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Abstract: Current educational reforms consider scientific
reasoning skills as significant to engage students into
generate scientific explanations. The primary aim of this
study is to evaluate the effectiveness of a teacher-training
program, which is based on gaining knowledge,
instructional strategies and skills for science teachers to
promote students’ scientific reasoning skills. The
participants of this research, which was in holistic single
case study design, were an in-service science teacher who
had attended to Scientific Reasoning Skills Training
Program (SRSTP) and his thirty-two 5th grade students.
Teaching Scientific Reasoning Skills Observation Form
(TSROF), and Force and Motion Scientific Reasoning
Skills Test (FMSRT) were used as data collection tools.
Results indicated that the trained teacher showed success at
the rate of maximum %61,06 of observed phenomena with
%47,76 of them in behaviors dimension and the students
showed significant developments both in total score of
FMSRT and especially in inductive, deductive, causal,
analogical reasoning skills and control of variables strategy.

Keywords: Scientific reasoning, professional development
program, reasoning skills test, reasoning skills observation

Ozet: Giincel egitim  reformlari,  grencilerin
bilimsel agiklamalar {iretebilme siirecine dahil
olmalarinda akil yiriitme becerilerini 6nemli
gormektedir. Bu  ¢alismanin  temel amaci,
Ogrencilerin akil yiiriitme becerilerini tesvik etmek
icin bilgi kazanimi, Ogretimsel stratejiler ve
becerilere dayali bir 6gretmen egitimi programinin
etkililigini degerlendirmektir. Biitlinciil tekli durum
caligmasina dayali yiirtitiilen calismanin
katilimcilari, Akil Yiritme Becerileri Egitimi
Programimma (AYBEP) katilan bir fen bilimleri
Ogretmeni ve onun 32 besinci sinif 6grencisidir. Akil
Yiiriitme Becerileri Ogretimi  Gozlem Formu
(AYBOGF) ve Kuvvet ve Hareket Akil Yiiriitme
Becerileri Testi (KUHAYBET) veri toplama araglari
olarak kullanilmistir. Calismadan elde edilen
sonuglar, egitim alan Ogretmenin  godzlenen
olgulardan %47,76’s1 davranmg boyutunda olmak
iizere maksimum %61,06’sin1 basarabildigini ve
ogrencilerin hem KUHAYBET toplam puanlarinda
hem de o&zellikle tiimevarimsal, tiimdengelimsel,
nedensel ve analojik akil yiirlitme becerileriyle
degiskenlerin  kontrolii  stratejisinde ~ anlamli
gelismeler oldugunu géstermistir.

Anahtar Kelimeleler: Akil yiiriitme, mesleki gelisim
programzi, akil yiiriitme becerileri testi, akil yiiriitme
becerileri gozlemi
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Introduction

People wonder about questions like “Is there a possibility of living on another planet?, Can a less-
damaging treatment be found for cancer? or Which covid-19 vaccine do we prefer?”” and so on. In
order to cope with such questions, societies need individuals having next-generation science
standards (National Research Council [NRC], 2012). These standards aim to ensure individuals to
have the skills such as asking scientific questions, developing and using scientific models, planning
and conducting scientific investigations, analyzing and interpreting data, constructing scientific
explanations and finding solutions to problems, making arguments from evidence, obtaining,
evaluating and communicating the information in four basic disciplinary. Parallel to this, countries
make curriculum reforms to have students gain these skills required to construct knowledge
effectively. Therefore for decades, educational researches have focused on developing students’
“nature of science understandings” (Bilican, Tekkaya & Cakiroglu., 2012; Hacieminoglu, 2014;
Sangsa-ard, Thathong & Chapoo, 2014; Schiefer, Golle, Tibus, Trautwein & Oschatz, 2017),
“argumentation skills” (Cetin, Kutluca & Kaya, 2013; Larrain, Moreno, Grau, Freire, Salvat, Lopez
& Silva, 2017; Mason & Scirica, 2006), “inquiry skills” (Gobert, Kim, Sao Pedro, Kennedy &
Betts, 2015; Wang, Guo & Jou, 2015), “thinking skills” (Thaiposri & Wannapiroon, 2015; Vong
& Kaewurai, 2017), “metacognitive skills” (Tanner, 2012; Yabas & Altun, 2009; Yildiz & Ergin,
2007), “problem solving skills” (Bunterm, Wattanathom, Vangpoomyai & Muchimapura, 2012;
Tok & Sevinc, 2010) and so on. Scientific reasoning skills, which are the main topic of this research,
are closely related to the skills mentioned above.

Definition of Scientific Reasoning

Although there seems to be no consensus about the definition of scientific reasoning skills (SRS),
most researchers have defined them as skills used in the inquiry process (Han, 2013; Kuhn, 2002;
Lawson, 2004; Zimmerman, 2000). The reason for this is that while a person is in inquiry process,
he/she also uses scientific reasoning skills. For example, when a person wants to solve a problem,
he/she determines some probable solutions by using hypothetical-deductive reasoning skills and
chooses one of them to test. Then, he/she makes observations related to problem, determines the
variables that may affect the problem and related to problem, designs experiments and collects data.
In this process, while conducting an experiment kinesthetically correspondences to science process

skills, inferring causal relationships mentally about which variable should be dependent or
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independent correspondences to scientific reasoning skills (Chen & Klahr, 1999). After that, he/she
uses causal or correlational reasoning skills to determine the pattern of data or to infer the cause-
effect relationships between variables and then draw a tentative conclusion from data patterns by
using inductive, deductive or causal reasoning skills. Similar to controlling variables skills, while
drawing conclusion correspondences to science process skills, mental activities about drawing
conclusion correspondences to scientific reasoning skills. After reaching the conclusion, if he/she
still needs to know something new about the problem, again he/she engages with the cycle, which
starts with formulating hypotheses and ends with drawing tentative conclusion by using science
process skills and scientific reasoning skills. Hence, Benford (2001) stated that teachers having
high scientific reasoning skills could design more effective inquiry based learning environments
for students. This result has clearly showed the function of scientific reasoning skills in inquiry
process. Therefore, researchers have presented common opinions that scientific reasoning skills
include control of variables, deductive and inductive reasoning, causal and correlational reasoning,

proportional and probabilistic reasoning (Lawson, 1978; Zimmerman, 2000).

According to Klahr and Dunbar (1988), scientific reasoning skills are seen as problem-solving
approach. Students propose hypotheses based on prior knowledge or observation data and then
conduct experiments to test their hypotheses and finally evaluate evidences and construct scientific
knowledge. From this perspective, SRS contribute to both meaningful conceptualization and
process skills.

Researches about Scientific Reasoning Skills

This study addresses the effect of a professional development program on students’ scientific
reasoning skills development. Many researchers reported students’ status and the difficulties they
had about SRS. For example, Sadler et al. (2004) stated that only %10 of high school students
gave a correct and complete explanation about how data could be used in an argument. Similarly,
there were also other studies reported that students were naive in generating explanations from
collected data (Gyllenpalm, Rundgren, Lederman & Lederman, 2021; Penn, Ramnarain, Kazei,
Dhurumraj, Mavuru & Ramaila, 2021; Schimek, 2012) and in conducting multiple designs (Kuhn,
2007; Penn et al., 2021; Piraksa, Srisawasdi & Koul, 2014; Rind & Ning, 2020). In another study,
Erlina, Susantini and Wasis (2018) explained the reasons for students’ difficulties in proportional,

probabilistic, correlational and hypo-deductive reasoning and control of variables strategy.
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According to them, students could not use mathematical computing in comparative situations in
the context of proportional reasoning and they tended to consider same assumptions for different
situations in the context of probabilistic reasoning. They could not also define the variables
operationally and identify dependent and independent variable in the context of control of variables
strategy. Further, they could not generate an argument including a logical relationship when using

correlational reasoning and associate solutions with concepts in hypo-deductive reasoning.

Studies about students” SRS point out the need for other studies to improve the skills. Leach (1999)
emphasized the importance of learning environments where teachers use and model scientific
reasoning skills. However, teachers as designers of learning environments had deficiencies and
inadequacies in scientific reasoning skills. Geist (2004) reported that although teachers were
successful in performing some inquiry learning characteristics, they could not assess the
explanations and coordinate theory with evidence. Findings from other studies showed that teacher
did not have the understanding of evidence role (Beyer & Davis, 2008) and the knowledge about
SRS and designing learning environment based on these skills (Kocagiil Saglam & Unal Coban,
2020; Smit, Gijsel, Hotze & Bakker, 2018), they had difficulties in including data and reasoning
for supporting claims (McNeill & Knight, 2013; Sampson & Blanchard, 2012), controlling all
variables (Boudreaux, Shaffer, Heron & McDermott, 2008; Hilfert Riippell, Loob, Klingenberg,
Eghtessad, Honer, Miiller, Strahl & Pietzner, 2013) and coordinating theory and evidence (Kang,
Orgill & Crippen, 2008).

Teachers and students cannot be thought separately from each other in learning process. Students’
needs for what and how to learn shape teachers’ learning needs. Therefore, the first step should be
to provide teachers’ development in SRS to improve students’ reasoning skills. Hogan, Nastasi
and Pressley (1999) specified those whole class discussions guided by the teacher who promotes
scientific reasoning skills could contribute to development of students’ scientific reasoning skills
and quality discussions. Similar to this, Gillies (2011) gave a training focused on scientific
reasoning, problem solving and questions that promote thinking to teachers and at the end of this
training, it was found that teachers could use questions that promote scientific reasoning and
metacognition and their students could use these types of questions when talking each other. In
another study, training about bioethics cases was given to teachers and it was found that trained

teachers’ students gained significantly important achievements about subject knowledge, analyzing
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socio-scientific issues, awareness for ethic subjects, discussing different views and understandings

about science and society (Chowning, Griswold, Kovarik & Collins, 2012).
Purpose of the Present Study

In detailed literature analysis, studies that aim to develop students’ reasoning skills with the help
of teacher training programs were heavily on dialogical-pedagogical approach mostly (Sedova,
Sedlacek & Svaricek, 2016; Smit et al., 2018; Tadesse, Kind, Alemu, Atnafu & Michael, 2017),
changes in preferred instructional methods (Alonzo & Kim, 2018; Gillies, 2011; Stammen, Malone
& Irving, 2018) and teachers’ growth in scientific literacy (Koenig, Schen & Bao, 2012; Laius &
Rannikmae, 2011). Our current study also aims to evaluate the effectiveness of a professional
development program entitled Scientific Reasoning Skills Training Program (SRSTP). Results
from SRSTP indicated that it was effective on teachers’ knowledge about scientific reasoning skills
and their self-efficacy perceptions towards teaching them (Kocagiil Saglam, 2019). Further,
depending on other studies’ results, it was thought that classroom observation is the best method
to assess a training program authentically. Through present study, it was aimed to assess SRSTP,
which focused on seven scientific reasoning skills (inductive, deductive, causal, correlational,
proportional and analogical reasoning skills and control of variables strategy) used in inquiry
process, by observing trained teacher and testing his students’ developments in scientific reasoning
skills.

In this context, the following research questions were addressed:

1. To what extent did trained teacher reflect his learnings about scientific reasoning skills in
the classroom?
2. Did instructional practices implemented by trained teacher develop students’ scientific

reasoning skills?

Method

This study is about the second part of a professional development program aimed at promoting
students’ SRS through their science teacher’s training. In this context, this study was on case study
design. According to Karagoz (2017), case studies are based on examining in detail for testing a

theory or answering how, why and what questions about original or extreme cases. The study was
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on holistic single case study design because it was aimed to describe how trained teacher teaches
SRS in his classroom in detail through teacher observation and quantitative data obtained from
students (Yin, 2003).

Program Description

Scientific Reasoning Skills Training Program (SRSTP) was developed based on teachers’ needs
for teaching scientific reasoning skills, which researchers commonly agreed on (Kocagiil Saglam
& Unal Coban, 2020). We eliminated probabilistic reasoning skill from SRSTP due to the lack of
science lesson learning outcomes in Turkish Science Lesson Curriculum (Ministry of National
Education [MoNE], 2018) related to this reasoning skill and we included analogical reasoning skill
into SRSTP due to its role in scientific inquiry such as justifying a hypothesis or a model (Sullivan
Clarke, 2015). We taught these reasoning skills (deductive and inductive reasoning, causal and
correlational reasoning, proportional and analogical reasoning and control of variables strategy)
clearly, directly and explicitly in the context of SRSTP. Further, rather than using only one
instructional technique and focusing on only one subject knowledge for teaching SRS, we used
various subjects like electricity, laminar flow, Bernoulli principle, fossils etc. and instructional
techniques such as modelling, field trip, game and art-based activities, experimentations,

computational practices and cooperative group working based activities.

Whole training lasted for 4 days. In the first day, teachers engaged into “Introduction to scientific
reasoning” activities which include activities about what the claim, evidence, reasoning are, how
they relate to each other, similarities and differences between evidence and reasoning, roles of
competing theories in reasoning and ways for assessing reasoning in classroom. In the second day,
teachers engaged into “Identification of scientific reasoning skills” activities, which include
activities focused on each reasoning skill (inductive, deductive, causal, correlational, proportional,
analogical reasoning skills and control of variables strategy) and how this specific reasoning skill
can be developed in classes. In the third day, teachers engaged into “Development of scientific
reasoning skills” activities which include activities about asking open-ended, investigable question
and three approaches of inquiry-based learning to promote SRS. Finally, in the fourth day, teachers
engaged into “Designing learning environment” activities that include activities about designing

SRS based learning environment. The first part of SRSTP lasted for nearly 5 hours 15 minutes, the
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second part for 8 hours, the third part for 5 hours 15 minutes and finally the fourth part for 12 hours

15 minutes respectively.

Nearly 18 discussion sessions (after each activity) focused on “what can we do to implement this
in our classes?, what may possible problems be in terms of students and us?, how can we deal with

these problems?”” were held during SRSTP.
Participants

The participants of the research were a science teacher determined via purposive sampling, which
is one of non-probabilistic sampling techniques (Fraenkel & Wallen, 2008) and his 5th grade
students. Purposive sampling was preferred because the teacher to be observed must have attended

to SRSTP and should be volunteer to continue the research.

Participant teacher was a science teacher working at state middle school in one of center districts
of 1zmir, Turkey and he had professional experience of 6-10 years. Participant students (16 female
and 15 male), studying at 5th grade and attending to science and also science practices lessons of

the participant teacher, were nearly 10-11 years old.

Data Collection Tools

Teaching Scientific Reasoning Skills Observation Form (TSROF): Kocagiil Saglam (2019)
developed TSROF to guide observation of learning environment based on SRS. The observation
form has three dimensions entitled “teacher behaviors”, “teaching and learning” and “assessment”
and twenty-four behaviors to be observed totally. Observation form is semi-structured due to the
inclusion of sign system from quantitative methods (Wragg, 1993) and critical events technique
from qualitative methods (Wragg, 1999). Expert opinions from one professor from science
education department and two professors from physics education department provided content
validity of the form. Reliability of the form was provided through observing teachers’
presentations, each of which lasted 15-20 minutes, about designing learning environment based on
SRS in the last part of SRSTP by three independent trainers. At the end of each presentation,
Cochran Q test provided evidence for the inter-observer agreement. There are agreements for five
out of nine groups between observers (p1=0,273>.05; p2=0,407>.05; p3=0,071>.05;
p4=0,174>.05; p5=0,735>.05). For four groups, it was seen that observers except one gave similar
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points (p6=0,028<.05; p7=0,001<.05; p8=0,012<.05; p9=0,001<.05). When discussing the reason
for that, observers agreed on limited time for group presentations and tiredness of observers.
However, agreement on five of nine groups (%55,6) created evidence for the reliability of

observation form.

Force and motion scientific reasoning skills test (FMSRT). Kocagiil Saglam (2019) developed
the test in order to determine students’ usage of scientific reasoning skills (inductive, deductive,
causal, correlational, analogical, proportional reasoning and control of variables strategy) in the
context of Force and Motion Unit. While content validity of test was provided by expert opinions
and construct validity of test was provided by both tetrachoric correlation based factor analysis,
comparing high and low groups’ mean scores and item analysis. Results indicated that FMSRT had
17 items with average difficulty (p=0,560) and high discrimination index (rjx= 0,588) under one
factor. KR-20 reliability coefficient of test was .812. Final version of the matrix of unit gains and

reasoning skills was shaped as Table 1.

Table 1

The Matrix of Force and Motion Unit Gains and Scientific Reasoning Skills
Unit Gains IR DR CR CoR PR AR CoV
Measures the quantity of force by using a Item Item Item  Item
dynamometer. 7 8 6 4
Designs a simple dynamometer by using ordinary ltem Item
tools. 12 13
Gives examples for friction force from daily life. Ilt(e)zm Iltfm
Explores the effect of friction force on movement in  Item Item Item Item Item
various surfaces by experimenting. 1 3 14 17 9
Produces new ideas to minimize and maximize the Item Item Item Item
friction force in daily life. 16 2 5 15

Note. IR=inductive reasoning; DR= deductive reasoning; CR= causal reasoning; CoR=
correlational reasoning; PR= proportional reasoning; AR=analogical reasoning; CoV= control of
variables strategy

Data Collection Process

The study was in holistic single case study design because we intended to describe how trained
teacher teaches SRS in his classroom in detail through teacher observation and students’

quantitative data (Yin, 2003).

After the completion of SRSTP, we informed all teachers about following “class practice” and
determined one volunteer teacher. VVolunteer teacher is still working at middle school in one of
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central districts of 1zmir, Turkey and has 6-10 years’ professional experience. He was teaching

“Science” and “Science Practices” to fifth graders in the time of class observation.

The aim of class practice was to determine by observing how trained teacher reflected his learning
from SRSTP and how much he was successful at teaching SRS to his students and the effectiveness
of SRSTP by measuring the developments of students’ SRS. Observation process started four
months later from the end of SRSTP. First author who was also the trainer of SRSTP and two pre-
service science teachers who were given training about SRS conducted observation process.
Totally 21 lessons were observed but in one of these lessons, a participant student asked a question
about genes that was out of context and so, this lesson was excluded from analysis. In all 20 lessons,
ten of them were observed only by the first author, three of them by the first author and Observer
1 and seven of them by the first author, Observer 1 and Observer 2. Each observed behavior was
scored as 1 and unobserved as 0. Reliability of observation process was provided by calculating
coherence between observers with Cochran Q test. Results showed that there was % 80 agreement
between the first author and Observer 1. The reason of inconsistency between observers was
discussed and thought that this might be stemmed from making faulty observation due to Observer
1’s simple health problems. It was also found that there was %57,14 agreement (4 of 7 lessons)
between the first author, Observer 1 and Observer 2; %57,14 agreement between the first author
and Observer 2 and %100 agreement between Observer 1 and Observer 2. The reason of
inconsistency between observers was also discussed and found that two of observers gave close
points and other observer gave lower points from them. It was thought that this might be stemmed
from observers’ personal error sources such as tiredness etc. However, it can be said that

observation process was reliable finally.
Data Analysis

In order to answer the first research problem “To what extent did trained teacher reflect his
learnings about scientific reasoning skills in the classroom?”, teacher were scored as 1 or 0 for each
observed item in TSROF. Then, total TSROF scores were calculated for each lesson and
quantitative data were analyzed by using descriptive statistics. For this, mean scores of each lesson
and teacher’s success percentage about each observed lesson were calculated. Although TSRSOF
had qualitative part, any qualitative data were not obtained. Because, no critical events occurred in
observation process.
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In order to answer the second research question “Did instructional practices implemented by
trained teacher develop students’ scientific reasoning skills?”, data obtained from FMSRT were
analyzed by using statistical programs. Students got 1 point for each correct answer and 0 for each
blank or wrong answer. Then, total scores for each scientific reasoning skill were calculated and
tested for normal distribution. Parametric tests were conducted for scores having normal

distribution while non-parametric tests for other scores.

Results

In order to answer the first research problem “To what extent did trained teacher reflect his
learnings about scientific reasoning skills in the classroom?, we analyzed teacher’s success

percentage for teaching SRS. Obtained findings were presented at Figure 1.

LES17
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LES20

LES6

LES7

M % Success
LES19

LES11

LES18

LES15

LES10

0 10 20 30 40 50 60 70

Figure 1. Trained teacher’s success rate for teaching scientific reasoning skills
Note. x-axis shows the success percentage and y-axis shows the observed lessons

As seen in Figure 1, trained science teacher performed minimum %29,17 and maximum %61,04
of behaviors in TSROF. When evaluating total scores of TSROF, it was seen that teacher had
minimum success percentages in lesson 2, 9 and 17 and maximum success percentages in lesson
10, 12 and 15.
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During the lessons with minimum success percentage (lesson 2, lesson 9 and lesson 17), teacher
had conducted some activities instead of teaching content knowledge of unit. For example, in
lesson 8, teacher got his students to watch a documentary about Isaac Newton’s life and his studies.
In lesson 18, teacher answered students’ exam questions. In this lesson, researcher noted that some
exam questions were at knowledge level but some of them were for assessing inductive, deductive
and proportional reasoning skills. Finally, in lesson 2, teacher acted in a way that limits students’
scientific reasoning skills such as showing no tolerance to students’ explanations and not
encouraging students to explain their thinking etc. Further, in maximum success percentage lessons
(lesson 10, lesson 12 and lesson 15), teacher conducted activities related to teaching and assessing
learning gains of Force and Motion unit. For example, in lesson 15, teacher asked open-ended
questions about friction force such as “if no one continues to rock a child on the swing, what is the
reason of stopping swing after a while?”” or “what is the reason of leaning their head forward for
bike racers when riding?” etc. These questions were answered through justification during whole
class discussion. In lesson 10, which had the highest success percentage, students solved multiple-
choice tests related to factors affecting a dynamometer’s extension with justifications. In this lesson,
the first author noted that multiple-choice questions were for assessing inductive, deductive and
proportional reasoning skills and teacher modelled scientific reasoning skills promotive behaviors

like thinking aloud etc.

Besides the success percentages for each lesson, teachers’ success percentages for each dimension

of TSROF were also analyzed. Findings were presented at Figure 2.

assessment 38,71

teaching and learning 44,99 B mean of %success
behaviours 47,76
20 40 60

Figure 2. Mean of success percentages for each dimension of TSROF
Note. x-axis shows the success percentage and y-axis shows the dimensions of TSROF.
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According to Figure 2, trained teacher had the highest success performance in behaviors dimension
and the least in assessment dimension.

In order to answer second research problem “Did instructional practices implemented by trained
teacher develop students’ scientific reasoning skills??” both test total score and total scores for
each scientific reasoning skill were calculated and then they were tested for normal distribution.
Shapiro-Wilks test results showed that while pre and posttest total scores distributed normally
(Zpretest=-952, p=.173; Zposttest=-961, p=.309), total scores for each scientific reasoning skills did not
(Zpreir=.804, p=.000; Zpostir=.840, p=.000; Zprepr=.855, p=.001; Zpostor=.828, p=.000; Zprecr=.760,
p=.000; Zpostcr=.794, p=.000; Zprerr=.694, p=.000; Zpostrr=.719, p=.000; Zprecor=.462, p=.000;
Zpostcor=.548, p=.000; Zprear=.629, p=.000; Zpostar=.519, p=.000; Zprecov=.789, p=.000;
Zpostcov=.798, p=.000). For this reason, we used parametric tests for test total scores analysis and

nonparametric tests for sub-dimensions scores.

In order to determine whether there was a significant difference between pre and post scores of
FMSRT, paired-sample t test was conducted and results were presented at Table 2. Effect size value

for paired sample t-test was calculated with t/A'N formula (Cohen, 1988).

Table 2

FMSRT Pre and Posttest Mean Scores t-Test Results

Measure N M SD t(30) P d
Pre test 31 7.51 2.46 e
Posttest 31 10.48 2.85 6.261 000 1.124

Note. ***p<.001

As shown in Table 2, students’ post test scores of FMSRT (x= 10.48) showed an increase by
comparison with their pre test scores (Xx=7.51) and this increase was statistically significant (t(30)=
6.261; p<.001). The Cohen’s d statistics (d=1.124) indicated a large effect size (Cohen, 1988;
Pallant, 2010). This finding indicates that scientific reasoning skills learning practices and

behaviors for supporting them by the trained teacher have large effect on developing students’ SRS.

In order to learn which skill/s developed specifically Wilcoxon Signed Rank Test was conducted
and results were presented at Table 3. Effect size value for Wilcoxon signed rank test was
calculated with IzI/AN formula (Corder & Foreman, 2014).
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Table 3
Results of Wilcoxon Signed Rank Test for FMSRT Pre and Posttest Scores
Posttest-pre test  n Mean rank Sum of ranks z p d
Negative rank 17 12.53 213.00
Positive rank 5 8.00 40.00 2925 003* 595
Equal 9
o qua
Negative rank 22 14.80 325.50
Positive rank 5 10.50 52.50 -3.369 001%* 605
. Equal 4
a
Negative rank 15 11.00 165.00
iti . 45.00
Positive rank 5 9.00 2419 016+ 434
o Equal 11
(@)
Negative rank 6 6.83 41.00
Positive rank 5 5.00 25.00
-.758 448 136
o Equal 20
(@}
o
Negative rank 9 8.33 75.00
Positive rank 6 7.50 45.00
-.943 .346 169
Equal 16
o
[a
Negative rank 11 6.00 66.00
Positive rank 0 0 0 -3.317 001** 595
@ Equal 20
< q
Negative rank 14 10.54 147.50
Positive rank 5 8.50 42.50 2.276 023* 408
2 Equal 12
o

Notes.IR=inductive reasoning; DR=deductive reasoning; CR=causal reasoning; CoR=correlational
reasoning; PR=proportional reasoning; AR= analogical reasoning; CoV=control of variables
strategy
*p<.05; **p<.01

As shown in Table 3, there were statistically significant differences in inductive, deductive, causal,
analogical reasoning skills and control of variables strategy in support of post test scores (Zir=-
2.925; p=.003; Zpr=-3.369; p=.001; Zcr=-2.419; p=.016; Zar=-3.317; p=.001; Zcov=-2.276;
p=.023). Scientific reasoning skills learning practices and behaviors for supporting them by trained
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teacher have large effects on developing students’ inductive, deductive and analogical reasoning

skills and medium effects on causal reasoning and control of variables strategy.

Discussion and Conclusion

This study was the second part of a long-term study, which focused mainly on the reflections of
science teacher’s learning from a teacher training program and development of students’ scientific
reasoning skills. In this context, firstly researchers developed Scientific Reasoning Skills Training
Program (SRSTP) and then implemented to 35 in-service science teachers through 4-day workshop.
At the end of SRSTP, participant teachers showed significant developments especially in causal
and correlational reasoning skills in the context of scientific reasoning skills knowledge. In addition,
their academic proficiency and perceived abilities about designing SRS based learning
environment, using SRS in the classroom, preferring instructional methods to promote SRS and
assessing SRS improved significantly in the context of self-efficacy perceptions towards teaching
SRS. Therefore, SRSTP activities provided support for both gaining knowledge and skills for
teaching scientific reasoning skills. Then, one of the participant teachers was determined for the
present study and he shared their understanding and gains with their students and tried to support
them in using SRS in the context of Force and Motion Unit. Our current research aimed to evaluate
the effectiveness of SRSTP authentically by observing trained teacher in the classroom and

implementing multiple-choice test to his students for determining SRS development.

Findings of observation process showed that trained teacher performed minimum %29,16 of the
behaviors in TSROF. Teacher solved multiple choice questions about force and motion concepts,
which is requirement for Turkish exam system and got students to watch some documentaries
related to Newton’s life etc. in lessons with minimum score. Supporting this, Geist (2004) also
reported that teachers had difficulties in practicing SRS in the classroom due to requirement to use
multiple-choice tests for evaluating students. Besides, lessons with minimum observation scores
make us think that teacher cannot use these teaching materials (watching documentary etc.) for
fostering students’ SRS or in another words he cannot apply his reasoning skills to these materials.
However, trained teacher performed maximum %61,08 of the behaviors in TSROF. The reason
may stem from the discipline-specific disposition of teacher’s SRS. In the present study, we
observed trained teacher’s use of scientific reasoning skills in the context of a physical unit, Force

and Motion Unit. Therefore, teachers’ use and quality of SRS may be affected from his content
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knowledge as Hogan (2002) said. Another reason may be training time. SRSTP lasted for 4 days
and only one day was on designing learning environments. This anticipated time may not be enough
for teachers to get their independence for designing and implementing a SRS-based lesson.
Similarly, other researchers stated that teachers did not become independent in designing learning
environment skills (Davis, Beyer, Forbes & Stevens, 2007; Smit et al., 2018). However, we still
say that SRSTP was effective in teachers’ use and students’ development of SRS depending on the
present findings. In lessons with maximum scores, trained teacher used open-ended questions,
whole group discussions etc. which could lead students to think. Data also showed that trained
teacher had the highest performance in behaviors dimension of TSROF. We interpret this as the
reflection of SRSTP. Because, in SRSTP researchers enabled participant teachers to experience the
ways for promoting students’ SRS such as asking questions activities and three approaches for
inquiry implementation in class. Further, teachers experienced many instructional techniques while
engaging into reasoning activities. For example, they conducted a data-reasoning activity based on
competing theories or causal reasoning activity based on modelling etc. In addition, whole group
discussion sessions were held after each activity. This may explain the success percentages in
TSROF and the reason for the use of discussion and questioning methods dominantly. This is
consistent with other studies reported that direct and explicit teacher training about scientific
reasoning skills was effective for developing participant teachers’ scientific reasoning skills and
their ability for designing learning environment based on these skills (Koenig et al., 2012; Stammen
et al., 2018; Tadesse et al., 2017).

Another finding reveals that teacher’s behaviors for promoting SRS were effective in developing
students’ skills. This may stem from teachers’ behaviors such as using open-ended questions,
allowing students to think when asked a question, solving problems together by think aloud strategy
in whole class discussions etc. This finding supports other studies’ results reported that scientific
reasoning skills could be developed via discussion method (Hogan et al., 1999; Mercer, Dawes,
Wegerif & Sams, 2004; Schwartz, Lederman & Crawford, 2004; Smit et al., 2018; Tadesse et al.,
2017; Wu, Tseng & Greenan, 2003).

Based on these two findings, it is obvious that trained teacher’s behaviors and preferred methods
have a vital role in developing students’ SRS. This finding supports other studies reported that

students’ scientific reasoning skills could be developed through teachers’ training (Chen & She,
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2015; Chowning et al., 2012; Gillies, 2011; Hogan et al., 1999; Jacops, Franke, Carpenter, Levi &
Battey, 2007; Mercer et al., 2004; Schwartz et al., 2004; Sedova et al., 2016).

Limitations and Suggestions

The first limitation of our study is that only one trained teacher was observed about reflecting his
learning from SRSTP. In hindsight, it might be better to observe more trained teachers to learn to
what extent they can reflect their learning from SRSTP in the classroom. Another limitation is that
observation process was restricted only by 5th grade Force and Motion Unit. It might be helpful to
observe trained teacher while he teaches different subjects to various graders for evaluating

SRSTTP authentically. In another study, more observation data should be collected in detail.

The change in students’ SRS are mainly brought by the teacher’s behaviors and his preferred
methods such as asking open-ended questions and holding whole class discussions etc. Creating a
classroom culture based on debate and effective communication between students and teachers and
model some behaviors such as listening students’ explanations with patience, promoting students
to justify their thinking, presenting daily lives problems, encouraging them to explain their thinking,
thinking loudly when solving a problem should be better for developing students’ SRS. Further,
researchers should give training to more teachers about asking investigable questions and creating

effective and productive classroom discussions.

Another limitation of the study is that, the effects of trained teacher’s instructional practices on
students” SRS development were evaluated only by observing depending on quantitative data.
Collecting data with triangulation should be used for revealing students’ development of SRS in
detail.

Further, researchers may investigate the effect of teachers’ instructional practices after SRSTP on

students’ various variables such as cognitive development levels, critical thinking levels and so on.
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Genis Ozet
Cahismanin Gerekcesi

Teknoloji ile birlikte gelisen diinyaya ayak uydurabilmek icin giiniimiiz ve gelecek toplumlari
bilimsel sorular sorabilen, bilimsel modeller kullanabilen ve gelistirebilen, bilimsel arastirmalar
yapabilen, bilimsel aciklamalar iiretebilen, problemlere ¢6ziim Onerebilen bireylere ihtiyag
duymaktadirlar. Akil yiiritme becerileri ise, bilimsel bilginin olusturulmasinda kullanilan beceriler
olmasi sebebiyle bu siirecte onem tasimaktadirlar. Bununla birlikte yapilan ¢alismalar 6grencilerin
(Gyllenpalm ve dig., 2021; Kuhn, 2007; Penn ve dig., 2021; Piraksa, Srisawasdi ve Koul, 2014;
Rind & Ning, 2020; Sadler, 2004; Schimek, 2012; hatta 6gretmenlerin dahi (Beyer ve Davis, 2008;
Boudreaux ve dig., 2008; Geist, 2004; Hilfert Riippell ve dig., 2013; Kang, Orgill ve Crippen,
2008; Yazar 1 ve Yazar 2, 2020; McNeill ve Knight, 2013; Sampson ve Blanchard, 2012; Smit ve

dig., 2018) akil yiiriitme becerileri konusunda bazi eksiklikleri oldugunu rapor etmislerdir.

Calismanin Amaci

Bu calisma, fen bilimleri 6gretmenlerinin katildigi Akil Yiiriitme Becerileri Egitim Programi
(AYBEP)’nin ikinci asamasini olusturmaktadir ve egitim alan 6gretmenin sinif ortaminda gézlemi

ve 6grencilerinin akil yiiriitme becerileri konusundaki gelisimlerinin sinanmasi yoluyla s6z konusu
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egitim programinin degerlendirilmesini amaglamaktadir. Calisma kapsaminda asagidaki aragtirma

sorulari ele alinmustir:

e Egitim alan fen bilimleri Ogretmeni, Ogrendiklerini ne Olglide smif ortamina
yansitabilmektedir?
e [Egitim alan fen bilimleri 6gretmeni tarafindan gergeklestirilen 6gretimsel uygulamalar,

ogrencilerin akil yiiriitme becerilerini gelistirmekte midir?

Yontem

Bu caligmada, egitim alan 6gretmenin sinifinda nasil akil yiirlitme becerileri 6gretimi yaptigi
gozlem yoluyla ve 6grencilerden toplanacak nicel veriler yoluyla detayl1 bir sekilde incelenmek
istendiginden biitiinciil tekli durum c¢alismasi kullanilmigtir (Yin, 2003). Calismanin katilimcilarini
AYBEP’na katilan ve sonrasinda ¢alismaya devam etmeye goniillii bir fen bilimleri 6gretmeni ve
onun 32 besinci sinif d6grencisi olusturmaktadir. Calisma kapsaminda veriler her ikisi de birinci
yazar (2019) tarafindan gelistirilen “Akil Yiiriitme Becerileri Ogretimi Gézlem Formu (AYBOGF)”
ve “Kuvvet ve Hareket Akil Yiiriitme Becerileri Testi (KUHAYBET)” araciligiyla toplanmustir.
AYBOGF, 6gretmen davranislari, 6grenme ve 6gretim ve degerlendirme olarak ii¢ boyut altinda
toplam 24 gozlenecek davranis igermektedir. KUHAYBET ise, orta giigliikte (p=0,560) ve yiiksek
ayiricilikta (rjx= 0,588) toplam 17 sorudan olugmaktadir ve KR-20 giivenirlik katsayis1 .812 olarak

bulunmustur.

Calisma kapsaminda toplam 21 ders gozlemlenmistir ancak bu derslerin birisinde 6grencilerden
biri tarafindan sorulan ve konuyla ilgili olmayan bir soru tartigildig: i¢in bu ders gozlem verileri
arasindan cikarilmistir. Gozlem siireci, AYBEP nin tamamlanmasindan yaklasik dort ay sonra
baslamistir ve birinci yazar ile akil yliriitme becerileri egitimi verilen iki fen bilimleri 6gretmen

aday1 tarafindan gézlem siireci yiirlitilmiistiir.

AYBOGF’ndan elde edilen verilerin analizinde betimsel istatistik kullanilmistir. Bu amagla,
gozlemlenen her ders i¢in ortalamalar ve Ogretmenin bagsar1 ylizdeligi hesaplanmigtir.
KUHAYBET’nden elde edilen verilerin analizinde ise istatistik programlarindan yararlanilmistir.
Bu kapsamda 6nce genel test puanlarinin ve her biri beceriden alinan puanlarin normal dagilim

durumu sinanmig ve uygun olan testler ile analiz gergeklestirilmistir.
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Sonuc¢ ve Tartisma

AYBOGF’ndan elde edilen bulgular, 0Ogretmenlerin  gdzlemlenecek  davramislarin
minimum %29,16’sin1 yapabildiklerini gdstermistir. Ogretmen gézlem formunda en az puan aldig
derslerde tilkemiz sinav sisteminin bir geregi olarak s6z konusu tiniteyle ilgili goktan segmeli testler
¢Ozdiirmiis ya da iinite kapsaminda bahsedilen bilim insanlarina yonelik belgeseller izletmistir.
Elde edilen bu bulgu, Geist (2004) tarafindan ifade edilen degerlendirme i¢in ¢oktan segmeli testler
kullaniminin akil yiirlitme becerilerini sinifta uygulamada zorluklar olusturdugu goriisiiyle uyum
gostermektedir. Bunun yani sira, belgesel izlettirme vb. yontemlerin segildigi derslerde 6gretmenin
akil yliriitme becerileri puaninin diisiik olmasi, 6gretmenin bu 6gretim materyallerini 6grencilerin
akil yiiriitme becerilerini tesvik edebilecek sekilde kullanamadigini disiindiirmektedir. Bununla
birlikte, 6gretmen gozlem formundaki davranislarin en fazla %61,08’ini yerine getirebilmistir.
Egitim alan 6gretmen, calismanin da bir sinirlilig1 olarak ifade edilebilecek yalnizca tek bir {inite
kapsaminda gozlemlenmistir. Bu sebeple, Hogan (2002)’nin da ifade ettigi gibi 6gretmenin akil
yiirtitme becerileri kullanim durumu gézlemlendigi dersin konu alan bilgisinden kaynakli olabilir.
Bir diger sebep, AYBEP nin siiresi olabilir. AYBEP kapsaminda 6gretim ortami tasarlamaya
yalnizca 1 giin ayrilmistir. Bu siire, 6gretmenin bagimsiz bir sekilde akil yiirlitme becerilerini tesvik
edici 0grenme ortami tasarlama yeterligi kazanmasina yetmemis olabilir. Bununla birlikte,
ogretmen tarafindan davranislarin yaklasik %60’1mnin gergeklestirilmesi de énemlidir. Ogretmen
yiiksek puan aldig1 derslerde agik uclu sorular kullanmis ve tiim sinif tartigmalart yiirtitmiistiir.
AYBEP kapsaminda gergeklestirilen her etkinlikten sonra da tartisma oturumlarinin diizenlenmest,
ogretmenin derslerinde baskin sekilde sinif tartismalar1 kullanmasini tesvik etmis olabilir. Gézlem
formundan elde edilen bir diger bulgu ise 6gretmenin gozlem formunda en fazla “6gretmen
davraniglart” boyutuyla ilgili davranislar1 gerceklestirebilmis olmasidir. Bu durum AYBEP ile
ogretmenin smuf i¢i akil yiiriitme becerileri tesvikinin saglanmasinda farkindalik kazandigi

seklinde yorumlanmaktadir.

KUHAYBET’nden elde edilen bulgular ise 6gretmenin akil yiiriitme becerilerini gelistirmek iizere
smif i¢i davranmiglarinin 6grencilerin akil yiiriitme becerileri gelisimini etkiledigini gostermistir.
Gozlemlenen derslerde 6gretmen agik uglu sorular sorarak dgrencileri diistinmeye yonlendirmistir,
soru sordugunda diistinmeleri i¢in onlara zaman tanimistir, sesli diisiinme teknigi ile problemlerin

¢cozlimiinde onlara model olmustur ve etkili tiim sinif tartigmalar yiiriitmiistiir. Bu bulgu, 6gretmen
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egitimi yoluyla 6grencilerin akil yiiriitme becerilerinin gelisebilecegini ortaya koyan diger ¢calisma
sonuclartyla uyum gostermektedir (Chen ve She, 2015; Chowning ve dig., 2012; Gillies, 2011;
Hogan ve dig., 1999; Jacops ve dig., 2007; Mercer ve dig., 2004; Schwartz ve dig., 2004; Sedova
ve dig., 2016).

Smirhliklar ve Oneriler

Calismanin iki temel sirliligi oldugu diistiniilmektedir. Bunlardan birisi AYBEP nin siif i¢i
etkiligini degerlendirmek tizere yalnizca bir 6gretmenin gozlemlenmis olmasidir. Gérev yaptiklar
okul agisindan farkli olan daha fazla 6gretmen gozlemlenebilseydi, AYBEP nin daha gergekei bir
degerlendirilmesi yapilabilirdi. Ikinci smirlilik ise gézlem yapilan konu ile ilgilidir. Bu ¢alisma
kapsaminda egitim alan O0gretmen yalnizca tek bir smif seviyesinde tek bir konunun 6gretimi
baglaminda gdzlemlenmistir. Ogretmenin farkli sinif seviyelerinde ve farkli konu alanlarinda

gozlemlenmesi AYBEP nin daha gergek¢i degerlendirilmesini saglayabilirdi.

Calismada 6grencilerin akil yiiriitme becerileri gelisimlerinin, 6gretmenlerin sinif i¢i davranislari
ve tercih ettikleri yontemler sonucu gergeklestigi 6n plana ¢ikmaktadir. Buradan hareketle sinif
ortaminda 6gretmen-0grenci arasindaki etkili bir iletisimin kurulmasi ve 6gretmenlerin 6grencileri
sabirla dinleme, diisiincelerini gerekcelendirmelerini isteme vb. davramiglari modellemeleri

Onerilebilir.

Etik Beyan: “Akil Yiiriitme Becerileri Egitim Programimin Degerlendirilmesine Yonelik Bir
Durum Caligmasi” baglikli calismanin yazim siirecinde bilimsel etik ve alint1 kurallarina uyulmus;
toplanan veriler iizerinde herhangi bir tahrifat yapilmamis ve veriler toplanmadan 6nce Dokuz
Eyliil Universitesi Egitim Bilimleri Enstitiisii Etik Kurulu’ndan etik izin alinmistir (11/10/2018,
Toplant: No: 09). Karsilagilacak tiim ihlallerde “Mehmet Akif Ersoy Universitesi Egitim Fakiiltesi
Dergisi Yayin Kurulunun” higbir sorumlulugunun olmadigini, tiim sorumlulugun Sorumlu Yazara
ait oldugunu ve bu caligmanin herhangi baska bir akademik yayin ortamina es zamanh
degerlendirme i¢in gonderilmemis oldugunu taahhiit ederim. Uygulama siirecinde, dgrencilerin
ailelerinden yazili izinler alinmis ve ayrica katilimci 6gretmen “Goniilli Katilimer Onam

Formunu doldurmustur.
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