curriculums involve many subjects that can
be taught better using instructional technology. For example, it is very difficult to teach some topics in
science meaningfully without experimentation in school science laboratories (Lunetta et al., 2007).
However, it is not possible to do experiments for each topic in science curriculums due to several reasons
such as the nature of the topic, lack of equipment, or time restrictions. Because of these limitations,
teachers can make use of instructional technology, such as virtual laboratories, in their science classes.
In the last, many studies were conducted to investigate the impacts of virtual laboratories on students’
conceptual knowledge and/or understanding (Darrah et al., 2014; Hensen et al., 2020; Kapici et al.,
2019), science process skills (Mustafa & Trudel, 2013), attitude toward science laboratories (Kapici et
al., 2020), or affective domains (Hensen & Barbera, 2019) when compared to hands-on laboratories.

Adapting education with respect to the needs of gifted students is one of the effective ways to stimulate
them to improve their talent (Dai & Chen, 2013; Eysink et al., 2015). If appropriate challenges are
presented, they may demonstrate higher motivation for learning (Phillips & Lindsay, 2006). Also, they
are willing to work on complex problems as they are good problem solvers (Scager et al., 2013; Steiner
& Carr, 2003). A type of learning environment matching the learning characteristics and instructional
needs of gifted students is inquiry learning (Eysink et al., 2015, p. 64). Based on these, in this study, the
effects of using virtual and hands-on laboratories to increase gifted learners’ conceptual knowledge
about the topic of mirrors and refraction of light, and science process skills were investigated.

Theoretical Background
Science laboratories as inquiry-based learning environments

School science laboratories are one of the most effective environments for learning by inquiry (Minner
et al., 2010). Moreover, in addition to increasing students’ content knowledge, inquiry-based science
laboratories are also beneficial for improving students’ psychomotor skills, getting familiar with
handling measurement errors, or developing skills in how to design an experiment and gather data
(Burkett & Smith, 2016; Kontra et al., 2015; Puntambekar et al., 2021; Zacharia, 2015). Furthermore,
the inquiry-based learning (IBL) approach helps learners to identify problems, design and implement
investigations, gather and analyze data, make inferences, and assess their own progressive process (van
Joolingen & Zacharia, 2009). However, students mostly have difficulties while learning in the inquiry
process (de Jong & van Joolingen, 1998). That is why providing guidance has an important function in
an IBL environment (Lazonder & Harmsen, 2016). De Jong and Lazonder (2014) introduced mainly six
different types of guidance defined by de Jong and Lazonder (2014): the first type of guidance is ‘process
constraints’ that limit or decrease students’ activities in a virtual learning environment, the second type
is ‘a performance dashboard’ that shows data about learners’ results, the third type is ‘prompts’ that are
used to give specific directions about what to do in the learning process, the fourth one is ‘heuristics’
that offer recommendations for learners about what they should do, the fifth type is ‘scaffolds’ that
usually provide tools to help students with a learning process for which they lack proficiency (e.g.,
hypothesis scratchpad), and the sixth type of guidance is ‘direct presentation of information’, which is
generally used when students lack prior knowledge or are unable to reach the information themselves.
Teachers should consider their students’ prior knowledge, experience, cognitive and affective
conditions, and learning environment to decide which type of guidance should be used in an IBL
environment.

Different laboratory environments: Hands-on and virtual laboratories

Hands-on laboratory environments are common and have been widely used at schools. It has great
95
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advantages for learners’ conceptual understanding, domain knowledge, attitudes toward school science
laboratories, and inquiry skills. However, teachers sometimes have to handle difficulties in hands-on
laboratories (Nivalainen et al., 2010), like the high cost of laboratory equipment and materials, the
potential dangers of chemicals, and problems to observe invisible or enormous entities (Scalise et al.,
2011).

Virtual laboratories, which have been developed based on improvements in educational technology,
have the affordances to provide solutions to these restrictions. For example, virtual laboratories can
provide accurate, rapid, and dynamic data display, cost and time efficiency, and a safer environment
(Achuthan & Murali, 2015; Puntambekar et al., 2021). They can also convert invisible entities like
electricity (Kolloffel & de Jong, 2013) into tangible ones. On the other side, virtual laboratories have
several disadvantages. For example, they are not proper to improve teamwork skills since learners often
work individually on computers, so students do not need to collaborate with peers (Burkett & Smith,
2016). Furthermore, learners are able to test most of their hypotheses but it is not possible in virtual
laboratories since the variables in an experiment depend on the design features of the virtual laboratory
(Burkett & Smith, 2016).

To sum up, all types of laboratory environments aim to increase learners’ content knowledge and
improve their science process skills (National Research Council, 2012). Nonetheless, each laboratory
environment has specific properties. Because of this, it is crucial to determine the type of laboratory
environment concerning its advantages to enhancing learners’ content knowledge (Puntambekar et al.,
2021).

Comparison of different laboratory environments concerning content knowledge and science
process skills

In the related literature, it is possible to find studies that have examined the impacts of hands-on and
virtual laboratories on learners’ content knowledge and science process skills. For instance, in the study
done by Tatli and Ayas (2013), they reached the conclusion that virtual laboratories are effective as
much as hands-on laboratories to teach the topic of chemical changes to high school students. Similarly,
Kollsffel and de Jong (2013) designed a study with secondary school students and concluded that
learners in the virtual laboratory reached higher score than the ones in the hands-on laboratory
environment for conceptual understanding of electric circuits. In the other study, Zacharia and
Constantinou (2008) reported that both virtual and hands-on and laboratories are equally effective for
teaching the topic of heat and temperature to undergraduate students. On the other hand, there are also
some other studies (e.g., Gire et al, 2010) which have concluded that hands-on laboratory environments
provide better opportunities to learners than virtual laboratories. Nonetheless, most of the meta-analyses
related to the comparison of virtual and hands-on laboratories (e.g., Brinson, 2015) have concluded that
virtual laboratory environments provide equal or greater opportunities for students’ achievement and
conceptual understanding.

Not only conceptual knowledge but also the impacts of virtual and hands-on laboratories on students’
science process skills have been investigated. For instance, Yang and Heh (2007) found that high school
students who used the virtual laboratory enhanced their science process skills significantly higher than
the students in the hands-on laboratory. A study by Mutlu and Acar-Sesen (2016) also supported this
result. They reached the conclusion that the virtual laboratory environment provided pre-service science
teachers with the opportunity to develop their science process skills significantly better than the hands-
on laboratory environment. In another study, Lee and colleagues (2002) concluded that pre-service
teachers found that the simulation helped them to develop their inquiry skills. On the other hand, there
are also studies (Kapici et al., 2019) that concluded that both types of laboratory environments have
similar impacts to improve learners’ science process skills.

Most of the studies related to IBL-based hands-on and virtual laboratories have been done with
participants from kindergarten to undergraduate students (Zacharia & de Jong, 2014). However, it is
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difficult to find studies that have investigated how virtual laboratories work for gifted students’
conceptual knowledge and science process skills. Examining and revealing how gifted students learn
from virtual laboratories is a crucial issue not only to contribute to the related literature but also to be
able to design better learning environments for them to enable them to show their potential better. Gifted
students are open to authentic tasks with high levels of abstraction and complexity and inquiry-based
virtual laboratories are adaptive, which means they have the potential to challenge gifted learners
(Eysink et al., 2015); so, such kind of laboratory environments may help gifted students to increase their
potential. That is why it is important to investigate how gifted students learn and improve their skills in
inquiry-based virtual laboratories. Furthermore, gifted students in both hands-on and virtual laboratories
are not supported with structured guidance because as reported by Kanevsky (2011) those learners prefer
to work more in open-ended environments than in structured environments. Based on this context, the
research question was determined as follows:

- Is there an effect of different inquiry-based laboratory environments (hands-on vs. virtual) in terms of

gifted students’ learning about the mirrors and refraction of light, and improving their science process
skills?

METHOD
Participants

The study was done with 60 gifted sixth-grade students. The students were from a Science and Art
Center, where gifted students are able to attend. The same science teacher taught the students in hands-
on and virtual laboratories. Half of the students were in the control group, in which hands-on
experimentation was followed, and the other 30 sixth-grade students were involved in the experimental
group, in which virtual laboratory environments were used. The Ethics Committee approval was
provided by the Institutional Review Board in Social Science and Humanities at Bogazici University
(Number: E-84391427-050.01.04-104274, Date: 27.12.2022). Convenience sampling was used to
choose these participants. Because one of the authors was a science teacher in the Art and Science
Center, so it was easy to reach these participants.

Instruments

Two different data-gathering tools were used in the current study. These were multiple-choice
conceptual knowledge test and science process test.

Multiple-choice conceptual knowledge test

In order to develop the test, the related studies (Akin Yanmaz, 2021; Benli et al., 2012; Cil & Cepni,
2012; Demirer, 2015; Kocakiilah, 2006; Saylan Kirmizigiil, 2019; Unal Coban, 2009) in the literature
were examined. A total of 17 questions were determined concerning the objectives of the topic taught
in the study. The questions on the test are about types of mirrors, refraction, and the properties of images
on the different types of mirrors. One point was given for each correct answer, so possible scores that
can be reached vary between 0 and 17. The Cronbach’s alpha coefficient was .74 for this test.

Science process skills test

The original version of the test is the Test of Integrated Process Skills (TIPS I1) developed by Okey et
al. (1982). It was translated into Turkish by Geban et al. (1992). Then, Aktamis and Ergin (2007) revised
the version for middle school students. This version was used in the current study. The test includes 19
multiple-choice questions. The test aims to evaluate learners’ basic science process skills (e.g.,
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prediction, observation, classifying) and higher-order science process skills (e.g., designing
experiments, forming a hypothesis). Cronbach’s alpha coefficient was .78 for this test.

Research Context

The topic was determined as mirrors and refraction of light since the experiments in the unit were
available to be done in both hands-on and virtual laboratories and also there were limited studies in the
related literature. Then, six different inquiry learning spaces were developed on the virtual platform.
The learning spaces are about plane mirrors, concave mirrors, convex mirrors, and refraction of light.
This process was done together with the researcher and the science teacher. Laboratory worksheet,
which is similar to the inquiry learning spaces, were also developed for the students in the hands-on
laboratory environments. After that, students were divided into two groups randomly. For the students
in the virtual laboratory environments, one class hour was organized to introduce the virtual learning
environment. In the next step, the tests were implemented as pre-tests. Then, the implementation process
was started. The students in experimental and control groups were divided into groups of two randomly.
The implementation process took five weeks. In the first week, the pre-test administration and the first
inquiry learning space (and its equivalent form for the hands-on group) were done. In the second and
third weeks, two inquiry learning spaces and their equivalent forms for the hands-on group were used
for each week. In the fourth week, whereas students in the virtual laboratory environment did the last
inquiry learning space on the computers, its equivalent form was presented through laboratory
worksheets to the students in the hands-on laboratory environment. In the implementation process,
students in the virtual laboratory environments designed and implemented their investigation in the
virtual laboratory on computers. On the other hand, the students in the hands-on laboratory environment
did the same experiments by using physical materials in the hands-on laboratory environment. The post-
tests were implemented after a week of the implementation process in the fifth week.

Data Analysis

The same approach was used while analyzing the data gathered from both the conceptual knowledge
test and the science process skills test. An independent samples t-test was used to compare the pre-test
and post-test scores of the groups. Furthermore, the pre-test and post-test scores of each group were
compared with a paired sample t-test.

RESULTS

Firstly, the results of the conceptual knowledge test were given. And then, the findings based on the
science process skills test were given. The conceptual knowledge test was administered as both a pre-
test and a post-test. Table 1 shows the descriptive results of this test.

Table 1.
Mean Scores for the Conceptual Knowledge Test
Experimental class (n=30) Control class (n=30)

Mean (SD) Mean (SD)
Pretest 9.27 (1.20) 10.07 (2.12)
Posttest 15.30 (1.06) 11.97 (2.19)
Difference 6.03 (1.22) 1.90 (1.16)

At the beginning of the study, the groups’ pretest scores were compared through the independent sample
t-test. The outcome revealed that the groups were similar to each other in terms of conceptual knowledge
related to mirrors and refraction of light (t(58)=1.801, p=.077). After the implementation process, the
pre-test and post-test scores of each group were compared with the paired sample t-test. The findings
indicated that both of the groups enhanced their conceptual knowledge related to the topic of mirrors
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and refraction of light throughout the study (Experimental Group, t(29)=27.149, p=.000; Control Group,
t(29)=9.009, p=.000). Then, in order to reveal whether there is a statistically significant difference
between the control and experimental groups’ post-test scores, the independent sample t-test was used
again. The result showed that the difference in mean scores of both groups is statistically meaningful
(t(58)=7.513, p=.000, d=1.94). In other words, the experimental group statistically and meaningfully
augmented their score on the conceptual knowledge test more than their control group counterpart.

The same process was followed for the science process skills test. This test was also implemented as
both a pre-test and a post-test. Table 2 presents the descriptive data for the science process skills test.

Table 2.
Mean Scores for The Science Process Skills Test
Experimental class (n=30) Control class (n=30)

Mean (SD) Mean (SD)
Pretest 11.57 (2.86) 12.27 (2.78)
Posttest 16.63 (1.90) 13.40 (2.70)
Difference 5.07 (1.64) 1.13 (.68)

First of all, the control and experimental groups’ pre-test scores were contrasted by the independent
sample t-test. The outcomes indicated that the students in both groups have similar inquiry skills
(t(58)=.961, p=.340). Finally, the paired sample t-test was operated to analyze the control and
experimental groups’ pre-test and post-test scores. The results revealed that both conditions improved
their inquiry skills from the beginning to the end of the study (Experimental Group, t(29)=16.936,
p=.000; Control Group, 1(29)=9.109, p=.000). After that, the groups’ post-test scores were contrasted
with each other by the independent sample t-test, again. The outcomes revealed that the experimental
group enhanced their science process skills more than the control group (t(58)=5.364, p=.000, d=1.38).

DISCUSSION

The effects of virtual laboratories on gifted sixth-grade students’ conceptual knowledge about the
mirrors and refraction of light, and their science process skills, when compared to hands-on laboratory
environments, were investigated in this study. The results showed that although both groups enhanced
their conceptual knowledge and improved their science process skills throughout the study, the students
in the experimental group reached significantly higher scores than their control group counterparts in
both of the tests. There are also studies in the literature that support the view that virtual laboratories can
be efficient in a learning process at least as much as hands-on laboratories (Kolloffel & de Jong, 2013;
Tiiystiz, 2010).

The participants of this study are gifted students which makes this study different from the others. The
findings revealed that gifted students statistically, significantly enhanced their conceptual knowledge
and science process skills in both inquiry-based hands-on and virtual laboratories. Students received
guidance in both conditions, so this can be a major source of success for gifted students in inquiry-based
hands-on, and virtual laboratories. In the hypothesis development, designing, and implementing
investigation phases of an inquiry cycle, students in both conditions received guidance with respect to
their conditions. In other words, they received guidance via the laboratory worksheet in written form, if
they were in the hands-on laboratory environment. On the other hand, they used online scaffolding tools
in the same inquiry stages, if they were in the virtual laboratory environment. Eysink and colleagues
(2015) stated that gifted students can also need guidance in inquiry-based learning environments and if
they are provided with suitable support their potential can enlarge.

The results of the science process skills tests revealed that gifted learners in both conditions improved
their science process skills meaningfully. However, the ones in the virtual laboratory environments
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enhanced their science process skills better than the ones in the hands-on laboratory environments. The
difference between gifted students’ science process skills in hands-on and virtual laboratories can be
due to the affordances of the virtual laboratory environments. Students in the virtual laboratory
environment used hypothesis scratchpad and experiment design tool during inquiry learning and these
tools can be more useful than their written corresponding ones in the laboratory worksheet, which were
used by the students in the hands-on laboratory environment. Furthermore, in the related literature, it is
possible to find studies (e.g., Mutlu & Acar-Sesen, 2016; Yang & Heh, 2007) that stated that virtual
laboratories can also be proper environments to improve students’ science process skills like hands-on
laboratory environments.

To sum up, gifted students can also learn better and improve their science process skills significantly in
virtual laboratories. When the superiorities of virtual laboratories are taken into consideration such as
transforming intangible concepts into concrete forms and presenting the core by removing the detailed
knowledge, cost, and time efficiency, they can be used frequently for teaching gifted learners. This does
not mean that hands-on laboratories are useless or ineffective. Hands-on and virtual laboratories can
complement each other. Although both laboratory environments have common goals such as enhancing
students’ content knowledge, each has its own properties. For example, hands-on laboratories are
effective to improve students’ psychomotor skills. However, in order to reach such positive outcomes,
providing proper guidance to students is a necessity (for more see de Jong & Lazonder, 2014). Although
the participants in the current study were gifted students, they nevertheless needed guidance while
studying the topic.

Science teachers have a crucial role because they decide which type of laboratory environments to use
for their class(es). Thus, it is important to know the advantages and drawbacks of different laboratory
environments. In this way, the teacher can take proper decision about the laboratory environment to use
while teaching the topic. Furthermore, the teacher should know the objectives of the unit in order to be
able to determine which objective can be taught better in which laboratory environment. The physical
condition and facilities of the school are other important issues when choosing the laboratory
environment to use.

CONCLUSION

In this study, it was concluded that virtual laboratories are also a proper instructional tool like hands-on
laboratories for gifted learners. Although the learners in the virtual laboratory environments increased
their domain knowledge and enhanced their science process skills better than the students in the hands-
on laboratories, it is difficult to make absolute comments concerning the outcomes of just a single study.
Many more studies should be done. It is difficult to find studies done with gifted learners in inquiry-
based virtual laboratories. That is why similar studies should be designed with different topics and
different grades. Furthermore, gifted learners’ perceptions and perspectives about virtual laboratories
can be investigated. The effectiveness of online scaffolding tools used by gifted students in inquiry-
based virtual laboratories can be examined. Last but not least, it is not an absolutely correct conclusion
that virtual laboratories are better than hands-on ones. Both complement and support each other. A
science teacher has an important function in deciding when to use hands-on and when to use virtual
laboratories.

Lastly, the results of this study should be taken into consideration by taking the study’s limitations into
account. The basic limitation of the current study was that the same tests were administered as a pretest
and a posttest. In addition, it was the first time the learners used virtual laboratories. There were a limited
number of participants in each condition.
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TURKCE GENISLETILMIS OZET

Ogretim teknolojisi hizla gelismekte ve etkileri dgrenme ortamlarinda gozlenebilmektedir. Cevrimigi
O0grenme platformlari, simiilasyonlar ve sanal laboratuvarlar, smiflarda kullanilan Ggretim
teknolojilerine birkac 6rnektir. Fen egitimi, egitim teknolojisinden etkilenen temel derslerden biridir.
Ciinkiil fen miifredatlar1, 6gretim teknolojisi kullanilarak daha iyi 6gretilebilecek birgok konuyu igerir.
Ornegin fen bilimlerindeki bazi konularin okul fen laboratuvarlarinda deney yapilmadan anlamli bir
sekilde 6gretilmesi ¢ok zordur (Lunetta vd., 2007). Ancak fen bilimleri 6gretim programlarinda konunun
dogasi, arag-gerec yetersizligi, siire kisitlamasi gibi cesitli nedenlerle her konu icin deney yapmak
miimkiin olmamaktadir. Bu sinirlamalar nedeniyle, 6gretmenler fen derslerinde sanal laboratuvarlar gibi
ogretim teknolojilerinden yararlanabilmektedirler. Ozellikle de COVID 19 pandemisiyle beraber son
yillarda sanal laboratuvarlarin egitim ortamlarinda kullanim sikliklart artmistir. Sanal laboratuvarlarin
ogrencilerin kavramsal bilgileri ve/veya anlamalar1 (Darrah vd., 2014; Hensen vd., 2020; Kapici vd.,
2019), bilimsel siireg becerileri (Mustafa ve Trudel, 2013), fen laboratuvarlarina yonelik tutum (Kapici
vd., 2020) veya duyussal Ozelliklerine (Hensen ve Barbera, 2019) etkisini arastiran ¢alismalar
mevcuttur. Yapilan ¢aligmalarda sanal laboratuvarlarin da fiziksel uygulamali laboratuvarlar kadar
ogrencilerin kavramsal anlamalarina ve bilimsel siire¢ becerilerine olumlu katkisinin oldugu
gosterilmistir. Sanal laboratuvarlar ilgili alanyazinda okul dncesi donemden {iniversite dgrencilerine
kadar genis yelpazeden Ogrencilerle denenmisken tstiin yetenekli 6grencilerin dahil oldugu bu tip
calismalar sinirh sayida bulunmaktadir.

Egitimin iistiin yetenekli 6grencilerin ihtiyaglarina gére uyarlanmasi, onlarin yeteneklerini gelistirmeye
tesvik etmenin etkili yollarindan biridir (Dai ve Chen, 2013; Eysink vd., 2015). Eger 6grenme ortami ve
materyaller uygun zorluk seviyesinde olursa, iistiin yetenekli 6grenciler 6grenme igin daha yiiksek
motivasyona sahip olabilirler (Phillips ve Lindsay, 2006). Ustiin yetenekli 6grenciler ayrica iyi birer
problem ¢oziicii olduklart i¢in karmagik problemler lizerinde ¢alismaya isteklidirler (Scager vd., 2013;
Steiner ve Carr, 2003). Sorgulamaya dayali 6grenme yaklagimu iistiin yetenekli 6grencilerin 6grenme
ozelliklerini ve 6gretimsel ihtiyaglarini karsilayan bir 6grenme ortami tiiriidiir (Eysink vd., 2015).
Bunlardan hareketle bu ¢alismada sanal laboratuvar ve fiziksel uygulamali laboratuvarlarda 6grenim
goren stiin yetenekli 6.smif ortaokul Ogrencilerinin kavramsal bilgilerindeki ve bilimsel siireg
becerilerindeki degisimin incelenmesi amaglanmigtir.

Aragtirma sorusu olarak da agagidaki soru belirlenmistir.

- Uygulamali ya da sanal laboratuvar ortamu iistiin yetenekli altinc1 simif 6grencilerinin aynalar ve 15181n
kirilmasi konularini1 6grenmelerini ve bilimsel siire¢ becerilerini gelistirmelerini nasil etkiler?

Calismada nicel arastirma ydntemlerinden olan yari-deneysel desen kullanilmistir. Istanbul’da
BILSEM’e kayith 60 &grenci ile yapilan ¢alismada, dgrencilerin 30’u sanal laboratuvar ortaminda, diger
30’u ise fiziksel uygulamali laboratuvar ortaminda 6grenim gérmiistiir. Her iki gruba da ayni 6gretmen
ogretim yapmistir. Calismadaki veriler coktan se¢meli kavramsal bilgi testi ve bilimsel siire¢ beceri testi
ile toplanmistir. Kavramsal bilgi testi literatiirdeki ¢alismalarin incelenmesi ve dgretilecek konunun
kazanimlarina uygun olan sorulardan segilerek olusturulmustur. Testte 17 soru bulunmaktadir. Testin
giivenirlik katsayist .74 olarak bulunmustur. Bilimsel siire¢ beceri testi ise literatiirde halihazirda
kullanilan bir testtir. Testte 19 soru bulunmaktadir ve bu ¢alisma icin giivenirlik katsayisi .78 olarak
hesaplanmigtir. Testlerden elde dilen verilerin analizleri bagimli ve bagimsiz 6rneklem t-testleri
kullanilarak yapilmistir.

Calisma i¢in aynalar ve 1s1gm kirilmasi konusu segilmistir. Ciinkii bu konudaki deneyler hem
uygulamali hem de sanal laboratuvarlarda yapilabilmesi i¢in uygun. Ayrica bu konu ile ilgili literatiirde
sinirli sayida ¢alisma bulunmaktadir. Konu belirlendikten sonra sanal platformda alt1 farkli sorgulayici
O0grenme alani gelistirilmistir. Bu siire¢ arastirmaci ve fen bilgisi 6gretmeni ile birlikte ylirttilmistiir.
Uygulamali laboratuvar ortamlarinda 6grenciler igin sorgulayici 6grenme alanlariin bir benzeri olan
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deney foyleri gelistirilmistir. Daha sonra &grenciler rastgele iki gruba ayrilmistir. Sanal laboratuvar
ortamin1 kullanacak 6grenciler i¢in sanal 6grenme ortaminin tanitilmasi i¢in bir ders saati ayrilmistir.
Bir sonraki adimda testler 6n test olarak uygulanmistir. Ardindan, uygulama siireci baglamistir. Her iki
gruptaki 6grenciler kendi aralarinda rastgele ikiserli gruplara ayrildi. Uygulama siireci bes hafta siirdii.
[k hafta 6n test uygulamasi yapildi ve sanal laboratuvarda 6grenim goren Ogrenciler icin birinci
sorgulayici 6grenme alani (benzer sekilde uygulamali laboratuvardaki 6grenciler i¢in de deney foyti ile)
uygulandi. Ikinci ve iigiincii haftalarda, deney grubu icin ikiser sorgulama dgrenme alani ve kontrol
grubu i¢in de deney foyii esliginde deneyler yapilmistir. Dordiincii haftada deney grubu 6grencileri sanal
laboratuvar ortaminda bilgisayarda son sorgulama 6grenme alanin1 yaparken, uygulamali laboratuvar
ortaminda esdeger laboratuvar ¢alisma yapraklari araciligiyla deney yapilmistir. Uygulama siirecinden
bir hafta sonra besinci haftada son testler uygulanmistir.

Caligsmanin sonuglarina gore her iki gruptaki 6grenciler hem kavramsal bilgilerini hem de bilimsel siire¢
becerilerine istatistiksel olarak anlamli sekilde arttirmistir. Daha sonra her iki gruptaki 6grencilerin test
sonuclar1 bagimsiz 6rneklem t-testi ile karsilastirilmis ve sanal laboratuvar ortaminda 6grenim goren
ogrencilerin hem kavram bilgilerini hem de bilimsel siire¢ becerilerini fiziksel uygulamali laboratuvarda
Ogrenim goren Ogrencilere gore anlaml sekilde fazla gelistirdigi sonucuna ulagilmigtir. Literatiirde de
buna benzer sonuglara rastlanmaktadir. Bu ¢alisma sanal laboratuvarlarin iistiin yetenekli 6grenciler i¢in
de verimli 6grenme ortamlar1 sunabilecegini gostermektedir. Her iki gruptaki &grencilerin hem
kavramsal bilgilerinin hem de bilimsel siire¢ becerilerinin artmasiin sebebi sorgulamaya dayali
O0grenme ortamlarinda dgrencilere sunulan destekler/rehberlikler olabilir. Sanal laboratuvar ortaminda
Ogrenim goren 0grencilerin kavramsal bilgilerini ve becerilerini daha fazla arttirmasinin sebebi sanal
laboratuvar ortamlarmin sagladigi avantajlar olabilir. Ornegin, sanal laboratuvarlarda Ogrencilere
cevrimici destek araclar1 saglanirken, fiziksel uygulamali laboratuvarlarda 6grencilere bu desteklerin
eslenikleri yazili olarak laboratuvar foyiinde verilmistir. Ogrenciler ¢evrimici sunulan destekleri daha
iyi kullanmis olabilirler. Ote yandan bu sonuglar bize her kosulda sanal laboratuvarlarin fiziksel
uygulamali laboratuvarlara goére daha verimli laboratuvarlar oldugunu gostermemektedir. Her iki
laboratuvar ortaminin da kendine has 6zellikleri vardir. Birbirlerini tamamlayici olarak kullanilabilirler.
Bu noktada en dnemli gérev dgretmenlere diismektedir. Ogretilecek konunun igerigi, okulun fiziksel
durumu ve 6grencilerin biligsel durumunu gz 6niine alarak hangi laboratuvar ortamimi kullanacagina
ya da her iki laboratuvar ortamini sirayla mi1 kullanacagina kendisi karar vermelidir.

Son olarak, ¢alismanin sonuglar1 degerlendirilirken siurlt sayida 6grencinin yer almasi, aym testlerin
hem 6n test hem son test olarak kullanilmis olmasi, ¢alismanin siiresi gibi sinirliliklar géz 6niinde
bulundurulmalidir. Konu hakkinda daha derinlemesine bilgi sahibi olmak igin benzer ¢alismalar farkli
simf seviyeleri ve farkli konularla yapilabilir. Ogrencilere sunulan destek/rehberlik cesitleri ve/veya
yogunlugu degistirilebilir.
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