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The purpose of the present study was to investigate whether pre-service teachers’
cognitive and affective expectations were met after participation of lab
investigations that were designed based on the ADI instructional model. Based on
Novak’ theory of learning, when the students get responsibilities to connect new
knowledge with existing one, students stand active role in generating knowledge
through experiences. In order to determine whether the cognitive and affective
expectations of pre-service teachers are fulfilled by their experiences in a science
laboratory course, weak experimental design was utilized in this study. Participants’
experiences and expectations were measured with Meaningful Learning in the
Laboratory Instrument developed by Galloway and Bretz (2015). Third grade
pre-service science teachers attended ADI activities as a part of their regular course
through 11 weeks. Through ADI activities pre- service teachers had a chance to
engage variety of scientific activities such as designing investigations, arguing from
evidence, writing scientific reports, and critically evaluating peers' reports.
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Bu caligmanin amaci, Argiimantasyon Tabanli Sorgulayict Arastirma (ATSA)
yontemine gore tasarlanmis laboratuvar uygulamalarina katilan 6gretmen adaylarinin
biligsel ve duyussal beklentilerinin karsilanip karsilanmadigini incelemektir. Novak,
insanlari bu deneyimlerini biligsel (diisiinme), duyussal (hissetme) ve psikomotor
(yapma) olmak iizere iige aymwmistir. Bu caligmada, 6gretmen adaylarinin fen
laboratuvarindaki bilissel ve duyussal beklentilerinin, deneyimleri tarafindan
karsilamp kargilanmadigim Galloway ve Bretz (2015) tarafindan gelistirilen
Laboratuvarda Anlamli Ogrenme Olgegi ile belirlemek amaciyla zayif deneysel
desen kullanilmugtir. Ugiincii siuf fen bilgisi 6gretmen adaylar1 11 hafta boyunca
diizenli derslerinin bir pargasi olarak ATSA etkinliklerine katilmigtir.
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Cognitive and Affective Expectations of Students

Introduction

The important and critical role of laboratory activities in developing scientifically literate students has been
addressed in many education researches (Cetin & Eymur, 2017; Cheung, 2011; Figueiredo, Esteves, Neves, &
Vicente, 2016; Obenland, Kincaid, & Hutchinson, 2014; Walker, Sampson, Southerland, & Enderle, 2016).
Moreover, it is also a common conclusion of these researches that traditionally designed science laboratories have
used to present concepts related science courses and unfortunately give little opportunity to students to practice in
science (Cooper & Kerns, 2006). Many laboratories are thus designed to provide students observe the findings and
get conclusions from these findings. Although these “cookbook” style laboratories may give a lot of knowledge
related in many topics, indeed there is no meaningful learning for students (Domin, 1999; Hofstein & Lunetta,
2004). Regard to this finding, many science education researchers have started to design novel laboratory
instructional models such as Science Writing Heuristic (Wallace, Hand, & Yang, 2005) and Modeling Instruction
(Hestenes, 1992; Wells, Hestenes, & Swackhamer, 1995) that mainly focus on knowledge construction and
inquiry. The Argument-Driven Inquiry (ADI) is a similar laboratory instructional model emphasizes on not only
the empirical aspects of laboratories (such a asking questions, designing methods) but also gives great importance
to representation of knowledge claims (such as argumentation, writing) in the development of students’ science
proficiency. This model gives students a chance to engage in meaningful learning by getting active role in
scientific practices such as designing investigations and criticizing results.

According to Novak’s theory of meaningful learning, the student should have related background knowledge,
the new knowledge should be given in a meaningful way to the student and the student should want actively engage
in the learning process (Bretz, 2001; Novak, 1993, 2010). When the students get responsibilities to connect new
knowledge with present knowledge, the students stand active role in generating knowledge through experiences
(Bretz, 2001; Novak, 1993, 2010). Novak categorized these human experiences as cognitive (thinking), affective
(feeling), and psychomotor (doing). The successful consolidation of the cognitive, affective and psychomotor
experiences then result in meaningful learning (Novak, 2010). As ADI model support students to engage in
meaningful learning, it deserves to investigate whether students’ cognitive and affective expectations about ADI
instructional model can be met or not.

The ADI have eight interrelated steps that presented by Sampson and Walker to support students to get
meaningful learning in Table 1 (Cetin, Metin, & Kaya, 2016).

Table 1. The steps of ADI instructional model and purposes

Step Purpose
Identification of Task and the Attract students’ attention
Research Question Activate students’ previous knowledge

Give a chance to students to design and practice an investigation.
Provide an opportunity to students to decide what type of data they
need and how they collect

Develop a Method; Collect and
Analyze Data

Generation of a Tentative Give an opportunity to students to develop tentative argument that
Argument include claim, evidence and justification of evidence

Make students discuss and share their ideas

Argumentation session Give a chance to students to get feedback about their argument

Make students share the knowledge and experiences that have gained

Open and Reflective Discussion from sharing with their friends in other groups

Write an Investigation Report Make students learn how to craft written argument
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Give a chance to students to understand good quality investigation
report
Provide an opportunity to students to get feedback from their peers.

Double-Blind Group Peer
Review

Revise Investigation Reports Make students revise and improve their writing

In literature, there have been some researches that investigate the effectiveness of ADI to develop high school
students’ biology and college students’ chemistry proficiency in the US (Strimaitis, Southerland, Enderle, Grooms,
& Sampson, 2017). Generally, most of the researches about ADI are related to effectiveness of ADI on writing
skills (Sampson & Walker, 2012; Walker, Sampson, Grooms, Anderson, & Zimmerman, 2012). Based on
literature, there is no doubt that ADI instructional model help students’ better writing in science. However, there
is no study about the effect of the ADI practices on students’ cognitive and affective expectations. The purpose of
present study was to investigate whether pre-service teachers’ cognitive and affective expectations were met after
participation of six lab investigations that were designed based on the ADI instructional model.

Theoretical Framework of the ADI

The ADI laboratory instructional model stands up to social constructivist theories of learning (Driver, Asoko,
Leach, Mortimer, & Scott, 1994; Anderson, 2007; Scott, Asoko, & Leach, 2007). This approach of learning is
grounded a fundamental assumption that the knowledge cannot be transferred from one individual to another, but
is actively established by the learner (Driver, Asoko, Leach, Mortimer, & Scott, 1994). This establishment takes
place by individually and social processes. The social process of learning relies on supportive and educative
interactions with people while the personal process involve individual construction of knowledge and
understanding. There are two significant results of this theoretical framework for instructional design. One of
them is that students need authentic scientific practices in order to learn from their experiences. Another is that the
scientific practices should also be educative for students to learn scientific knowledge and norms.

Duschl, Schweingruber and Shouse define argumentation as “logical discourse whose goal is to tease out the
relationship between ideas and evidence” (Duschl, Schweingruber & Shouse, 2007, p.33).Scientific argumentation
should be included claim, evidence and justification of evidence. The evidence means the data that are collected
and then used to support to claim by proofing and clarifying. There are two conditions for this data to be considered
evidence. It should explain (1) tendency over time, (2) a difference between groups or (3) a relationship. The
justification of evidence of a scientific argumentation refers to explanation of the validity and the relevance of the
evidence. Based on theoretical background, the ADI instructional model is founded on the hypothesis that gives
students an opportunity in actively engaging more authentic and educative laboratory activities. We think that ADI
can meet students’ positive cognitive and affective expectations about laboratory by giving students active role in
constructing knowledge through experiences.

Research Question

Based on the purpose of study, the research question that runs this study is as follow:
Do the scientific practices of pre-service science teachers in the science laboratory course designed according
to ADI instructional model facilitate to meet cognitive and affective expectations of them?

Method

In order to determine whether the cognitive and affective expectations of pre-service teachers are fulfilled by
their experiences in a science laboratory course, one group pre- test post-test design was utilized in this study.
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Subject of the study

32 (28 female, 4 male) third grade pre-service science teachers from a public university participated in the
study. The students’ ages ranged from 21 to 23 years. The students were attending Science Laboratory course that
was taught by an instructor experienced in ADI model in the first semester of the 2014/ 2015 academic year. Before
the study participants completed General Chemistry I-I1l, General Biology I-1I, and General Physics I-11
laboratories. These pre-service teachers were selected due to their convenient accessibility and proximity to the
researcher.

Instrument

In this study Meaningful Learning in the Laboratory Instrument (MLLI) developed by Galloway and Bretz
(2015) was used. The aim of the instrument is to measure students’ expectations and experiences related to the
cognitive and affective dimensions of their learning in a laboratory course. The original version of the instruments
was developed for the use in chemistry laboratory. Researchers adopted the items for science in general in order
to understand students’ experiences/expectation in science laboratories. The instrument includes 31 items (16
cognitive, 8 affective, 6 cognitive/affective) with five point likert type from Strongly Disagree (1) to Strongly
Agree (5). Participants were asked to indicate their degree of agreement with each statement. There are 14
negatively worded items and they were reverse coded in order that higher score represents higher contribution to
meaningful learning. The researchers translated the items into Turkish independently, and then they came together
to negotiate and solve the conflicts. The final version of the test was checked by an expert in Turkish and science
education in order to ensure the appropriateness of items.

Procedure

Third grade pre-service science teachers attended the ADI activities as a part of their regular course through 11 weeks. The
teacher made students as a group of three or four randomly. Ten groups attended 4-hour lab session each week and they engaged
six ADI activities. The ADI activities are related to chemistry, biology and physics. These activities are designed to explore
the concept of density, gases, germination, power of lamp, enzymes and simple pendulum (Table 2). These activities were
previously piloted by the researchers and tested whether they works as intented in science laboratories (Cetin & Eymur, 2017;
Eymur & Cetin, 2017; Erenler, 2017).

Table 2. Description of activities
Name of the activity Guiding question

Density What are the identities of unknown matters?

Gases What is the relationship between volume and temperature of gases?
Germination What are the factors affecting germination?

Power of lamp What are the factors affecting power of lamp?

Enzymes What are the factors affecting working of enzymes?

Simple Pendulum What are the factors affecting oscillation rate of pendulum?

Each ADI investigation started with teacher’s distribution of a handout containing guiding research question
of the week, relevant background information and a list of available materials that pre-service teachers could use
to design their investigation. The guiding questions for each activity are given in Table 2. Pre-service teachers
worked in groups to design and conduct an investigation to answer the research question. For example for the
density activity they tried to find ways to measure the mass and volume of powdered matter. Each group had
different design to measure the volume (e.g. pouring to graduated cyclinder, dissolving in water, compressed it to
reduce empty space etc) After data collection, they produced a tentative scientific argument by analyzing and
interpreting their data. “The unknown matter is salt. Since I found its density as 2,1 and from the given density list
it is near the salts’ density” is an example of their argument. They used a large whiteboard to show their arguments
to other groups for argumentation session. During the argumentation session, students presented their scientific
arguments to other groups and critiqued the scientific arguments presented by their colleagues. During this session
they generally criticized other groups ways of collecting and interpreting data After argumentation session, each
group made reflective discussion to share experiences and thoughts. After this opportunity, each student
individually wrote an investigation report to answer the guiding research question and submitted it to the classroom
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teacher. The individually written reports which are blinded were peer reviewed to provide opportunity to refine
written scientific arguments. In the final step of the ADI instructional model, each pre-service teacher revised his
or her individual investigation report based on the peer feedback.

Findings and Discussion

This part presented descriptive analysis and their outcomes for the research question. Also, the brief discussion
was given based on the research question and outcomes of analyses. Table 3 shows the descriptive statistics for
the cognitive, affective and cognitive/affective dimensions of MLLI for expectations (pre-test) and experiences
(post-test).

Table 3. Descriptive Statistics for MLLI pre- and post-test

Dimensions of MLLI Number of Minimum Maximum Mean Standart
students Deviation

Pre-cognitive 32 43 61 52,0 6,2

Post-cognitive 32 42 65 53,0 51

Pre- affective 32 14 67 24,8 7,9

Post-affective 32 17 71 29,0 8,7

Pre 32 10 22 21,1 3,0

cognitive/affective

Post 32 12 26 20,5 2,8

cognitive/affective

As it is seen in Table 3 pre-service science teachers’ pre and post-test scores in cognitive dimension are very
similar (X =52 for pretest and X =53 for posttest). Similarly their scores in cognitive/affective dimension from

pre- to post- test changed very slightly ( X =21.1 for pretest and X =20.5 for posttest.). The unchanged scores of
students can be interpreted as their expectation was fulfilled by their experiences. When we examine affective
dimension, it can be seen that their scores increased from pre- to post -test which means students experiences are

much better than their expectations (X =24.8 for pretest and X =29 for posttest). Finally, since there is no
significant decrease in any scores taken from three dimensions from pre- to post- test we can conclude that pre-
service teachers’ experiences did not surpass their expectation.

Given the overall fulfilled expectation, a finer grain analysis of items was conducted. In table 4, the mean pre-
and post-test scores of all items are presented. We showed the items that the participant got higher scores from the
post-test (their experiences are better than their expectation) in bold.

Table 4. Pre and post- test mean scores of ltems (Items were taken from pre-test version)
Items Dimension Pre-test Post-test
mean score _mean score

When performing experiments in my
science laboratory course this semester, |
expect............ (pre-test)

When performing experiments in my
science laboratory course this semester,

Lo......... (past simple form of verbs of the

following phrases were used in items) (post-

test)

to learn science that will be useful in my life.  Cognitive/Affective 3,9 3,7
to worry about finishing on time. Affective 2,5 3,3
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to make decisions about what data to Cognitive 3,2 4,5
collect.

to feel unsure about the purpose of the Cognitive/Affective 34 34
procedures.

to experience moments of insight. Cognitive 3,0 2,9
to be confused about how the instruments Cognitive 3,2 3,2
work.

to learn critical thinking skills. Cognitive 3,4 3,2
to be excited to do science. Affective 3,0 4,0
to be nervous about making mistakes. Affective 2,8 4,3
to consider if my data makes sense. Cognitive 2,8 4,0
to think about what the molecules are doing.  Cognitive 2,4 2,1
to feel disorganized. Cognitive/Affective 3,7 3,7
to develop confidence in the laboratory. Affective 3,8 4,3
to worry about getting good data. Cognitive/Affective 2,8 2,6
the procedures to be simple to do. Cognitive 2,7 2,6
to be confused about the underlying Cognitive 2,7 2,6
concepts.

to “get stuck” but keep trying. Cognitive 3,2 3,2
to be nervous when handling chemicals. Affective 4,8 4,1
to think about science | already know. Cognitive 3,6 34
to worry about the quality of my data. Cognitive/Affective 31 3,6
to be frustrated. Affective 2,8 2,9
to interpret my data beyond only doing Cognitive 3,2 4,4
calculations.

to focus on procedures, not concepts. Cognitive 3,2 3,1
to use my observations to understand the Cognitive 3,2 3,0
behavior of atoms and molecules

to make mistakes and try again. Cognitive 3,6 3,5
to be intrigued by the instruments. Cognitive/Affective 4,1 3,6
to feel intimidated. Affective 1,9 3,0
to be confused about what my data mean. Cognitive 4,0 4,0
to be confident when using equipment. Affective 3,0 3,1
to learn problem solving skills. Cognitive 34 3,3

Asitis seen in Table 4 there are 16 items related to cognitive domain that refer to students’ cognitive (thinking)
process in the laboratory. 11 of them are positively worded and 5 of them are negatively worded. Negatively
worded items are recoded in order that students’ high score contributed to meaningful learning. The results of the
study showed that pre-service teachers increased their scores in 3 items in cognitive domain namely “to make
decisions about what data to collect”, “to consider if my data makes sense”, and “to interpret my data beyond only
doing calculations” with the average increase in the mean score from post-test to pre-test as 1.3, 1.2, 1.2
respectively. It is remarkable that all these three item are related to collecting and analyzing data. In the second
and third steps of ADI (see Table 1), students decide which method to collect data and interpret data to develop an
argument. Walker, Sampson and Zimmerman (2011) claimed that these steps help students “to learn how to design
and carry out informative investigations, analyze data, and learn how to deal with the ambiguities of empirical
work” (p. 1049). It is seen that these steps worked well to fulfill their expectations and pre-service teachers find
an opportunity to decide what type of data to need and how to collect them to develop an argument to answer
research question. This result is parallel with Walker and Sampson (2013)’s study that shows by means of the steps
of ADI students can develop the skills such as deciding which data to collect and how to interpret this data needed
to engage in scientific inquiry. In the cognitive domain pre-service teachers’scores did not changed in the following
three items; “to be confused about how the instruments work”, “get stuck but keep trying”, “to be confused about
what my data mean” and decreased only 0.1 point in the following six items; “to experience moments of insight”,
“the procedures to be simple to do”, “to be confused about the underlying concepts.” “to focus on procedures, not

to make mistakes and try again”, “to learn problem solving skills”. Since the scores of post-test and
99
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pre-test are the same or very similar (0.1 point decrease) it can be possible to conclude the cognitive expectations
measured with these items were almost fulfilled. There are only four items that participants expectations were not

»”

fulfilled namely “to learn critical thinking skills”, “to think about what the molecules are doing”, “to think about
science I already know”, “to use my observations to understand the behavior of atoms and molecules” with the
average decrease in the mean scores as 0.2, 0.3, 0.2, 0.2 respectively. These decreases were not dramatic and the
items generally related to chemistry. As we explained before all the investigations were not related to chemistry
and the emphases on the underlying explanations of observed phenomenon with respect to nature of particles might

be missing.

Table 4 shows that there are eight items related to affective domain. 5 of them are negatively worded and 3 of
them are positively worded. Negatively worded items are recoded again in order that students’ high score
contributed to meaningful learning. It can be concluded from the results that in affective domain pre-service
teachers’ experiences were better than their expectation. Pre-service teachers increased their scores in five items

e LEINT3

in affective domain namely “to worry about finishing on time”, “to be excited to do science” , “to be nervous about
making mistakes”, “to develop confidence in the laboratory”, “to feel intimidated” with the average increase in
the mean scores as 0.8, 1.0, 1.5, 0.5, 0.4 respectively. Two of the items (to be frustrated and to be confident when
using equipment)’ scores increased very slightly (0.1 point) from pre to post -test. Overview of the results showed
that students’ confidence in laboratory was grown and their eager about doing laboratory was increased in the ADI
instructional model. This is consistent with literature showing that when students attend laboratories where they
find opportunity to learn by engaging scientific practices, they develop positive attitudes towards laboratory and
they develop confidence in laboratory (Azizoglu & Uzuntiryaki 2006; Giines, Sener, Topal Germi, & Can 2013;
Hofstein 2004). Actually it is known that using chemical materials and using time effectively to complete an
experiment are some issues about which students might have anxiety in chemistry laboratory (Eddy, 2000). So
ADI model can be thought successful in not increasing students’ anxiety levels. There is only one item in affective
domain where pre-service teachers’ experiences surpassed their expectation on the feelings about using chemicals.
This item is “to be nervous when handling chemicals” with the average decrease of 0.7 point. Actually this result
corroborates previous research that has consistently shown that students need to be given sufficient time and
opportunities for interaction and reflection in chemistry laboratory in order to decrease their anxiety levels (e.g.
Gunstone & Champagne, 1990). This result is not surprising since we have only two experiment about chemistry
and it is understood that these are not sufficient to give students enough opportunity to be familiar with chemicals.

Table 4 also indicates that there are 6 items related to cognitive/affective (doing) domain indicating students’
practicing in the laboratory. Among them the number of positively worded items is two and the number of
negatively worded items is four. Again negatively worded items are recoded in order that students’ high score
contributed to meaningful learning. In cognitive/affective domain pre-service teachers increased their score only
in one item namely “to worry about the quality of my data” with the average increase as 0.5 point. Pre-service
teachers ‘scores did not changed in the following two items; “to feel unsure about the purpose of the procedures”
and “to feel disorganized”. There are three items that participants expectations were not fulfilled namely “to worry
about getting good data”, “to be intrigued by the instruments”, “to learn science that will be useful in my life”
with the average decrease in the mean score as 0.2, 0.5, and 0.2 respectively. Actually it is surprising that pre-
service teachers worried about getting good data since we gave them opportunity to recollect data when they are
not satisfied with their methodology. A possible explanation to this finding might be resulted from the time needed
to do extra work to recollect data. Moreover, the result that pre-service teachers’ affective expectation about the
instruments was not met after ADI instruction is consistent with the literature showing that students have high
anxiety about using equipment and chemicals (Kaya & Cetin, 2012) and they need time and opportunity to interact
with them to decrease their anxiety (Bowen, 1999; Hégstrém, Ottander, & Benckert, 2010).

It is common among three dimension that ADI based laboratory instruction did not help pre-service teachers
to engage chemicals more meaningfully. Their expectations about learning how equipment work, handling
chemicals safely and being confident in using chemicals did not meet. Unfortunately their expectation about
understanding the underlying concepts of observed phenomena in particulate dimension was not met. It is believed
that when the number of investigations related to chemistry is increased, students have more opportunity to inquire
particulate nature of phenomena. On the other hand it can be said that ADI is very successful in fulfilling pre-
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service teachers expectations related to collecting, analyzing and interpreting data.

Conclusion and Implications

This study tried to answer whether pre-service teachers’ expectations about laboratory can be met by the ADI
instructional model. Generally, the ADI instructional model is able to meet pre-service teachers’ positive
expectations especially in cognitive dimension. Also, it decreased pre-service teachers’ negative expectations in
cognitive dimension. Moreover in affective domain pre-service teachers’ experiences are better than their
expectation. We think that these findings support the ADI instructional model gives responsibility and active role
to students in designing knowledge through experiences. Overall, the ADI instructional model achieved fulfilling
students’ expectations that are ideal for all laboratory conditions.

There are several issues that born out from the results of this study and can be investigated in the future. First
of all, the effect of instructor in identifying students’ expectation/experiences can be investigated. Secondly, it will
be useful to determine whether the number and nature of ADI activities effect students’ expectation/experiences.
Thirdly, it will be interesting to study with high or middle school students. Finally, researchers can make interviews
with students’ to take in-depth information about their expectation/experiences in order to design more effective
science laboratories.

There are certain inevitable limitations of the present study. First of all, the population size is a major limitation
of this study. Specifically, the study was conducted with a small population size; therefore, the generalizability of
the findings is limited. To generalize the results of the study, it would be better to conduct the study with larger
groups. Secondly the duration of the implementation is another limitation of this study. The study lasted for eleven
weeks with six ADI activities. Longer studies might give different results. Lastly the results of this study based on
only quantitative data that is obtained from students self-filled likert type items. Qualitative data can give extra
information about students’ expectation/experiences which help to make better sense of the results.
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Ogrencilerin Biligsel ve Duyussal Beklentileri

Argiimantasyon Tabanh Sorgulayic1 Arastirma Yonteminin Yazmaya
Etkisinin Otesinde: Ogrencﬂerln Bilissel ve Duyssal Beklentilerinin
Incelenmesi

Giris

Fen egitimi alaninda yapilan birgok calismada 6grencilerin fen okuryazari olmalarinda laboratuvar
etkinliklerinin 6nemi ve kritik roli ele alimmstir (Cetin & Eymur, 2017; Cheung, 2011; Figueiredo, Esteves,
Neves, & Vicente, 2016; Obenland, Kincaid, & Hutchinson, 2014; Walker, Sampson, Southerland, & Enderle,
2016). Ayrica, bu ¢alismalardan ortaya ¢ikan ortak sonug geleneksel laboratuvar yonteminin sadece fen konularini
aktarmak i¢in kullanildig1 ve maalesef 6grencilere bilim ile ilgili uygulamalar yapma firsat1 vermedigi yoniindedir
(Cooper & Kerns, 2006). Bu yiizden birgok geleneksel laboratuvar sadece dgrencilerin bazi bulgulara ulasip bu
bulgulardan sonuglar ¢ikarmasi yoniinde tasarlanmistir. Bu “yemek kitab1” tarzinda hazirlanmis laboratuvarlar
ogrencilere bircok konu hakkinda bilgi sunmasma ragmen, aslinda Ogrenciler i¢in anlamli bir &grenme
gerceklesmemektedir (Domin, 1999; Hofstein & Lunetta, 2004). Baz1 fen egitimi arastirmacilart bu bulguyu
dikkate alarak Argiimantasyon Tabanli Bilim Ogrenme (Wallace, Hand, & Yang, 2005) ve Modelleme Ogretimi
(Hestenes, 1992; Wells, Hestenes, & Swackhamer, 1995) gibi bilginin yapilanmasini ve aragtirma-sorgulamay1 6n
plana alan yeni laboratuvar 6gretim modelleri onermislerdir. Arglimantasyon Tabanli Sorgulayici Arastirma
(ATSA) yontemi de bu yeni laboratuvar yontemlerine benzer olup o6grencilerin bilimsel okur-yazarligini
gelistirmede sadece laboratuvarlarin deneysel 6zelliklerine (soru sorma, yontem gelistirme) degil ayrica bilimsel
iddialarin sunumuna da (argiimantasyon, yazi yazma) c¢ok fazla 6nem vermektedir. Bu model Ggrencilere
arastirmalar tasarlama ve sonuglari degerlendirme gibi bilimsel uygulamalarda aktif rol vererek anlamli 6grenme
firsat1 vermektedir.

Novak’in anlamli 6grenme teorisine gore, anlamli 6grenmenin gergeklesmesi igin, 6grencilerin konuyla ilgili
on bilgisinin olmasi, yeni bilginin 6grencilere anlaml bir sekilde verilmesi ve dgrenme siirecinde 6grencilerin
aktif olarak rol almas1 gerekir (Bretz, 2001; Novak, 1993, 2010). Ogrenciler yeni bilgi ile var olan bilgi arasinda
iliski kurma asamasinda sorumluluk aldiginda, deneyimler yoluyla bilgi iiretmede aktif rol almaya baglar (Bretz,
2001; Novak, 1993, 2010). Novak, insanlarin bu deneyimlerini biligsel (diisiinme), duyussal (hissetme) ve
psikomotor (yapma) olmak iizere ayirmistir. Bu biligsel, duyussal ve psikomotor deneyimlerin basarili sekilde
biitinlesmesi ise anlamli 6grenme ile sonuglanmaktadir (Novak, J.D, 2010). ATSA yonteminin de 6grencilerin
anlamli 6grenmesini destekledigi diisiiniilerek, onlarin biligsel ve duyussal beklentilerinin bu yontem ile
karsilanacag diistiniilmektedir.

ATSA yontemi 6grencilerin anlamli 6grenmesini desteklemek i¢in Sampson ve Walker (2012) tarafindan
sunulan sekiz birbiri ile iligkili basamak igermektedir (Cetin, Metin, & Kaya, 2016) (Tablo 1).

Tablo 1. ATSA’nin basamaklari ve amaglar

Basamak Amac

Gorevi ve Yonlendirici

Arastirma Sorusunu Ogrencilerin ilgisini ¢cekmek

Ogrencilerin énceki bilgilerini etkinlestirmek

Tanimlamak
Aragtirma Y ontemini Ogrencilere arastirma tasarlama ve uygulama firsat: vermek
Tasarlamak ve Veri Ogrencilere ihtiyag duyduklari veri tiiriine ve nasil toplayacaklarina

Toplamak karar vermeleri i¢in firsat vermek
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Verileri Analiz Etmek ve
Aragtirma Sorusuna Gegici
Bir Argiman Uretmek

Ogrencilere iddialarmi, bu iddialarin kanitlarini ve kanitlarmin
gerekgelerini igeren gegici bir argiiman gelistirme firsati vermek

Ogrencilerin bilgilerini tartigmasini ve paylagmasini saglamak

Argumantasyon Ogrencilere argiimanlari ile ilgili doniitler alma sans1 vermek

Acik ve Yansitict Tartisma Og.renc.lle.rm. diger gl'r'uplar(_ia arkadaslari ile pa}ylaslmlarmdan elde
ettikleri bilgi ve tecriibeleri paylagsmalarini saglamak
Ogrencilerin yazili tartismanin nasil yazildigim dgrenmesini

Aragtirma Raporu Yazmak saflamak

Ogrencilere iyi bir inceleme raporunun nasil olmasi gerektigini
anlama sans1 saglamak
Ogrencilere kendi akranlarimdan doniit alma firsati saglamak

Akran Degerlendirmesi
Yapmak

Aragtirma Raporlarini

Diizenleyerek Tekrar Sunmak Ogrencilerin yazdiklarmi diizeltmesini ve gelistirmesini saglamak

Alan yazinda ATSA yonteminin Amerika’da lise dgrencilerinin biyoloji ve kolej 6grencilerinin kimya
yeterliliklerini artirmasina etkisini inceleyen calismalar bulunmaktadir (Strimaitis, Southerland, Enderle, Grooms,
& Sampson, 2017, Walker, Sampson, Grooms, Anderson, & Zimmerman, 2012). Genellikle, ATSA ile ilgili
caligmalar bu yontemin yazi yazma tizerindeki etkisi ile ilgilidir (Sampson, & Walker, 2012, Walker, Sampson,
Grooms, Anderson,& Zimmerman, 2012). Alan yazina gore, ATSA 6gretim modelinin &grencilerin daha iyi
yazmasina yardim ettigine dair sliphe yoktur. Fakat ATSA 6gretim yonteminin 6grencilerin biligsel ve duyussal
beklentilerini etkisini aragtiran herhangi bir ¢aligma bulunmamaktadir. Bu ¢alismanin amaci, 6grencilerin ATSA
yontemine gore tasarlanmis laboratuvar uygulamalarindan sonra bilissel ve duyussal beklentilerinin karsilanip
karsilanmadigini incelemektir.

Argiimantasyon Tabanh Sorgulayici Arastirmanin Teorik Cercevesi

ATSA yontemi sosyal yapilandirmact 6grenme teorilerine dayanmaktadir (Driver, Asoko, Leach, Mortimer, &
Scott, 1994; Anderson, 2007; Scott, Asoko, & Leach, 2007). Bu yaklagim, bilginin bireyden bireye transfer
edilerek degil de, ancak &grenen tarafindan aktif olarak yapilandirildigi varsayimma dayanmaktadir (Driver,
Asoko, Leach, Mortimer, & Scott, 1994). Bu yapilandirma da bireysel ve sosyal siiregle olusmaktadir. Sosyal
6grenme siireci insanlarin birbiri ile destekleyici ve egitici etkilesimine dayanirken, kisisel siire¢ ise bilginin ve
anlamanin kigisel olarak yapilandirmasini igerir. Bu teorik ¢ergevenin 6gretim modelleri i¢in iki dnemli sonucu
vardir. Bunlardan biri 6grencilerin deneyimlerinden &grenmeleri i¢in otantik bilimsel uygulamalara ihtiyag
duydugudur. Digeri ise 6grencilerin bilgi ve normlari 6grenmesi i¢gin bilimsel uygulamalarin ayrica egitici olmast
gerektigidir.

Duschl, Schweingruber ve Shouse argiimantasyonu “Amaglari fikir ve kanit arasindaki iligkiyi ortaya ¢ikarmak
olan mantiksal séylem” olarak tanimlamaktadir ( Duschl, Schweingruber, & Shouse, 2007, p.33). Bilimsel
arglimantasyon iddia, kanit ve kanitin gerekgesini icermelidir. Kanit, toplandiktan sonra iddiay1 ispat ve agikliga
kavusturmak i¢in kullanilan verilerdir. Bu kanit, 1) zamanla egilimi, (2) gruplar arasindaki farki veya (3) bir iliskiyi
aciklamalidir. Bilimsel bir argiimanin kanitlarinin gerekgelendirilmesi ise kanitlarin iligkisine ve gecerliligine
atifta bulunmaktadir. Teorik altyapisina bagl olarak, ATSA 6gretim modeli 6grencilere aktif olarak daha 6zgiin
ve daha egitsel laboratuvar aktiviteleri yapma firsati vermek i¢in Onerilmistir. Bize gore, ATSA Ggrencilere
deneyimler yoluyla bilgi Uretmede aktif rol vererek &grencilerin laboratuvar hakkindaki biligsel ve duyussal
beklentilerini karsilayabilecektir.
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Arastirma Sorusu
Caligmanin amaci dogrultusunda, bu ¢alismanin aragtirma sorusu asagidaki gibidir:
ATSA ogretim modeline gore tasarlanmig fen laboratuvari dersindeki bilimsel uygulamalar, fen bilgisi
Ogretmen adaylarinin biligsel ve duyusgsal beklentilerini karsilayabilir mi?

Yontem

Bu calismada, 6gretmen adaylarinin fen laboratuvarindaki biligsel ve duyussal beklentilerinin, deneyimleri
tarafindan karsilanip karsilanmadigini belirlemek amaciyla tek gruplu on-test son-test deseni kullanilmistir.

Orneklem

Bu calismaya, bir devlet iiniversitesinden secilen 3. sinif 32 (28 kiz, 4 erkek) fen bilgisi 6gretmen aday1
katilmistir. Ogrenciler 21 ile 23 yas araligindadir. Ogrenciler, 2014/2015 dgretim yili birinci yariyilinda ATSA
modelini bilen ve bu modelin uygulamasinda tecriibeli bir 6gretim iiyesi tarafindan verilen Fen Laboratuvari
dersine katilmiglardir. Katilimeilar bu ¢aligmadan 6nce Genel Kimya I-11, Genel Biyoloji I-11 ve Genel Fizik I-11
laboratuvarlarini tamamlamiglardir. Calismaya katilan fen bilgisi 6gretmen adaylari, arastirmacilara yakinliklari
ve erisilebilir olmalar1 nedeniyle secilmistir.

Veri Toplama Araci

Bu caligmada Galloway ve Bretz (2015) tarafindan gelistirilen Laboratuvarda Anlamli Ogrenme Olcegi
(LAOO) kullanilmustir. Olgegin amaci laboratuvar dersinde &grencilerin dgrenmelerinin bilissel ve duyussal
boyutlar1 ile ilgili beklentilerini ve deneyimlerini lgmektir. Olgegin orjinali kimya laboratuvari igin
hazirlandigindan 6grencilerin fen laboratuvarlarindaki deneyim/beklentilerini anlamak igin arastirmacilar gerekli
maddeleri fen olarak degistirmistir. Olgek, arastirmacilarin tekrar diizenleyerek 5°li likert tipinde hazirladig1 31
(16 biligsel, 8 duyussal, 6 biligsel/duyussal) madde igermektedir. Katilimcilardan her bir maddeye katilma
derecelerini gostermeleri istenmistir. Olgekte, 14 tane olumsuz madde bulunmakta olup yiiksek puanlarmn anlamli
O0grenmeye katkiyr gostermesi igin bu maddeler ters kodlanmigtir. Arastirmacilar maddeleri bagimsiz olarak
Tiirkge'ye cevirmisler ve anlagsmazliklarin olmasi durumunda ¢ézmek igin bir araya gelerek ortak bir karara
varmislardir. Maddelerin uygunlugundan emin olmak i¢in anket Tiirk¢e alaninda ve fen egitiminde uzman kisiler
tarafindan kontrol edilmis ve ankete son hali verilmistir.

Uygulama

Ugiincii sinif fen bilgisi 6gretmen adaylar1 ATSA etkinliklerine 11 hafta boyunca diizenli derslerinin bir pargasi
olarak katilmigtir. Ogretmen 6grencileri rastgele 4°1ii veya 5°li gruplara ayirmistir. On grup her hafta 4 saatlik bir
laboratuvar dersine katilarak altt ATSA etkinligi gerceklestirmistir. ATSA etkinlikleri kimya, biyoloji ve fizik ile
ilgilidir. Bu aktiviteler, yogunluk, gazlar, ¢imlenme, lamba parlakligi, enzimler gibi kavramlari arastirmak i¢in
tasarlanmigtir (Tablo 2). Bu etkinlikler arastirmacilar tarafindan daha 6nce fen laboratuvarlarinda kullanilmis ve
istenilen sekilde ¢alisip caligmadigi denenmistir (Cetin & Eymur, 2017; Eymur & Cetin, 2017; Erenler, 2017).

Tablo 2. Aktivitelerin Tanim

Aktivitenin Ad1 Yonlendirici Arastirma Sorusu

Yogunluk Bilinmeyen maddelerin kimligi nedir?

Gazlar Gazlarm hacim ve sicakliklari arasindaki iliski nedir?
Cimlenme Cimlenmeyi etkileyen faktérler nelerdir?

Lamba Parlaklig1 Lamba parlakhigini etkileyen faktorler nelerdir?
Enzimler Enzimlerin ¢aligmasini etkileyen faktorler nelerdir?
Basit Sarkag Sarkacin salinim sayisini etkileyen faktorler nelerdir?

Her bir ATSA etkinligi, 6gretmenin haftanin yonlendirici sorusunu, konuyla ilgili 6n bilgileri ve kullanilacak
malzemelerin listesini igeren bir metni dagitmasi ile baglamistir. . Her bir arastirma i¢in birinci basamakta verilen
arastirma sorular1 Tablo 2’ de sunulmustur. Ogretmen adaylar1 arastirma sorusunu cevaplamak ve arastirmay1
tasarlanmak icin gruplar halinde ¢alismuslardir. Ornegin yogunluk aktivitesinde gruplar toz halindeki kimligi
bilinmeyen maddenin kiitlesini ve hacmini hesaplamaya ¢aligmiglardir. Bu asamada her grubun hacim hesaplamak
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icin kullandig1 yontem farkli olmustur (dereceli silindire koyma, suda ¢ozme, sikigtirma gibi). Veri toplama
stirecinden sonra, 6gretmen adaylar1 verileri agiklayarak ve analiz ederek gegici bir argiiman gelistirmislerdir.
“Kimligi bilinmeyen toz madde tuzdur ¢iinkii bu maddenin yogunlugunu 2.1g/cm®bulduk. Bize verilen yogunluk
degerleri listesinde buldugumuz degere en yakin olan tuzdu.” argiimani 6grencilerin yogunluk aktivitesi igin
olugturduklari argiimana 6rnek gosterilebilir. Argiimantasyon oturumunda biiyiik kartonlar kullanilarak, 6gretmen
adaylart bu arglimanlarint diger gruplara gosterislerdir. Arglimantasyon oturumunda, &grenciler hem kendi
arglimanlarint sunmuslar hem de diger arkadaslarinin ortaya koydugu argiimanlari elestirmislerdir.
Argiimantasyon oturumundan sonra ise her bir grup deneyimlerini ve diisiincelerini paylasmak i¢in yansitici bir
tartigma yapmustir. Bu firsattan sonra, her dgrenci yonlendirici aragtirma sorusunu cevaplamak i¢in ayri ayri
aragtirma raporu yazarak Ogretmene sunmustur. Bu yazilan bireysel raporlar, bilimsel argliman yazilarmin
kalitesini artirmak i¢in akranlar tarafindan ¢ift-korlii diizeltilmistir. ATSA 6gretim modelinin son asamasinda her
Ogretmen aday1 akran doniitlerine gore kendi aragtirma raporlarini tekrar diizeltmislerdir.

Bulgular ve Tartisma

Bu béliimde arastirma sorusuna iligskin betimleyici analizler verilmistir. Ayrica, arastirma sorusu ve analiz
sonuglarma dayanarak kisa tartismalar da sunulmaya calisilmistir. Tablo 3, LAOO’ niin bilissel, duyussal ve
bilissel / duygusal boyutlarinin beklenti (6n test) ve deneyimler i¢in (son test) betimleyici istatistiklerini
gostermektedir.

Tablo 3. LAOQO’iin én-test ve son-test icin betimleyici analizleri

Boyutlar Ogrenci Min. Maks. Ortalama Standart
sayis1 Sapma
On-biligsel 32 43 61 52,0 6,2
Son-biligsel 32 42 65 53,0 51
On- duyussal 32 14 67 24,8 7.9
Son-duyussal 32 17 71 29,0 8,7
On bilissel/duyussal 32 10 22 21,1 3,0
Son biligsel/duyussal 32 12 26 20,5 2,8

Tablo 3’te goriildiigii gibi 6gretmen adaylarin biligsel boyuttaki 6n-test ve son-test puanlari birbirine ¢ok
yakindir (X =52 on-test ve X =53 son-test). Yine benzer olarak biligsel/duyussal boyuttaki 6n-test puanlari son-

testte cok az degismistir (X =21.1 6n-test ve X =20.5 son-test). Ogrencilerin degismeyen puanlari beklentilerinin
deneyimleri tarafindan gergeklestigi seklinde yorumlanabilir. Duyussal boyut incelendiginde, 6n-test puanlarimin

son-testte arttig1 goriilmektedir bu da dgrencilerin deneyimlerinin beklentinin (zerine ifade etmektedir (X =24.8

on-test ve X =29 son-test). Sonuc¢ olarak her (i¢ boyutta da son-test puanlarinda herhangi bir anlaml diisiis
gozlenmediginden, 6grencilerin beklentilerinin deneyimlerini ¢ok da asmadigi sonucuna varilabilir.

Genel olarak beklentilerin karsilandig1 sonucu goz 6niinde bulundurularak, maddelerin ayrintili analizi
yapilmistir. Tablo 4, her bir maddenin 6n-test ve son-test puanlarii gdstermektedir. Katilimcilarin son-testte 6n-
teste gore ¢ok yiiksek puan aldiklart (deneyimlerinin beklentilerinin {izerine ¢iktigi) maddeler koyu renkle
gosterilmistir.
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Tablo 4. Maddelerin 6n-test ve son-test puanlar1 (Maddeler 6n-test i¢in hazirlanan formdan alinmistir)

Maddeler Boyutlar On-test Son-test

ortalama ortalama
puani puani

Bu ddnem fen laboratuvarinda deney

yaparken.......... beklerim (6n-test)

Bu dénem fen laboratuvarinda deney

yaparken......... (maddelerde asagidaki

ifadeler icinde bulunan fiillerin ge¢gmis

zaman hali kullanilmistir)(son-test)

hayatimda yararli olacak fen konularini Biligsel/Duyussal 3,9 3,7

O0grenmeyi

zamaninda bitirme konusunda Duyussal 25 3,3

endiselenmeyi

hangi verileri toplanacagim konusunda Bilissel 3,2 4,5

kararlar almayl

prosediiriin amact konusunda emin Biligsel/Duyussal 3,4 3,4

hissetmemeyi

bir seyin igyiiziinii anladigim anlar Biligsel 3,0 2,9

yasamayi

cihazlarin nasil ¢alistig1 konusunda kafamin Bilissel 3,2 3,2

karigmasini

elestirel diisiinme becerilerini 6grenmeyi Bilissel 3,4 3,2

fen ile ilgili birseyler yapmak icin Duyussal 3,0 4,0

heyecan duymay

hata yapmak konusunda gergin olmay1 Duyussal 2,8 43

verilerimin mantikli olup olmadigini Biligsel 2,8 4.0

degerlendirmeyi

molekiillerin ne yaptiklarini diisiinmeyi Biligsel 2,4 2,1

daginik hissetmeyi Bilissel/Duyussal 3,7 3,7

laboratuvarda giiven gelistirmeyi Duyussal 3,8 4,3

iyi veri elde etmek konusunda Bilissel/Duyussal 2,8 2,6

endigelenmeyi

yapilmasi kolay prosediirlerle ugrasmayi Biligsel 2,7 2,6

altta yatan kavramlar konusunda kafamin Bilissel 2,7 2,6

karismasini

¢ikmaza girmeyi ama yine de denemeyi Bilissel 3,2 3,2

kimyasallarla ugrasirken gergin olmay1 Duyusgsal 4,8 41

zaten bildigim fen konular1 hakkinda Bilissel 3,6 3,4

diistinmeyi

verilerimin kalitesi konusunda Bilissel/Duyussal 3,1 3,6

endiselenmeyi

hayal kirikligina ugramis hissetmeyi Duyussal 2,8 2,9

verilerimi hesaplama yapmak igin Bilissel 3,2 4,4

kullanmanin étesinde yorumlamayi

kavramlara odaklanmak yerine prosediire Biligsel 3,2 3,1

odaklanmay1

atomlarin ve molekiillerin davraniglarini Bilissel 3,2 3,0

anlamak i¢in gdzlemlerimi kullanmay1

hata yapmay1 ve tekrar denemeyi Bilissel 3,6 3,5

cihazlarin ilgimi ¢ekmesini Biligsel/Duyussal 4,1 3,6

gozii korkmus hissetmeyi Duyussal 19 3,0
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verilerimin ne anlama geldigi konusunda Bilissel 40 40
kafamin karigmasini

cihaz kullanirken kendimden emin olmayi Affective 3,0 3,1
problem ¢6zme becerilerini 6grenmeyi Biligsel 3,4 3,3

Tablo 4°te goriildiigi gibi biligsel boyuttaki 16 madde 6grencinin laboratuvardaki biligsel (diisiinme) siirecini

kastetmektedir. Bu maddelerden 11°i pozitif anlamli iken 5’1 negatif anlamlidir. Negatif anlamli maddeler yiiksek
puanlarin anlamli 6grenmeyi gosterecegi sekilde yeniden kodlanmigtir. Bu caligmanin sonuglari 6gretmen
adaylarmin biligsel boyuttaki 3 maddede puanlarmi artirdigini gostermistir. Bu maddeler on-testten son-teste
ortalama puanlarin artisinin sirastyla 1.3, 1.2, 1.2 oldugu “hangi verileri toplayacagim konusunda kararlar almay1”,
“verilerimin mantikli olup olmadigimi degerlendirmeyi” ve “verilerimi hesaplama yapmak icin kullanmanin
otesinde yorumlamay1" maddeleridir. Bu sonugta dikkate deger olan bu iic maddenin de veri toplama ve analiz
etme ile ilgili oldugudur. ATSA’ nin ikinci ve i¢ilincii agsamalarinda 6grenciler argiiman gelistirmek i¢in hangi
yontemi ve verileri kullanacaklarina ve yorumlayacaklarina karar verirler. Walker, Sampson ve Zimmerman
(2011), bu adimmlarim O6grencilerin" verileri nasil analiz edeceklerini, bilgilendirici arastirmalari nasil
tasarlayacaklarimi1 ve uygulayacaklarim, ampirik ¢alismalarda belirsizliklerle nasil basa ¢ikacaklarin
o6grenmelerine” yardimct oldugunu iddia etmiglerdir (s. 1049). Bu sonuglara dayanarak bu agamalarin 6gretmen
adaylarmin beklentilerini karsilamak i¢in iyi ¢alistigini sdylemek miimkiindiir. Bu sonug, ATSA ydnteminin
mekanizmasinin 6grencilerin hangi verilerin toplanacagina karar verme ve bu verileri bilimsel bir ¢alisma icin
gerekli olacak sekilde yorumlama becerilerini gelistirdigini gosteren Walker ve Sampson (2013) 'in ¢caligmasi ile
paralellik gostermektedir. Ayrica, 6gretmen adaylarinin arastirma sorusunu cevaplamak igin olusturacaklari
arglimanda hangi veriye ihtiya¢ duyacaklarina ve bunlar1 nasil toplayacaklarina karar verme firsat1 buldugunu
gostermektedir. Biligsel boyutta 6gretmen adaylarinin 3 maddede puanlari degismemistir. Bu maddeler,
“cihazlarin nasil calistifi konusunda kafamin karismasini”, “cikmaza girmeyi ama yine de denemeyi” ve
“verilerimin ne anlama geldigi konusunda kafamin karismasimi” maddeleridir. Ayrica, “bir seyin igyiiziini
anladigim anlar yasamay1”, “yapilmasi kolay prosediirlerle ugrasmay1”, “altta yatan kavramlar konusunda kafamin
karigmasini”, “kavramlara odaklanmak yerine prosediire odaklanmay1” “hata yapmay1 ve tekrar denemeyi” ve
“problem ¢dzme becerilerini grenmeyi” gibi 6 maddede sadece 0,1’lik bir diisiis gdzlenmistir. On-test ve son-test
puanlariin ayni veya birbirine ¢ok yakin (0,1 puanlik diisiis) oldugu géz oniine alinirsa biligsel beklentilerin
neredeyse tamaminin gerceklestigi sonucuna varilabilir.
Biligsel boyutta sadece dort maddede katilimcilarin beklentileri ger¢eklesmemistir. Bu maddelerde 0,2 ve 0,3
puanlik olaganiistii disiisler gostermeyen “elestirel diislinme becerilerini 6grenmeyi”, “molekiillerin ne
yaptiklarini diistinmeyi”, “zaten bildigim fen konulari1 hakkinda diisiinmeyi” ve “atomlarin ve molekiillerin
davranislarini anlamak i¢in gézlemlerimi kullanmay1” gibi maddelerdir. Beklentilere kiyasla deneyimlerden elde
edilen bu diisiik puanlar hem ¢ok ciddi degildir hem de temelde kimya ile ilgili maddelerdedir. Daha &nce
acikladigimiz gibi, zaten biitiin aragtirmalar kimya ile ilgili degildir ve yapilan arastirmalarda taneciklerin dogasini
aciklayan konular bulunmamaktadir.

Tablo 4, kendine olan guveni arttirma beklentisini gosteren duyussal boyutla ilgili sekiz maddeyi
gostermektedir. Bunlarin 5’1 pozitif anlamli 3’1 ise negatif anlamlidir. Negatif anlamli maddeler yine yiiksek
puanlarin anlamli 6grenmeyi gostermesi i¢in yeniden kodlanmigstir. Bu bulgulardan da 6gretmen adaylarinin
duyugsal boyuttaki deneyimlerinin beklentilerinin iizerine ¢iktig1 goriilmektedir. Ogretmen adaylari “zamaninda
bitirme konusunda endiselenmeyi”, “fen ile ilgili birseyler yapmak i¢in heyecan duymayi” “hata yapmak
konusunda gergin olmay1”, “laboratuvarda giiven gelistirmeyi” ve “g6zii korkmus hissetmeyi” gibi 5 maddede
strastyla 0,8, 1,0, 1,5, 0,5, 0,4 puanlik yiikselis gostermistir. ki maddede (“hayal kirikligina ugramis hissetmeyi”
ve “ cihaz kullanirken kendimden emin olmay1”) 6n-testten son-teste puanlar ¢ok az (0,1) bir artig géstermistir. Bu
sonuglar ATSA 6gretim modelinin 6gretmen adaylarinin laboratuvardaki giliveninin yiikselmesine ve onlarin
laboratuvar1 kullanma istekliliginin artmasma yardimci oldugunu gdstermektedir. Bu sonug, literatiirdeki
ogrencilerin bilimsel uygulamalari yaparak 6grenme firsati bulduklari laboratuvarlarda, laboratuvara karst olumlu
tutum gelistirdiklerini ve laboratuvarda kendilerine giiven duyduklarini gésteren sonuglarla tutarlidir (Azizoglu &
Uzuntiryaki 2006; Giines, Sener, Topal Germi, & Can 2013; Hofstein 2004). Aslinda, kimyasal maddelerin
kullanilmasimin ve deneyi tamamlamak i¢in zamani etkili bir sekilde kullanmasinin 6grencilerin laboratuvarda
endige edebilecegi bazi konular arasinda oldugu bilinmektedir (Eddy, 2000). Bu yiizden ATSA ydntemi,
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ogrencilerin kaygi diizeylerini arttirmamasi agisindan basarili sayilabilir. Duyussal boyutta, 6gretmen adaylarinin,
kimyasal kullanimu ile ilgili deneyimlerinin beklentilerini astig1 tek bir madde vardir. Bu madde 0,7 puanlik diisiis
ile “kimyasallarla ugrasirken gergin olma” maddesidir. Aslinda bu sonug, 6grencilerin kimya laboratuvarinda
karsilikli etkilesim ve diigiinme icin yeterli zamana ve firsata sahip olduklarinda kaygi diizeylerinin azaldigim
goOsteren ¢aligmalar desteklemektedir (6r. Gunstone & Champagne, 1990). Bu sonug, uygulama boyunca sadece
iki kimya deneyi yapildig1 diisliniildiigiinde siirpriz degildir. Yapilan iki kimya deneyinin 6gretmen adaylarina
kimyasal maddelere asina olma firsati vermesi i¢in yeterli olmadig1 anlagilmaktadir. Ayrica, Tablo 4, alt1t maddenin
bilissel/duyussal boyutta oldugunu ve dgrencilerin laboratuvardaki uygulamalarini géstermektedir. Bunlarin ikisi
pozitif anlamli iken dérdii negatif anlamlidir. Yine negatif anlamli maddeler yeniden kodlanarak yiiksek puanlarin
anlamh 6grenmeye katki saglayacak sekilde olmasi amaglanmistir. Biligsel/duyussal boyutta 6gretmen adaylari
sadece ortalama 0,5 puanlik artigla “verilerimin kalitesi konusunda endiselenmeyi” maddesinde artig gdstermistir.
“Prosediiriin amact konusunda emin olmamay1” ve “daginik hissetmeyi” maddelerinde 6gretmen adaylarmin
puanlar1 degismemistir. Ayrica, 3 maddede katilimcilarin beklentileri karsilanmamistir. Bu maddeler de sirasiyla
ortalama 0,2, 0,5 ve 0,2 puanlik azalmanin oldugu “iyi veri elde etmek konusunda endiselenmeyi”, “cihazlarin
ilgimi ¢ekmesini” ve “hayatimda yararli olacak fen konularmi 6grenmeyi” maddeleridir. Aslinda, 6gretmen
adaylarmin iyi veri etmek i¢in endise duymalari sasirticidir, ¢linkii bu calismada yontemden memnun
olmadiklarinda onlara tekrar veri toplama sans1 verilmistir. Bu bulguya yol agan sebep yeniden veri toplamak igin
ekstra zamana ihtiya¢ duyulmasi olabilir. Bunun yaninda, ATSA yonteminin 6gretmen adaylarinin cihazlarla ilgili
duyussal beklentilerini karsilamadigi sonucu, literatiirde 6grencilerin kimyasal ve cihaz kullanimi konusunda
kaygili olduklarini gosteren (Kaya & Cetin, 2012) ve bu kaygiy1 azaltmak i¢in daha fazla zamana ve iletisime
ihtiya¢ duyduklarim1 gosteren caligmalarla (Bowen, 1999; Hogstrom, Ottander, & Benckert, 2010) uyumluluk
gostermektedir.

ATSA tabanli laboratuvar 6gretiminin, 6gretmen adaylarmin kimyasal maddeleri daha anlamli bir sekilde
kullanmasina yardimci olmadigi ii¢ boyutta yaygindir. Cihazlarin nasil ¢aligtigin1 6grenmek, giivenli sekilde
kimyasallart kullanmak ve kimyasallar1 kullanmada kendine gilivenmek konusundaki beklentileri
kargilanmamugtir. Maalesef, arastirilan konularda taneciklerin dogasi hakkindaki temel kavramlari anlama
hakkindaki beklentileri karsilanmamustir. Kimya ile ilgili aragtirmalarin sayis1 arttikga, 6grencilerin olaylarin
taneciklerin dogasini da sorgulama firsatin1 daha ¢ok bulacag: diisiiniilmektedir. Ote yandan, ATSA’nin 6gretmen
adaylarmin verilerin toplanmasi, analiz edilmesi ve yorumlanmasi ile beklentilerini karsilamakta ¢ok basarili
oldugu sdylenebilir.

Sonug ve Oneriler

Bu calisma, ATSA 6gretim modelinin 6gretmen adaylarinin laboratuvar konusundaki beklentilerinin karsilanip
kargilanmadigini cevaplamaya ¢alismistir. Genel olarak, ATSA 6gretim modeli, 6zellikle 6gretmen adaylarinin
bilissel boyuttaki pozitif beklentilerini karsilamigtir. Ayrica 6gretmen adaylarinin duyussal boyuttaki deneyimleri
beklentilerinin lizerine ¢ikmistir. Bu bulgular, ATSA 6gretim yonteminin 6grencilere deneyimler yoluyla bilgi
tasarlarken sorumluluk ve aktif rol verdigini destekler niteliktedir. Genel olarak, ATSA dgretim yontemi, dgretmen
adaylarmin tiim laboratuvar kosullari igin ideal olan beklentilerini karsilamay1 basarmustir.

Bu calismanin sonuglarindan dogan ve gelecekte arastirilabilecek birgok konu bulunmaktadir. Her seyden
once, dgretmenin dgrencilerin beklentilerini/deneyimlerini belirlemedeki etkisi arastirilabilir. Ikincisi, ATSA
etkinliklerinin sayisinin ve niteliginin 6grencilerin beklentilerini/deneyimlerini etkileyip etkilemedigini belirlemek
yararl olacaktir. Uciinciisii, ortaokul ve lise dgrencileri ile calismak ilging olacaktir. Son olarak, arastirmacilar,
daha etkin fen laboratuvarlari tasarlamak igin Ggrencilerin beklenti/deneyimleriyle ilgili derinlemesine bilgi
edinmek i¢in goriismeler yapabilirler.

Bu calismada da kaginilmaz olan belirli sinirhiliklar vardir. Oncelikle, bu calismanin ana simirliligi rneklem
biiyiikliigiidiir. Ozellikle, ¢alisma kiigiik bir 6rneklem ile gergeklestirildiginden, bulgularin genellestirilmesi
smirlidir. Bulgular genelleyebilmek igin, ¢alismanin daha biiyiik bir 6rneklem ile yapilmasi daha iyi olur. ikinci
olarak, ¢alismanin siiresi diger bir smirliligidir. Calisma, altt ATSA etkinligi ile 11 hafta siirmiistiir. Belki daha
uzun siireli ¢alismalar daha farkli sonuglar verebilir. Son olarak, bu ¢aligmanin sonuglart sadece dgrencilerin
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doldurdugu likert tarzi nicel verilere dayanmaktadir. Ogrencilerin beklentileri/deneyimleriyle ilgili nitel veriler
daha fazla bilgi vererek sonuglart daha anlamli kilabilir.
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