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Abstract
In this study, it is aimed to adapt the Scientific Reasoning Scale (SRS) into Turkish. The translated form has been
provided to the students enrolled at different levels together with a form in which they were requested to present
what they have understood and the reason of their responses. It was seen that the explanations of students to
one item were inconsistent or insufficient, and an alternative item was added to the test. Investigations based on
PCA and CFA revealed that the psychometric properties of the test containing the alternative item were better.
Moderate and positive correlations were found between the SRS scores and the CCTDI and LCTSR scores.
The applications carried out before and after the course on scientific research methods carried out during a
term at the undergraduate level revealed that a significant increase in the SRS scores was achieved. It was seen
that there was significant difference between the scores of the students enrolled at undergraduate and graduate
levels. Average item difficulty was .40 and discrimination indices was .50 and over. As result, it is seen that SRS

could be used for measuring the scientific reasoning ability of the undergraduate students.
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People born with their potential to think and try to figure out by classifying what they
think about both themselves and the universe they live in. This is regarded as the basic
function of thinking. The tendency to think is the willingness of the individual to think
(Siegel, 1999); and thinking on the foundations of beliefs and their consequences is the best
one (Dewey, 1910). Thinking; is shaping those obtained by observation, experience, intuition
and reasoning (Ozden, 2011); it is the ability to compare, distinguish, combine, connect and
understand the forms (Tiirk Dil Kurumu [TDK], 2018). Thinking is conceptually defined
in various forms; but it is very difficult to reduce the expression because of its abstract
structure and depth. According to Ciiceloglu (2005), the systematic transformation of
mental representations in order to describe the actual or probable state of the world is called
thinking. Similarly, thinking is expressed as a systematic transformation of mental process
aimed at understanding the present situation (Holyoak & Morrison, 2004). And according
to Morgan (2013), thinking refers to symbolic mediation that fills the gap between the
stimulating situation and the behavior it demonstrates with the inner processes individual
possesses. Regarding these definitions, it is possible to explain the concept of thinking as the
form of active mental tendencies people need to understand the world.

Thinking is a natural and complex activity of our mind. People think to determine
the difference between facts and ideas, to criticize a thought or opinion, to create
useful questions that guide a research, to solve problems, and to use results in order
to predict hypotheses (such as analogical, mathematical, causal), to evaluate and see
multiple perspectives, to make decisions, to assess the validity of information sources
(McGuinness, 2005, Nessel & Graham, 2007). The human mind is active within the
scope what it takes from external world and what it needs. Thinking process consists
of logical processes called “reasoning, scientific thinking, problem solving, decision
making, critical thinking, creative thinking, reading comprehension and writing” and so
on (Beyer, 1988; Butterworth & Thwaites, 2013; Giines 2012; Lipman, 2003; Ozden,
2011). Reasoning is one of these thinking activities and it expresses a form of thinking
based on proof; and it can also be described as treating one of the both ideas as proving
the other one and reaching a conclusion (Ozlem, 2014). In other words, reasoning is a
human thought that supports the discovery of what is known, assumed, unknown, or
implied (Barbey & Barsalou, 2009). Reasoning skills require the reasons to be based on
logical consequences purified from emotions. In order for reasoning to be a subject of
logic, it is necessary for the propositions to follow the order of (i) proving/premise and
(i) proved/result (Ozlem, 2014). Logic is an indispensable tool of scientific thinking,
and epistemological perspectives try to confirm facts by establishing hypotheses that
reveal these facts detected by observing or experimenting. And all these actions are
accepted as a logical process (Ozlem, 2014; Yildirim, 2005).

Scientific thinking is a way of thinking that has been developed by considering
thought-specific constructs in any scientific context, content or problem, and by imposing
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intellectual standards on them. Scientific thinkers reveal vital scientific questions
and problems, formulate them clearly, collect and evaluate scientific data to interpret
the questions and problems that arise, test against relevant criteria and standards and
finally reach to well considered scientific results and solutions (Paul & Elder, 2014).
The information which is the product of the path of scientific thinking is information
that may change in the context of new events and data reflecting current time. In this
context, scientific thinking is a consistent and logical thinking function that the individual
implements in order to solve any problem (Stuessy, 1984) and it is a cognitive process
based on observations, including inductive laws, explanatory theories and hypothesis
testing (Bady, 1979; Schauble, 1996). Scientific thinking also involves various general
cognitive actions such as induction, deduction, analogical thinking, problem solving, and
causal reasoning (Dunbar & Fugelsang, 2004). Scientific reasoning, which is described
as the implementation of thinking about scientific knowledge, is also considered as a
perspective of general reasoning and it is argued that it can be developed through education
(Adey & Csapo, 2012; Hogan & Fisherkeller, 2005).

Kind and Osborne (2016) indicate that scientific reasoning has six types:
mathematical deduction, experimental evaluation, hypothetical modeling,
categorization and classification, probabilistic reasoning and history-based
evolutionary reasoning. Additionally, scientific reasoning means the cognitive
abilities expressed in five dimensions, namely; (i) the serial ordered reasoning, which
is the ability to sort data; (ii) the theoretical reasoning required to interpret the data;
(i11) functionality reasoning with the ability to analyze functional relationships; (iv)
manipulating variables which is the ability to control variables and (v) probabilistic
reasoning, which includes the ability to predict on the basis of data (Shofiyah, 2013
as cited in Novia & Riandi, 2017). With a similar classification, scientific reasoning
deals with basic reasoning skills that enable the research process to be successful;
including exploring a problem, formulating and testing hypotheses, controlling and
manipulating variables, observing and evaluating experimental consequences (Han,
2013; Zimmerman, 2007). All of these explanations make it possible to say that
scientific thinking, causality and general reasoning processes are the basis of scientific
reasoning. In this context, scientific reasoning can be explained as disciplining the
mind according to scientific research activities.

One of the most powerful features of science is to aim obtaining evidence and
present that evidence as scientific knowledge. Drummond and Fischhoff (2017) argue
that the ability to assess scientific evidence is necessary for most decisions to be made
in individual lives. They state that scientific evidence evaluation is related to scientific
reasoning skills and that scientific findings and innovations play an important role
in everyday life from the technologies used to the evidence presented in political
debate. Therefore, they have developed the Scientific Reasoning Scale (SRS) using an
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interdisciplinary approach (cognitive development psychology, behavioral decision
making researches, philosophy) to measure individuals’ ability to evaluate scientific
findings. With this scale, the scientific reasoning ability can be measured by concepts
such as “blind / double blind experiments, causality, confounding variables, construct
validity, control group, ecological validity, history, maturation, random assignment
to conditions, reliability and response bias”, which are related with science and
scientific research processes. Literature review is conducted by using the expressions
of “reasoning”, “judgment” and “scientific process skills” and the measurement
tools that are being used in Turkey are examined. Those that could be accessed are
presented in Table 1 according to their various characteristics.

When Table 1 is examined, it appears that there are tools to measure the scientific
process skills, logical thinking and reasoning of the students at different levels
of education. Two different tests that measure the logical thinking skills (Aksu,
Berberoglu, & Paykoc, 1991; Sezen & Biilbiil, 2011) and a test that measures scientific
process skills (Karsli & Ayas, 2013), which are applied to students at undergraduate
level, are seen and both of them are not towards scientific reasoning skill. In other
words, a test for measuring undergraduate students’ scientific reasoning level could
not be detected, in Turkey. The absence of such a test was seen as a major deficiency
and it was aimed to adapt and determine the psychometric properties of the Scientific
Reasoning Scale (SRS) developed by Drummond and Fischhoff (2017) to Turkish.

Method

In this section, information on the steps followed during the process of adaptation
of SRS to Turkish and the determination of psychometric properties are provided. In
this context, processes for adaptation process, study groups, data collection tools and
data analysis are presented respectively.

Adaptation Procedure

In the adaptation process of SRS, initially, Caitlin Drummond was contacted and her
written consent was obtained. Then, the original form of the scale was translated into
Turkish by three lecturers from English Language Teaching and English Language
and Literature departments. These translations were comparatively examined by
the researchers and the expressions that were considered as most appropriate for
the items in the original form were gathered. During these examinations, changes
were made such as using “Turkey” instead of “America” and transferring “wrong
or right?” in item stems to the test instruction. The form obtained in this way was
provided with the original form to a different faculty member in the Department of
English Language and Literature who was not involved in the previous translation
group and was checked to see if it was appropriate.
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Turkish form was provided to a total of thirteen students at different levels; three
of them at undergraduate, six of them at graduate and four of them at doctoral degrees
along with an additional form requesting them to express what they understand from
each item and the reason of each response they provide. In addition, interviews were
conducted with three undergraduate students who did not take scientific research
methods course, four undergraduate students who were enrolled in this course and
five graduate students in order to examine the clarity of each item. As a result of
these examinations, it was determined that the eighth item was understood by the
participants in different ways. Some expressions regarding what students understand
from this item and the reason of their responses are indicated in Table 2.

Table 2

Sample Expressions for Item Eight in Preliminary Examination

Status in question Answer of student Reason provided by student

* As the experiment progresses, the blue False * Instead of flashing of blue dot,
dot should flash faster. something else should have been added

in second stage.

 As the experiment progresses, the blue False » Rapid flashing of the blue dot reveals

dot should flash faster. the need for individuals to make fast

and instant decisions. This will increase
the rate of mistake.

« Subjects are requested to push the True ¢ If the dot is flashing fast, the
button when the blue dot is flashing. participants may have made more
Participants make more mistakes as the mistakes. The speed of dot has affected
experiment progresses and the flashing the error rate.
speed has an impact on this.

* The response time of subjects to the False * Does the faster flashing of the blue dot
flashing of blue dot is investigated. mean that it appears briefly on the screen,

or does it mean that the time between
the two flashes is shortened? I am not
sure. Whatever it is, it cannot be correct
as the progress of experiment and the
acceleration of blue dot are irrelevant.

* They are requested to press the button False * The reason of making more mistakes
according to the blue dot on the might be related with the problems of
computer screen. subjects. It might be the faster flashing.

When Table 2 is examined, it is understood that students generally understand
the situation expressed in the item correctly but the reasons for their answers are
insufficient or not related to the given situation. It has been considered that this
problem in this item might occur again when implemented on larger groups and
therefore an alternative item is added to the test in order to measure the same
concept. These examinations and the Turkish form obtained after this addition were
provided to a specialist who did not take part in the previous translation stages and
the translation into English was conducted. The original form and the translated form
were examined by both researchers and Caitlin Drummond. Drummond proposed
partial correction for an item and stated that the added item could be substituted for
the other. Following these transactions, linguistic equivalence study is initiated.
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Study Groups

In the linguistic equivalence study, 35 lecturers who completed / attended graduate

education and worked at different universities were included. The reason for the
inclusion of this group in the linguistic equivalence study is the assumption that they
have a certain level English language knowledge to answer both forms and that they

Table 3
Distribution of Study Groups in Different Stages of Research According to University, Gender, Department
and Grade Levels
Stage? University and Department / Grade 1 2 3 4 Total
gender
Elementary science education - - 17 - 17
HKU: 239, Dokuz Elemeptary mathematics 31 65 3 99
Structural validiey  EY1l: 17, GAUN: - education
( r‘fz‘g‘;a VAIAY 56, Gu: 132, Early childhood education 24 - 129 - 153
n=
Female: 387, Male:  Primary school education 25 - 122 - 147
59 Turkish education - - 30 - 30
Total 49 31 363 3 446
Elemer}tary mathematics ) -0 7 17
education
HKU: 19, Dokuz Primary school mathematics - 12 - 1 13
Eylil: 18, Ege: 9, . .
CCTDI Early childhood education 8 - - 28 36
- GAUN: 12, GU: 147 . .
Criterion m=140) o e 170, Male: Psychological counseling and . 5 s6 6l
guidance
validity 35 . .
Primary school education 9 11 11 47 78
Total 17 23 26 139 205
LCTSR GU: 57, Ege: 8 Elementary science education - - 2 55 57
(n=65) Female: 52, Male: Primary school education - 8 - - 8
13 Total - 8 2 55 65
Elementary science education - - 16 - 16
) E(liemeptary mathematics 15 - 36 51
HKU: 55, Dokuz ~ cducation
c . ; Eyliil: 16, Ege: 9, Primary school education 7 10 25 - 42
gr%i‘;’:“s"“ © GAUN: 16, Gazi:  Early childhood education 2 - - - 12
(n=153) 25,GU: 35 Psychological counseling and ... »;
Female: 122, Male:  guidance -Graduate
34 Psychological counseling and
. e V)
guidance -Dr
Total 19 25 41 36 156
HKU: 41 . .
Pretest - Posttest Female: 37, Male: 4 Early childhood education - - 41 - 41
Primary school education - - 18 - 18
Test- retest HKU: 34 Psychologlcal counseling and ) ) - 16 16
Female: 34 guidance
Total - - 18 16 34
Grand Total 947

1 The numbers in parentheses indicate the number of people remaining after listwise deletion and removing

outliers

CCTDI: California Critical Thinking Disposition Inventory, LCTSR: Lawson's Classroom Test of Science

Reasoning

HKU: Hasan Kalyoncu University, GAUN: Gaziantep University, GU: Giresun University
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will not face any problems due to the fact that they are familiar with the concepts in
the test. Cohen, Manion, and Morrison (2007) describe the data collection process as
the appropriate sampling method, starting with the closest individuals, and including
the accessible and available individuals at the time of the study. Similarly, Fraenkel,
Wallen, and Hyun (2012) refer to the appropriate sample as the group of individuals
eligible for research. The characteristics of the group studied on should be explained
in detail and the research should be repeated on similar samples. Education faculty
students included in this study were determined by appropriate sampling method
and in the stages where the psychometric properties of SRS were examined, it was
attempted to include different student groups as much as possible. Information on the
study groups involved in these stages is given in Table 3.

As seen in Table 3, a total of 947 students were accessed, including 802 female and 145
male students studying at six different universities at different stages of their education.

Data Collection Tools

Scientific Reasoning Scale (SRS). The Scientific Reasoning Scale developed by
Drummond and Fischhoff (2017) is the product of a comprehensive study conducted
under a program supported by the National Science Foundation. It was developed
specifically to determine whether individuals reject scientific evidence, or to what
extent they can discern the bias caused by a false or incomplete presentation of a
finding and SRS basically measures the ability to evaluate the quality of scientific
evidence. Respondents are required to read the phrases on the scenarios prepared
in the topics of blind / double-blind experimental studies, causality, confounding
variables, construct validity, control group, ecological validity, history, maturation,
random assignment to experimental conditions, reliability and response bias and they
are asked to indicate whether it is true or false.

The final form of SRS was obtained as a result of different stages in which
quantitative and qualitative examinations were carried out with a cyclical approach.
In the first stage of data collection, 401 subjects ranging in ages of 18 -55, 20 items
including attrition, measurement error and statistical power etc. were applied.

Correlations with Cognitive Reflection Test scores was .36; with numeracy measure
was .28; for two different scientific literacy tests (TFKSS and USIS) were for .39 and .36,
respectively and for those with undergraduate degrees, and for the number of science
classes taken was .29 and significant (p < .01). SRS scores showing a relatively weak
correlation with age (r=.14) and do not differ according to gender. Weak or insignificant
correlations have been achieved with beliefs about global warming, vaccinations, and
genetically modified foods, big bang and human evolution.
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The factor loadings of the items in SRS which have a single factor structure
are between .39 and .63; and their discriminations range from .43 to .55. The item
difficulties calculated according to different studies are between .35 - .76 and .45 -
.77. Confirmatory factor analysis results for the one-factor model indicate that data-
model fit is approved (}2/sd = 3.09, RMSEA = .08, SRMR = .05, CFI = .90). The
internal consistency coefficient of the test is .71.

It has been taken into consideration that the logic is one of the tools of scientific
thinking (Ozlem, 2014; Yildirim, 2005) and that the individual’s analysis,
interpretation, questioning, explanation, evaluation and reflection of his own
reasoning processes are in the center of critical thinking (Facione, 1990). It is
considered appropriate to include the CCTDI and LCTSR in the examination of the
criterion related validity of SRS.

California Critical Thinking Disposition Inventory (CCTDI). In the original
form of the CCTDI, which emerged as a result of the Delphi project organized by
the American Philosophical Society, there are 73 items under seven factors. The
adaptation of the scale to Turkish has been carried out by Kokdemir (2003). As a
result of the adaptation study, a single total score can be calculated from the scale
consisting of six factors, namely analyticity, open-mindedness, inquisitiveness, self-
confidence, truth seeking and systematicity, which are not very different from the
original scale and reaching the 51-item form. It is stated that the total score from the
CCTDI can also be used for the validity of educational programs designed to improve
the tendency of critical thinking or skill (Kokdemir, 2003). The scale contains six
response categories ranging from “Totally disagree” to “Totally agree”. According
to the exploratory factor analysis results, the factor loadings of the items ranged
from .32 to .74. Six factors account for 36.13% of the total variance, and the item
discriminations ranged from .20 to .50. The Cronbach a coefficients are between
.61 and .78 for six factors and .88 for the whole scale. In this study, total scores of
the CCTDI were used to examine criterion-related validity of SRS and Cronbach o
coefficient for the whole scale is .67.

Lawson’s Classroom Test of Science Reasoning (LCTSR). The test, which was
developed by Lawson (1978) on the basis of cognitive development theory and then
revised by Lawson et al. (2000), was adapted to Turkish by Yiiziiak (2012). LCTSR
consists of 24 multiple choice items that measure logical thinking and measure within
the context of conservation of mass and volume, proportional thinking, control of
variables, probabilistic thinking, correlational thinking, and hypothetical thinking
skills. The responses given to the item pairs are considered together when scoring.
In order to get one point from a question, the second question, which explains the
previous one needs to be answered correctly. In the adaptation study conducted by
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Yiiziiak (2012), it is stated that item difficulties vary between .16 - 1.00 and their
discriminations vary between .00 - .58. The relationship between the subscale scores
and the total score ranged from .20 to .63, and split half reliability was .72. The
adaptation study was conducted for the purpose of examining the criterion validity of
LCTSR which was carried out on high school students considering that SRS showed
similarity both in terms of content and scoring process. In this study, the internal
consistency of LCTSR calculated with the KR-20 formula is .55.

Data Analysis

The correlations of item scores between SRS’s original and Turkish forms were
examined with tetrachrotic and the total scores with the Pearson correlation coefficient.
Principal component analysis (PCA) and confirmatory factor analysis (CFA) were
performed in the scope of construct validity. Criterion - related validity with CCTDI
and LCTSR and test - retest reliability were investigated with Pearson correlation
coefficient. Undergraduate and graduate level students’ SRS scores were compared by
independent samples t test. The scores obtained from the applications of SRS at the
beginning of spring semester of 2017-2018 before and after attending to the course
of scientific research methods were compared with the t test for related samples. The
effect sizes were interpreted over .2, .5 and .8, respectively, for small, medium and wide
effect according to Cohen d (Biiyiikoztiirk, 2018). For the calculation of the internal
consistency coefficients, Cronbach a for the CCTDI and KR-20 for the LCTSR. The
discrimination of SRS items was examined by biserial correlation coefficient.

Prior to statistical analysis, we examined the rate and pattern of missing data,
whether there were outliers in the data sets, and whether there was a significant
violation of the normality of the distribution. In the datasets, missing data ratios were
between 0% - 0.8% showing missing completely at random pattern. Listwise deletion
was used and these rows were not included in the analyzes (Akbas, 2017). The rows
with standard scores standard beyond the range of [-3, + 3] has been discarded. The
significance level in analyzes was .05.

Findings

Findings Related to SRS’s Linguistic Equivalence

Within the scope of the linguistic equivalence study, a group of 35 people consisting
of the lecturers and research assistants working in different institutions were selected.
English and Turkish forms were applied with 12-15 days intervals. In this phase, 15
individuals have first taken the Turkish and then the English form, and 20 individuals
have first taken the English form and then the Turkish form. Correlation coefficients
calculated for each item pairs and the total scores are given in Table 4.
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Table 4
Correlation Coefficients Between the Items and the Total Scores of English and Turkish Forms
Item Correlation Item Correlation
1 .70 7 95
2 .90 8 1.00
3 72 9 .90
4 18 10 94
5 1.00 11 73
6 95 Total Score 91

In Table 4, it is seen that the correlation coefficients between item pairs in Turkish and
English forms are between .70 - 1.00. Regarding the translation process and the correlation
coefficients obtained, it is understood that the linguistic equivalent of SRS is approved.

Findings Related to SRS’s Factor Structure

Glingor (2016) states that PCA is used when there is no prior knowledge and CFA
is used when testing an existing theory (e.g. factor structure). PCA is appropriate for
the test development while CFA is appropriate for the adaptation process. Cokluk,
Sekercioglu, and Biiytikoztiirk (2014) indicate that CFA is an analysis in which a
previously defined and restricted structure is tested as a model. It is known that SRS
consists of a single factor (Drummond & Fischhoff, 2017). Nevertheless, PCA based
on the tetrachoric correlation matrix was carried out to investigate the changes in the
factor structure which came up from alternative item. So, two PCA’s and CFA’s were
performed, one for the test which includes original eighth item and one for the test
with the alternative of this item. PCA results are given at Table 5.

Table 5
Results of Principal Component Analysis for the Form Containing the Original Item and the Alternative
Item Factor loadings (Model 1) Factor loadings (Model 2)
1 .68 .67
2 .63 .63
3 .68 .68
4 .66 .64
5 53 .53
6 .58 59
7 .61 .61
8 .10 57
9 .57 .56
10 .57 .58
11 .60 .63
Eigenvalues® 3.71 (1.26) 4.04 (1.26)
1.14 (1.19) 1.04 (1.19)
1.02 (1.13)
Extracted variance 33.72 % 37.76 %
Bartlett 429.3 (p <.00) 496.6 (p <.00)
KMO .80 .82

B Eigenvalues given in parentheses were obtained by parallel analysis.
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In Table 5, Bartlett test of sphericity for both models were significant (p <.00) and
the KMO values are found to be .80 and .82, respectively. Comparing the eigenvalues
obtained for different data sets with the eigenvalues obtained by parallel analysis
(Watkins, 2000), it can be understood that one can speak of unidimensional structure
for both sets of data. The extracted variance model 1 is 33.72% while for model 2 it
is 37.76%. For model 1, the factor loading of the eighth item is .10, while the factor
loadings of the other items are in the range of .53 - .68. In model 2 all factor loadings
are in the range of .53 - .68. Two CFA’s were performed and path diagrams with
standard coefficients are given in Figure 1 and Figure 2.
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Chi-Square=141.14, df=44, P-valus=0.00000, RMSEA=0.070

Figure 1. Path diagram (Model 1). Figure 2. Path diagram (Model 2).

Figure 1 indicates that the factor loading of the eighth item is lower for model 1
(A=.13, p>.01) than the model 2 (A,=.34, p < .01). The fit indexes obtained for both
models and the recommendations according to the literature (Browne & Cudeck,
1993; Hu & Bentler, 1999; Kline, 2005) are given in Table 6.

Table 6

Model Fit Indexes Obtained as a CFA and Recommendations

Index Model 1 Model 2 Recommendation
¥*/sd 170.85/44=3.88 141.14/44=3.21 Perfect <3 < Good <5
RMSEA .08 .07 Perfect < .05 < Good < .08
GFI 93 95 Perfect <.95 < Good <.90
AGFI .90 .92 Perfect <.95 < Good < .90
CFI .93 95 Perfect < .95 < Good < .90
NFI 91 .93 Perfect <.95 < Good < .90
NNFI 91 94 Perfect < .95 < Good <.90
RMR .06 .05 Perfect < .05 < Good < .08
SRMR .06 .05 Perfect < .05 < Good < .08

When the values given in Table 6 are examined, it is seen that both models fit
and the values obtained for model 2 are better. The PCA and CFA results and the
difficulties in understanding the eighth item were taken into account together and the
following stages were carried out on the form containing the alternative item.

749



EDUCATIONAL SCIENCES: THEORY & PRACTICE

Findings Related to SRS’s Criterion Validity

The correlations between SRS scores and the CCTDI and LCTSR scores were
examined within the context of the criterion validity. As a result, correlation between
SRS and CCTDI total scores were .32 (p < .01); LCTSR total scores were .46 (p <
.01). Biiytikoztiirk (2018) suggests that the correlation coefficients between .30 - .70
can be interpreted as indicating a moderate relation. According to this, there is a
positive and moderate relation between the total scores of SRS and the total scores of
the CCTDI and LCTSR within the scope of criterion validity.

Comparison of Groups Trained at Undergraduate and Graduate Levels

SRS total scores were compared with independent samples t-test over the mean
scores of students studying at undergraduate and graduate level and results are given
at Table 7.

Table 7

T Test Results on the Comparison of SRS Mean Scores According to Education Level

Education Level N Mean Standard Deviation df t Cohen d
Undergraduate 169 5.36 1.64 202 3.67%* .68
Graduate 35 6.49 1.67

**p <.01.

Table 7 indicates that the mean of students at graduate level was significantly
higher than the mean of students at the undergraduate level (p <.01), and a moderate
effect size was observed (Cohen d = .68).

Although there are limitations about stating a control group, random assignment
to conditions and controlling for other variables, it is foreseen that scientific research
methods course carried out during a semester will lead to a significant increase in the
SRS scores. SRS was applied as pre-test in the first week and as post-test in the last week
during a scientific research methods course, in the spring term of 2017 — 2018. Scores
were compared by using independent samples t-test and the results are given in Table 8.

Table 8

T Test Results on SRS's Application Before and After Scientific Research Methods Course

Application N Mean Standard Deviation df t Cohen d
Pre-test (first week) 41 4.63 1.88 40 3.57** .56
Post-test (last week) 41 5.88 1.62

**p <.01.

In Table 8, it is seen that the mean of SRS scores is 4.63 before the course and 5.88
at the end of the course. Scores showed a significant increase in favor of the post-test
(» <.01) and a moderate effect size is apparent (Cohen d =.56). This finding supports
the prediction that the level of scientific reasoning will increase at the end of the
scientific research course.
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Reliability of SRS

SRS’s reliability is examined by test-retest, internal consistency (KR-20) and split-
half methods. The correlation coefficient between total scores obtained from SRS’s
14 - 21 day interval applications is .78, the KR-20 coefficient calculated based on the
data set in which the structure validity is examined is .70; split-half reliability is .68.

Item Analysis

Difficulty and discrimination indices of SRS items were calculated using the
dataset which DFA was performed are given in Table 9. As this study aimed to adapt
SRS to Turkish, items provided here are in Turkish. Original items can be reached in
Drummond and Fischhoff (2017).

Table 9

Item Statistics

Items? Difficulty Discrimination
1. Bir lezzet testinde arastirmaci, A markali kahveyi beyaz bantli kupaya, B markali 32 1

kahveyi ayni tip siyah banth kupaya koymustur. Laboratuvar asistani kupalari
katilimcilara verirken aragtirmact da katilimeilarim yiiz ifadelerini izler.
Laboratuvar asistan1 hangi kupada hangi kahvenin bulundugunu bilmemelidir.
(true)
. Bir aragtirmaci Tiirkiye’de daha genis ormanlik alana sahip bolgelerde nesli 31 .67
tilkenmekte olan hayvan sayisinin daha az oldugunu gérmistiir.
Bu veriler, Tiirkiye’de ormanlik alanlarm genisligini artirmanin nesli
tilkenmekte olan hayvan sayisini azaltacagini gostermektedir. (false)

(5]

3. Bir aragtirmaci deneklerin bir kismini yiiksek sesli radyo yaymi yapilan ve 34 .70
soguk bir odaya; bir kismini da radyo yayini yapilmayan sicak bir odaya koyar
ve verilen yap-bozu yapmalarini ister. Radyo yayini yapilmayan ve sicak
odadaki denekler yap-bozu daha hizli yaparlar.
Aragtirmaci, diger odadaki katilimcilarin yap-bozu daha yavas yapmalarmin
nedeninin radyo yayini olup olmadigini sdyleyemez (true)

4. Bir egitim arastirmacist matematikte yiiksek performans sergileyen 6grencilerin .30 .69
genel matematik yetenegini dlgmek istemektedir. Biitiin 6grenciler geometri
ve temel matematige giris derslerini almiglardir.
Aragtirmaci 6grencilerin genel matematik yetenegini geometri testi kullanarak
Slcebilir. (false)
. Iki aragtirmaci sivilce sorunu olan ergenler iizeirnde bir sivilce kreminin .52 .61
etkisini test etmektedir. Bu arastirmacilardan biri kremi galigsmaya katilan tim
ergenlere vermek istemektedir. Digeri ise grubun bir yarisina sivilce kremini
uygularken diger yarisina igerisinde sivilce onleyici madde olmayan bir baska
krem uygulamayi istemektedir.
Her iki yontem de kremi test etmede esit derecede etkilidir. (false)

(2]

(=)

. Bir arastirmaci bir grup denege rekabete dayali bir oyun oynatacaktir. Her .53 .65
denegin amaci jeton alip satarak para kazanmaktir. Deneklere bu deneye
katilmalar1 karsiliginda sabit bir iicret 6denmektedir.
Aragtirmact deneydeki davraniglarin gergek hayatta alim satim davranigmi
yansittigini giivenle soyleyebilir. (false)

=2

. Rastgele secilmis bir grup bireyin A hastalig1 hakkindaki goriisleri, hastalikla 48 57
ilgili yapilan alt1 aylik bir medya kampanyasindan 6nce ve bu kampanyadan
sonar alinmistir. Anket sonuglarina gore, katilimcilarin hastalik hakkindaki
bilgisi medya kampanyasindan sonra artmistir.
Kampanya, hastalik hakkindaki bilgileri arttirmamus olabilir. (7ue)
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Table 9

Item Statistics

Items? Difficulty Discrimination
8. Bir hastanenin ¢ocuk hastaliklar1 boliimiine astim sikayeti ile gelen ¢ocuklara 44 .50

Ozel bir tedavi programi uygulanmaktadir. Bu programin uygulandigi
¢ocuklarin, ilerleyen zamanlarda benzer sikayetlerle bu servise tekrar gelme
sikliklarinda azalma goriilmustiir.
Uygulanan 6zel tedavi yontemi astim hastalig1 {izerinde iyilestirici etkiye
sahiptir. (false)
9. Arasgtirmacilar bir beslenme programinin ¢ocuklarin kilo vermesine yardime1 .50 .68
olup olmadigint 6grenmek istemektedirler. Cocuklar deney ve control grubu
olarak ikiye ayrilirlar.
Arastirmacilar fazla kilolu ¢ocuklar1 deney grubuna koymalidirlar. (false)

10. Bir aragtirmaci sivilardaki yiizey gerilimini 6lgmek igin yeni bir metot .39 .62
gelistirir. Bu metot eski metota gore daha tutarlidir.
Bu durum, yeni metodun eskisine gore daha isabetli sonuglar verdigi anlamina
gelir. (false)
11. iki aragtirmaci, tiiketicilerin miisteri hizmetlerinden duyduklart memnuniyeti .30 .61
6lgmek icin birer anket gelistirir. Arastirmacilar miisterilerinden, bes dereceli
bir 6lgek tizerinde “Misteri hizmetlerinden memnunum” ifadesine katilma
derecelerini belirtmelerini ister. A aragtirmacist dereceleri 1: Kesinlikle
katiltyorum” ve 5: “Kesinlikle katilmiyorum” seklinde; B arastirmacisi ise
1: “Memnun olmadigimi séyleyemem” ve 5: “Son derece memnuniyetsizim”
seklinde belirler.
Bu dereceler tiiketicilerin miisteri hizmetlerinden duydugu memnuniyeti
6lgmede birbirine esdegerdir. (false)

¢ Correct answers are indicated in parentheses.

Table 9 indicates that item difficulties are between .30 and .53; while the
discriminations vary between .50 and .71. Average difficulty of items is .40 and
average discrimination is .64 According to this, SRS can be defined as a test with
moderate difficulty and high discrimination.

Conclusion and Discussion

In this study, SRS, which is developed by Drummond and Fischhoft (2017) is adapted
to Turkish. According to investigations conducted for the linguistic equivalence, it was
determined that the eighth item related to the concept of maturation for the experimental
researches was not sufficiently understood and a new item was added to the test instead
of it. The high correlations between item pairs and total scores in Turkish and English
forms have shown that linguistic equivalence is provided.

The results of PCA and CFA indicated that SRS had a single factor structure. This
single factor accounts for approximately 38% of the variance. Biiyiikoztiirk (2018) states
that the extracted variance ratio of 30% or more by a single-factor may be sufficient.
Accordingly, it can be said that the rate of variance extracted by SRS is sufficient.
Moderate and positive correlations with LCTSR and CCTDI total scores within the
scope of the criterion validity, supports the conceptual relationship between scientific
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reasoning and logical thinking and critical thinking. Comparing the undergraduate
students with graduate students in terms of SRS scores; the scores after taking scientific
research methods course is higher than the scores before this course.

For the tests used in education and psychology, it is recommended that the
reliability should be at least .70 (Nunnaly, 1978). Internal consistency coefficients
for LCTSR and CCTDI, which are included in the criterion-related validity, were not
at the expected level (.55 and .67 respectively) In the study which LCTSR adapted
to Turkish by Yiiziiak (2012) split half reliability of test was .67. And it was reported
that internal consistency coefficients for the dimensions and whole scale of CCTDI
changed between .61 - .88 (Kokdemir, 2003). It is considered that the reliability
coefficients obtained for these scales applied to smaller groups according to the
mentioned adaptation studies are acceptable.

Reliability coefficients obtained by different methods for SRS were found to vary
between .68 and .78. It can be said that these reliability values are acceptable when
it is taken into consideration that some items in SRS have low item difficulty indices
(i.e. p,=31, p,=30 and p =30). KR-20 coefficient is calculated based on item
difficulties (Baykul, 2000). Because, the contribution of these items to the observed
score variance is relatively low.

One test to measure the logical thinking ability of undergraduate students in Turkey
based on Piaget’s theory of cognitive development is Group Assessment of Logical
Thinking (GALT). In this test consevation, length/volume, proportional reasoning,
controlling variables, combinatorial reasoning, probabilistic reasoning, correlational
reasoning are measured (Aksu et al., 1990). Another test is the Logical Thinking Test
(LTT) developed by Sezen and Biilbiil (2011). This test measures the ability to defining
and controlling variables, associating, calculating probability, interpreting graphics,
transforming numerical expressions into graphs. Test of Scientific Process Skills in
Multiple Format (TSPMF) is developed by Karsli and Ayas (2013) and allows measuring
such traits as observing, measuring, classifying, predicting and manipulating variables.
These tests, while not covering scientific reasoning skills also have limitations in terms
of the applicable groups. For example, LTT can be applied to students who are studying
in undergraduate programs of mathematics education, while TSPMF can be applied to
students who are studying in undergraduate programs of elementary science education.
SRS offers measurements of blind/double-blind experiments, causality, confounding
variables, construct validity, control group, ecological validity, history, maturation,
random assignment to conditions, reliability, response bias, and is separated from these
tests in terms of its applicability to various programs of the education faculties.

It can be argued that SRS, which consists of true / false is objectively scored and
practical as it takes about ten minutes to answer. Wooley et al. (2018) point out that
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the students of the undergraduate level can have trouble following the scientific
reasoning process, while Kuhn, Ramsey, and Arvidsson (2015) state that the
scientific thinking skill increases with the level of education. The fact that the SRS
scores of the students who are studying at the graduate level are significantly higher
than those of the undergraduate students is in agreement with the findings of these
researches. When the findings are evaluated as a whole, it can be said that SRS has
suitable psychometric properties to be used in the researches that aim to determine
the scientific reasoning skills of undergraduate and graduate students.

SRS provides information on eleven different concepts such as causality, confounding
variable, and reaction bias. In the development process, some items that measure concepts
such as attrition, measurement error, selection bias, statistical power have been excluded
because of a variety of reasons i.e. low factor loading or misunderstanding (Drummond
& Fischhoff, 2017). In other words, SRS does not contain some components that may
be included in scientific reasoning. Depending on this situation, a reasoning test that
measures these concepts is needed as a complement to SRS.
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