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Investigating the Impact of Missing Data Handling Methods on the Detection
of Differential Item Functioning
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Hiiseyin Selvi "', Devrim Ozdemir Alicr™

!Mersin University, Medical Faculty, Medical Education Department, Turkey
2Mersin University, Faculty of Education, Department of Measurement and Evaluation in Education, Turkey

Abstract: In this study, it is aimed to investigate the impact of different missing ARTICLE HISTORY
data handling methods on the detection of Differential Item Functioning Received: 31 March 2017
methods (Mantel Haenszel and Standardization methods based on Classical o
Test Theory and Likelihood Ratio Test method based on Item Response Revised: 30 June 2017
Theory). In this regard, on the data acquired from 1046 candidates who entered Accepted: 23 July 2017
to Foreign National Student Exam (FNSE) held in year 2016 by Mersin

University (MEU) and answered Basic Skills subtest, using different missing

data handling methods, differential item functioning analyses with Mantel KEYWORDS

Haenszel, Standardization and Likelihood Ratio Test methods are performed. Differential Item Functioning

Basic Skills test consists of 80 multiple choice items. The items are all binary DIF: Test and ltem Bias
scored (1-0) items. Among the participants 523 are female and 523 are male. Miséing Values: Imputatior;
The findings showed that the number of items flagged as DIF has changed with of Missing Data; Mantel
the used missing data handling methods. The DIF detection methods based on Haenszel: Likelihood Ratio

Classical Test Theory are more consistent within themselves compared to DIF Test
detection method based on Item Response Theory, whereas the used missing

data handling methods differentiate the DIF detected items and this difference

reaches a significant level for Mantel Haenszel method

1. INTRODUCTION

Even if the reliability of the measurements acquired with a measurement tool is investigated
with different method, in some cases where the desired quality (latent trait) to be measured is
mixed with other qualities, the individuals in different subgroups can be affected systematically
from this situation. In the current literature it is named as “bias” and causes negative effect on
validity due to the definition, and it decreases somehow the reliability.

This study was presented as an oral presentation at 2016 international 5. Measurement and Evaluation
Conference at Antalya.
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Bias that occurs as a systematic variation source and affects the validity is defined as “the
difference between the probabilities of correct answer of the individual within different subgroups
with the same ability level (Angoff, 1993).

From this definition, in the studies regarding the determination of the bias initially, it is
understood that it is necessary to match the individuals in different subgroups regarding the ability
levels and to examine statistically the item parameters of these individuals. This situation is defined
as the examination of whether there is Differential Item Function (DIF) in the items or not.

It is required that the items with detected DIF should be checked by the experts and whether
the DIF is due to another source rather than the desired measured quality shall be investigated. In
cases that the DIF is detected to be caused by another source than the desired measured quality, it
can be convinced of that the related item(s) is/are biased (Camilli & Shepard, 1994; Zumbo, 1999).

In order to provide validity of the items detected biased, it can be said that it is proper for
them to be revised in possible cases, and in impossible cases to be removed completely from the
test. In fact, in the literature it is described that one of the important threats that affect the
objectivity and validity of the measurement tools is the bias (Kristanjansonn, Aylesworth,
McDowell & Zumbo, 2005).

Bias, besides decreases the validity, presents a preventable structure as a systematic variation
source. Thus, scientists have developed significantly extensive methods regarding the detection of
DIF. As examples of some frequently used ones of these methods Standardization (SPD-X),
Mantel-Haenszel (M-H), Logistic Regression (LR) and Likelihood Ratio Test (LRT) methods can
be given (Angoff, 1993; Camilli&Shepard, 1994; Osterlind, 1983).

However, it is possible to say that nearly all of these frequently used methods and other
methods have different weaknesses and strengths and many methods are developed to fix weakness
of each. Hence, in DIF detection there are many different distresses like in methods acting over
item difficulty (pj) index, ‘pj’ values are affected from the average group differences and item
discrimination index (rjx). In methods based on variance analysis, variance to be affected from pj
and rjx values, in methods based on correlation, ‘rjx’ is able to be able to process in similar ways
for the groups and even if the ‘pj’ differs, in this case to increase correlation coefficient, the correct
response likelihood of the item to operate in favor of the same group for all ability levels and non-
uniform DIF situation to arise etc. (Selvi, 2013).

In addition to these in the literature, studies are showing the different DIF detection methods
also being affected from many variables like number-ratio of items with DIF, test length, DIF
level, sample size, DIF structure in items, and item scoring method etc. (Camili & Shepard, 1994;
Gelin & Zumbo, 2003; Gierl, Jodoin & Ackerman, 2000; Narayanan & Swaminathan, 1994;
Osterlind, 1983; Padilla, Hidalgo, Benitez & Gomez-Benito, 2012; Selvi, 2013).

Another variable that can change the findings acquired by the DIF detection methods is
thought to be the problem of missing data. Hence, many statistical methods used today based on
complete data matrix and missing data rate being increased may cause these methods to give
erroneous results (Bernhard, Celia & Caotes, 1998; Molenberghs & Kenward, 2007; Woodward,
Smith & Tunsatall-Pedoe, 1991).

Similarly, in the literature, including M-H, LR, SIBTEST, it is said that many DIF detection
methods are not capable of handling missing data (Banks, 2015). Missing data can be formed in
cases like, for a performance test not reaching the item due to time limitations, accidentally
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omitting the item or leaving it empty due to not knowing the right answer (Banks, 2015); for a
scale, accidentally omitting the related item or refusal to answer due to personal reasons. In other
words, and in the most general sense, the missing data can be considered as an information loss
(Alpar, 2011).

Missing data may lead to problems like decrease of the power of the used statistical analyses,
faulty estimate of standard error, increase in Type | error rate, not being able to estimate in quality
the closed properties based on observation (Hohensinn & Kubinger, 2011; Molenberghs &
Kenward, 2007). Thus, many studies have been done in line with the resolution of the missing data
problem in time and many different methods have been developed.

Regarding the proper method to be chosen, primarily the pattern and the mechanism of the
missing data should be understood. For this aim the issues like whether the missing data is
distributed over the observations randomly, whether they have a specific pattern, how much
missing data there is (how frequently it occurs) etc. are investigated. In other words, it is researched
whether there is a case leading to missing data process in the data or not is researched (Alpar,
2011). In the literature regarding this process, it is mentioned that researchers acting carefully in
data collecting presents an opportunity in observing the reasons and increasing the quality of the
possible missing data (Pigott, 2001).

On the other hand, the researchers in general act in tendency to prove the assumption that
the missing data does not make a significant difference on the study findings and can perform
listwise deletion of the missing data with the assumption that it is missing at random (MAR)
without investigating whether it is negligible or not (Alison, 2002; Groves, 2006).

In ignoring the missing data problem (un)consciously, it is thought that conditions like the
researcher not having sufficient knowledge on the field of missing data problem, in scoring of the
measuring tools where the maximum performance are measured (especially in optic reader usage)
1 point to correct answered items and O points to be assigned to the incorrect, left empty or different
marking done items thus the missing data being removed by zero imputation method somehow
without examination, in some statistical software the missing data to be removed by a default
method automatically etc. are in play. This condition is specially emphasized in a study done by
Demir & Parlak (2012). In the related study 405 researches conducted in Turkey universe and
containing statistical analysis process are examined and in 40% of these studies, despite containing
different analysis methods like standard error, mean, variance, covariance, correlation, t and F
statistic, reliability and validity coefficients, factor analysis, regression analysis, structural
equation modelling analyses, it is indicated that there was no explanation/proof seen regarding
whether the data set on which the analyses are conducted had missing data or not. Listwise deletion
and zero imputation make the resolution of the problem fairly ease in cases that the missing data
is really formed as missing at random. However, any method to be used before the quality of the
missing data is understood also consists of the possibility that the study findings are faulty.

Rubin (1976) defined three possible conditions regarding the understanding of the quality of
the missing data (Missing Data Mechanism). These define cases in which the missing data is
formed as missing completely random, MCAR, missing at random, MAR, and missing at non-
random, MNAR. MCAR explains the situations that the probability of a value regarding x variable
to be a missing data is not related to x variable itself or any value regarding another variable in the
data set (Alison, 2002). In other words, MCAR explains the cases where there are no justified
explanations is made regarding the formation of the missing data and the formation of the missing
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data is referenced to randomization (Peng & Zhu, 2008). When the condition is looked at from
DIF angle, Banks (2015) says that the MCAR missing data formation is realized in general when
the related item is left empty both by the focus and the reference groups accidently.

MAR expresses the cases where the probability of a value regarding x variable to be a
missing data is not related to x variable itself when the other variables in the data set are fixed
(Alison, 2002). In other words, MAR is the cases in which the probability of missing data
formation in the certain item is related to the observed data systematically. In the perspective of
DIF definition, this situation is explained as for a test includes 30 items, the probability of the DIF
analyzed items without any response (empty items) is dependent on which group that the
individuals are in (focus, reference) or their performances in 2nd - 29th items (Peng & Zhu, 2008).

MNAR is the cases where the probability of a value regarding x variable to be a missing data
is related to x variable itself. In other words, MNAR explains the cases where the probability of
individuals to leave the item empty depends on the performances of individuals on the related item,
item being left empty as it is faulty etc. (Peng & Zhu, 2008). Alison (2002), based on the definitions
Rubin (1976) made regarding the quality of the missing data, classified the missing data simply as
ignorable and nonignorable. In order for the missing data to be ignored, Alison said that it should
be in MAR or MCAR and a missing data in MNAR cannot be ignored. Here, by the ignorable term
means the case where extra modelling of missing data is not needed for the analyses to be made.

In the literature search regarding the missing data problem, there are many studies suggesting
a resolution of this problem and many different methods have been developed. These methods in
general are classified within as methods based on deletion and value assignment (Alpar, 2011;
Demir, 2013; Alison, 2002; Little & Rubin, 1987). Among methods based on deletion; listwise
deletion and analysis wise deletion, among methods based on value assignment (simple); zero
imputation, mean substitution, assigning mean of nearby points, assigning median of nearby points
and regression imputation methods are used frequently in the literature (Banks, 2015; Little &
Rupin, 1987; Alison, 2002; Alpar, 2011).

In listwise deletion method; the observations containing one or more missing data are
removed from the data.

In analysiswise deletion method; observation(s) or variables with missing data are removed
from the analysis if only they are to be analyzed.

As seen, deletion methods appear as fairly simple approaches regarding the resolution of the
missing data problem. However, removing the missing data from the observation via deletion
methods can cause serious decrease in observation numbers and a sample deemed sufficient can
turn into a sample with insufficient numbers. Moreover, methods based on deletion can decrease
the stability of the calculated statistics, can place the validity and generalizability of the study to
distress (Alpar, 2011). In addition to this, for methods based on deletion to be used, the assumption
of missing data being in MCAR should be met (Alison, 2002; Alpar, 2011).

In methods based on value assignment, new values are assigned to the missing values based
on specific assumptions and rules. In assigning these values (except zero imputation method) the
other values or variables in the data set are considered.

In zero imputation method, omitted item is considered as ‘wrong’ or in most general state
‘zero’ points are assigned to this value. However, as this condition leads to biased parameter
estimates and faulty hypothesis results, in Item Response Theory (IRT) and DIF studies it is
especially not recommended (Banks & Walker, 2006; Lord, 1974).
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In mean imputation method, empty value(s) is/are filled via taking the average of the values
given by other individuals to the related item as serial mean imputation, via taking the average of
the values given to other items by the individual as unit’s mean imputation, via taking mean of
nearby points, via taking median of nearby points etc. However, this condition too, can cause bias
addition to many analysis results including variance-covariance estimates and parameter estimates
(Little & Rupin, 1987). Similarly, for these assignment methods to be used the assumption of
missing data being in MCAR should be met (Alpar, 2011).

The regression imputation method; is based on estimation operations realized by taking the
regressed variable as the variable with missing value(s) and other variable(s) as regressing
variables. However, in this method, as it starts upon relations between other variables, the already
present relation in the data can be strengthened more as the result of the assignment thus lead to
being biased. In addition, the value obtained as the result of estimation can exceed the score range
of the missing data. In order to use the regression imputation methods, the missing data being in
MCAR should again be met (Alpar, 2011).

The methods based on deletion and value assignment appear as frequently used method in
resolution of the missing data problem. However, it is known that these methods also bring up
many restrictions. These restrictions, whereas, drove the researchers to develop new methods.

Among the methods suggested in this regard, the multiple imputation method suggesting
estimation of the missing data via using two or more methods together and Expected-Maximization
method based on maximum likelihood shine out are mentioned (Alison, 2002; Alpar, 2011; Demir,
2013; Little & Rubin, 1987). The most important advantage of these methods compared to methods
based on deletion and simple value assignment is that they can also be used in cases where the
missing data is in MAR (Alison, 2002; Alpar, 2011).

When the studies performed in literature regarding the missing data problem and used
methods are examined; it is suggested that in cases that may cause serious reduction in data set or
bias listwise deletion shall not be used (Graham, 2009). As it increases Type | error rate the zero
imputation method shall be avoided if possible (Banks & Walker, 2006; Banks, 2015; Robitzsch
& Rupp, 2009). The method with Type | error rate that is similar to the complete data set shall be
preferred (Banks & Walker, 2006; Finch, 2011) and especially in DIF studies the missing data
problem shall not be ignored (Banks, 2015). Besides; it is expressed that sample size and DIF level
in items being increased, the performance of analysiswise deletion methods instead of listwise
deletion and zero imputation methods, increase the rate of accurately determined items with DIF.
It is shown that item to grow difficult and missing data rate to be increased decreases as well
(Banks & Walker, 2006; Emenogu, Falenchuck & Childs, 2010; Finch, 2011; Garrett, 2009).

On the other hand, the most efficient solution in missing data problem can be shown as with
precautions like being careful yet on the data gathering stage, training individual given the task of
data gathering, the missing data not to be present or be in ignorable quality and level (Alison, 2002;
Little & Rubin, 1987). In this regard, there are different suggestions in literature regarding the
ignorable missing data ratio. Schafer (1999) said that this rate should be below 5%, Bennett (2001)
10%, Peng, Harwell, Liou & Ehman (2006) 20% and otherwise it should be considered that the
findings acquired from the study may be biased.

The missing data problem and DIF are still seen important problem and research studies on
these topics are ongoing. In the literature there are many extensive studies regarding the detection
of the lacking and powerful points of the missing data approaches and DIF detection methods.
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However, it is observed that nearly all of these studies were performed over data sets acquired by
simulation method (e.g., Banks & Walker, 2006; Banks, 2015; Emenogu, Falenchuck & Childs,
2010; Falenchuck & Herbert, 2009; Finch, 2011; Garrett, 2009; Hohensinn & Kubinger, 2011;
Pigott, 2001; Robitzsch & Rupp, 2009; Rousseau, Bertrand & Boiteau, 2006; Sedivy, Zhang &
Traxel, 2006). And it is observed that nearly all of these studies were performed over frequently
used DIF detection methods like, Standardization, SIBTEST, Linear Logistic Regression and
Likelihood Ratio Test (e.g., Banks, 2015; Finch, 2011; Robitzsch & Rupp, 2009; Wu, Lee &
Zumbo, 2007). A study which includes the Classical Test Theory (CTT) and Item Response
Theory (IRT) based DIF detection methods, a non-simulative data set and expected maximization
and regression imputation methods at the same time is not seen.

In the literature, regarding the studies conducted on simulation technique, it is expressed that
being aware of the situation that these studies cannot present enough proof that the actual results
shall be found and cannot guarantee the accuracy of the results to be found and thus it is imperative
to be sure exactly that all the analytic and experimental options that can be used in solving the
problem would not be usable before these studies are performed and finally they should be used
as last resort (Harwell, Stone, Hsu & Kirisci, 1996).

Thus in this study, the answer of the question “How are the performances of expectation
maximization and regression imputation methods for handling with missing data on detecting DIF
methods based on CTT and IRT is sought.

2. METHOD

In this study, over the complete data matrix obtained by using different missing data
methods, the investigation of operation of DIF detection methods based on different theories in
regard to gender variable is aimed for. Thus it can be said that the type of this study is basic
research (Kothari, 2004; Royce, Straits & Straits, 1993; Singh, 2006).

Data acquired from 1046 candidates who attended to the Foreign National Student Exam
(FNSE) conducted by Mersin University (MEU) in year 2016 and answered Basic Learning Skills
subtest.

Some descriptive information related to the participants is given in Table 1.

Table 1. Descriptive values regarding the participating group

Foreign National Turkish National — Total

Female 448 (50.1%) 75 (49.3%) 523 (50%)
Male 446 (49.9%) 77 (50.7%) 523 (50%)
Total 894 (100%) 152 (100%) 1046 (100%)

2.1. Instrument

FNSE consists of two subtests as Basic Skills Test and a Language Test and is applied to
high school graduates in Turkey and specific centers around the world every year for granting
them undergraduate education in MEU. Candidates are ranked according to the scores they
achieved in this exam and regarding specific quotas, are placed to programs they chose. In
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development of the tests, all works are planned and realized by the Measurement and Evaluation
Application and Research Centre of the university. The Basic Skills subtest was used as data
collecting tool in this study is scored in binary (0-1), multiple-choice and consists of 80 items with
5 choices and the reliability (KR 20) of the acquired scores is calculated as 0.95.

2.2. Data Analysis

DIF analyses was done via M-H, Standardization and LRT methods. M-H, and
Standardization methods do not contain the assumptions which of the parametric techniques
should be faced. However, as LRT is one of the methods based on IRT the data should meet the
unidimensionality and local independence that are basic assumptions of IRT (Embretson & Reise,
2000; Hambletton & Swaminathan, 1985). Thus, in the first stage of the data analysis whether
these assumptions were checked.

In this regard, the unidimensionality that is one of the basic assumption of the IRT, is
investigated utilizing the principal components analysis based on intra-item tetrachoric correlation
matrix and the data is observed to be unidimensional from the acquired results regarding the local
independence, in the literature it is said that this assumption is linked to the unidimensionality and
a data that is seen to be unidimensional meets also the local independence (Lord, 1980: 19;
Hambletton & Swaminathan, 1985: 25). Based on these it is deemed that the study data also meets
the local independence.

In the second stage of the data analysis, in order the analysis based on Item Response Theory
to be done, model-data fit was examined. Because the likelihood ratio test, which is one of the DIF
methods used in this research based on IRT and the DIF analysis software (IRT-LR-DIF) requires
the selection of the model. The -2 log likelihood value of the data obtained for the two parameter
logistic model is calculated as 71207,78. As this statistic showing 42 distribution is very sensitive
to sample size and in big sample sizes model-data fit cannot be provided for nearly all models; for
evaluation of the model data fit -2 log likelihood / (S-1) — 2n(r-1) < 3.00 condition is considered.
Here S’ shows response pattern number, n number of items, r number of response category The
possible response pattern of this study dependent on the item number and response category
number is 5%°. Bock (1997) indicates that all values meeting the ‘2 log likelihood / (S-1) — 2n(r-
1) <3.00’ condition are sufficient for model data fit (Gézen Citak, 2007). Based on these findings
it can be said that the data is fit to the 2 parameter logistic model.

In the third stage of the data analysis, in order to decide the pattern of the missing data Little’s
MCAR test was applied and it was observed that the data was not in MCAR (»2=22815.65,
p<0.05). In the fourth stage of data analysis, the missing values that are present in the raw data set
and whose ratios change in between 0.3% and 10%, due to the data not being in MCAR, are
removed by Expectation Maximization and Regression Imputation and DIF analyses are made on
complete data set by Mantel Haenszel, Standardization and Likelihood Ratio Test methods and
items showing DIF and number of items with DIF are determined.

Whether the number of items determined with different missing data methods and different
DIF detection methods show discrepancies is examined by Cohran’s Q and McNemar tests.
Cohran’s Q test is used for testing whether the number of items with DIF determined via Mantel
Haenszel, Standardization and Likelihood-Ratio Test for each missing data method, differentiate
from each other or not; and McNemar test is used if there is a significant difference found by
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Cohran’s Q test and in order to test whether the number of DIF included items according to the
used missing data method are significantly different from each other or not.

3. FINDINGS

In the scope of the study the DIF analyses performed on the complete data matrix obtained
by expectation maximization and regression imputation methods and the values obtained as the
result of these analyses are given in Table 2.

Table 2. Results of DIF analysis performed on complete data matrix obtained by expectation maximization
and regression imputation methods.

Expectation Maximization Regression Imputation
Focus-Ref. Focus-Ref. <
s Group Mean M-H Std. LRT Group Mean M-H Std. LRT 2 = % ’
Male Female MHZ* p SPD* G»* Male Female MHZ p SPD* G2** 2 0@E
Iteml 0.9 087 367 005 -003 55 0.9 087 521 002 -003 6.6 1.0
ltem2 087 087 0.00 0.92 -001 0.1 086 087 009 075 0.00 010 1.3
ltem3 075 073 027 059 000 13 075 073 047 049 -001 16 1.9
ltem4 084 078 672 001 -005 118 083 078 701 0.00 -006 122 24

Item5 085 085 005 0.81 0.00 1.4 085 084 0.1 0.74 0.00 1.6 1.7

Item6 069 069 O 092 0 1.6 068 069 013 071 0.01 15 3.3
Item7 044 041 039 053 -0.02 1.9 045 042 025 061 -002 2 6.8
Item8 093 092 0 095 0 0.9 093 092 001 091 O 1.1 0.4
Item9 062 063 002 087 0 0.4 062 063 015 069 001 0.1 7.8

Item10 0.88 0.91 199 015 0.02 6.9 088 091 3.2 0.07 004 54 1.1

Item11 0.66 0.55 1981 0 -012 228 064 054 143 0 -0.10 179 5.3

Item12 054 05 176 018 -0.04 6.6 054 051 112 028 -0.02 5.2 3.5

Item13 081 0.85 115 028 0.02 34 081 0.85 122 026 002 45 1.6

Item14 055 053 045 049 -0.02 1.8 056 054 046 049 -001 15 5.3

Item15 091 089 017 0.67 -0.01 1.8 0.9 089 022 063 0 2 0.8
Item16 082 086 298 0.08 0.02 3.7 082 08 322 007 003 4 1.1
Item17 093 0.94 137 024 0.01 2.6 093 094 042 051 O 1.7 0.4
Item18 0.9 089 011 073 0 0.8 0.9 089 007 078 -0.01 05 0.7

Item19 091 092 067 041 0.01 2.8 092 093 023 062 002 26 0.3

Item20 093 095 439 0.03 004 26 093 094 204 015 0.02 22 0.5

Item21 027 025 0.3 058 -0.02 0.7 028 025 032 056 -0.02 0.2 2.2

Item22 075 076 009 075 001 O 075 075 001 09 O 0 3.0

Item23 066 063 21 0.14 -0.03 53 064 0.62 1.85 017 -0.03 35 6.8

Item24 082 076 594 0.01 -0.06 83 082 0.76 599 001 -006 71 1.2

ltem25 087 088 027 06 O 0.3 087 088 056 045 0.02 038 2.2
ltem26 069 063 399 004 -0.06 87 069 062 78 0 -0.07 113 37
Item27 087 086 053 056 0 6.8 087 086 088 034 -001 64 0.9
Item28 092 093 002 0838 0 0.5 092 093 014 070 0.01 05 0.9
Item29 0.9 0.9 0 093 0 1.9 0.9 0.9 048 048 -001 21 1.3
Item30 066 066 0.02 088 0 0.9 066 064 144 022 -003 138 5.9
ltem31 084 084 O 098 -001 0.7 084 084 O 093 0 15 1.9
ltem32 053 047 366 005 -005 103 053 046 391 004 -005 109 56
Item33 069 072 073 039 003 O 069 071 09 032 003 O 4.3
Item34 0.8 083 0.7 040 0.02 1 081 083 004 083 001 02 1.8
Item35 064 065 O 098 0 4.8 064 064 O 095 0 4.6 5.0
Item36 033 031 002 088 0 2.2 065 033 022 063 0 3.3 5.7
Item37 069 074 325 007 005 29 069 073 182 017 003 2 53

Item38 093 092 002 0838 0 57 093 092 012 072 -001 6.6 1.0
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Item39 063 063 004 083 0 0.3 063 063 0.2 064 -001 O 3.2
Item40 0.9 089 015 069 O 2.1 0.9 089 013 071 O 2.2 0.4
Item41l 0.7 0.7 0 095 0 0 0.7 0.7 0 09 0 0 1.2
Item42 088 0.9 056 045 0.02 1.5 088 0.9 0.76  0.38 0.01 15 0.8
Item43 075 075 004 082 0 0.7 075 075 O 09 0 0.6 1.8
Item44 0.8 0.73 10.78 0 -0.08 117 0.8 074 964 O -0.07 8.9 1.6
Item45 047 042 373 005 -0.05 9.9 048 043 4.1 0.03 -005 81 4.4
Item46 016 0.2 162 020 0.03 1.5 016 0.2 146 022 003 05 2.3
Item47 082 084 035 055 0 0 082 084 012 072 O 0.1 2.4
Item48 074 076 019 0.65 0.01 1.6 073 076 007 078 O 1.8 3.0
Item49 071 078 808 O 005 87 071 079 861 0 0.05 11.1 3.1
Item50 0.3 0.63 1.08 029 0.02 1.2 059 062 025 061 0.01 0.7 8.3
Item51 0.7 076 239 012 004 438 0.7 076 491 002 005 5 4.7
Item52 076 082 827 0 005 84 076 082 414 0.04 003 6.2 4.1
Item53 069 0.7 006 08 -001 16 069 069 032 057 -001 36 4.8
Item54 0.8 0.88 1006 0 0.05 191 038 0.87 101 0 0.05 174 23
Item55 0.63  0.62 135 024 -0.02 45 063 062 052 046 -001 37 6.6
Item56 0.67 0.71 143 023 002 34 067 071 202 015 0.03 32 4.5
Item57 056 0.61 1.76 0.18 0.03 2.9 056 0.6 163 020 0.03 29 6.6
Item58 072 074 008 077 0 2.5 072 074 002 087 O 15 3.8
Item59 055 061 3.78 0.05 0.04 4 054 0.6 474 002 0.06 57 6.9
Item60 0.39 0.25 1919 0 -0.12 287 039 0.26 158 0 -011 259 4.2
Item61 069 073 2.7 0.09 0.03 2.1 069 0.72 118 027 002 26 5.1
Item62 064 064 0.1 0.74 -0.02 3.7 063 063 007 078 -002 238 6.0
Item63 069 074 361 0.05 0.03 2.5 068 074 408 0.04 0.03 29 5.2
Item64 045 043 012 072 -0.01 45 047 045 024 070 -001 31 9.1
Item65 076 076 0 094 0 3.2 076 076 001 089 O 1 4.8
Item66 035 034 007 078 -001 04 037 03 016 068 -001 0.3 3.7
Item67 015 017 004 083 0 3.7 017 018 011 073 O 4 10.3
Item68 047 049 064 042 003 0.7 047 049 146 022 004 11 7.8
Item69 049 05 007 078 0 5.2 049 051 067 041 0.01 15 9.0
Item70 058 0.61 186 017 002 038 058 061 033 05 O 0.1 7.5
Item71 054 057 0.73 0.38 0.02 1 054 057 117 027 003 3 8.9
Item72 063 064 O 097 -001 127 064 064 018 066 -0.01 15 6.1
Item73 054 056 016 068 0 5.2 054 05 019 065 O 3.7 8.4
Item74 062 062 026 060 -0.01 2.6 063 063 O 092 0 1.9 5.5
Item75 032 034 091 033 002 05 033 037 331 006 004 33 7.9
Item76 065 071 236 012 004 26 065 071 364 005 005 26 5.8
Item77 054 054 007 077 0 0.5 055 054 O 092 -001 0.9 7.3
Item78 0.4 0.37 128 025 -0.02 46 042 039 035 054 -002 34 10.0
Item79 069 077 619 0.01 0.05 111 068 075 727 0 006 9.6 5.8
Item80 058 059 005 081 001 O 056 058 05 047 002 05 7.2

* SPD-X values are located between ‘-1.00" to “1.00°. The values between -0.05 to 0.05 shows ignorable level of DIF; and values
between -1 to -0.05 and 0.05 to 1 intervals shows unignorable level of DIF presence (Gonzales. Padilla. Dolores. Gomez & Benitez.

2010).

**As the G? values calculated with LRT test show the chi-square distribution in the freedom degree up to estimated parameter
number. the critical value of the chi-square distribution here regarding the DIF detection is taken as 5.99 (p=0.05. df=2) (Disgi.

2012).

When Table 2 is examined. in the analyses performed on the complete data matrix obtained
by expectation maximization. DIF is seen in 11 items with M-H method. 13 items with
Standardization method and 16 items with LRT method. Similarly, on the complete data matrix
obtained by regression imputation method. DIF is seen in 16 items with M-H method. 14 items
with Standardization method and 16 items with LRT method.
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The results of Cohran’s Q and McNemar tests performed regarding whether the items
determined with different missing data methods and different DIF detection methods show
difference and simple coefficient of concordance calculated related to these are shown in Table 3
and Table 4.

Table 3: The results of Cohran’s Q and McNemar tests performed regarding whether the items determined
with different missing data methods and different DIF detection methods show difference.

MH Std. LRT
MH. Std. and LRT (em-reg.) (em-req) (em-reg)
Missing Data Methods g g g
Cohran’s Q p McNemar (p) McNemar (p) McNemar (p)
Expectation Max. 4.75 0.09
Regression Imputation 0.89 0.64 0.03 1.00 0.34

Table 4. Simple coefficient of concordance calculated related to items determined with different missing
data methods and different DIF detection methods

MH. Std. and LRT MH-Std.  MH-Std.  Std.-LRT
Expectation Max. 0.91 0.95 0.91 0.95
Regression Imputation 0.91 0.95 0.93 0.91

When Table 3 is examined. in the analyses performed on the complete data matrix obtained
by both expectation maximization and regression imputation according to the Cochran’s Q test
results. items determined to be with DIF are observed to be differentiated from each other
significantly. McNemar’s test results show that the items determined by M-H method are
differentiated significantly with the used missing data method. In the other DIF detection methods
examined in the scope of the study in items with DIF determined regarding the used missing data
method there has no significant change occurred.

The findings acquired in the scope of the study showed that the item numbers showing the
DIF are changed among the DIF detection method. the DIF detection methods that are used in the
scope of the study and based on the Classical Test Theory are more fit internally compared to the
DIF detection method based on IRT. the used missing data approaches differentiate the items
determined to be with DIF and this difference reaches to a significant level for Mantel Haenszel
method.

4. DISCUSSION, CONCLUSION AND SUGGESTIONS

The findings acquired in this study showed that the items included DIF and their numbers
were changed based on DIF detection method. The findings are partially overlapping with the
findings of the other studies in the literature (Abedlazeez, 2010; Dogan & Ogretmen, 2008; Finch,
2011; Hohensinn & Kubinger, 2011; Kan, Siinbiil & Omiir, 2013; Pigott, 2001; Robitzsch & Rupp,
2009; Spray & Miller, 1994; Ward & Bennett, 2012). Hence, in many of these studies significant
difference between the items determined with different DIF methods and their numbers are
present, whereas the determined difference in this study did not reach a significant level. Among
the reasons, the difference between the item difficulty values obtained from the focus and reference
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groups to be very close to zero, the related items and the test to be possibly qualified as ‘easy’ by
the item difficulty value averages can be shown.

On the other hand, even if there was no significant difference between the results of DIF
methods used for the missing data methods, the methods based on CTT are observed to have more
concordance within compared to the methods provided by the methods based on IRT. The main
reason of this can be shown as the M-H and Standardization methods to be calculated over
contingency table and based on the same theory. These findings are overlapping with the findings
of Selvi (2013).

In addition to these it is seen from the acquired findings that the used missing data
approaches differentiate the items determined to be with DIF and this difference reaches to a
significant level for Mantel Haenszel method. The findings acquired are overlapping with the
findings of Robitzsch and Rupp (2009). In short, based on the findings obtained in the scope of
this study and related literature, the conclusion can be reached that the used missing data approach,
being also dependent on the DIF detection method, differentiate/can differentiate the items
determined to be with DIF.

This result shows the possibility of the findings to be erroneous of the studies in which the
missing data pattern and mechanism are ignored consciously/unconsciously or an inappropriate
missing data approach is chosen and this reduces the importance of the missing data problem to
an extent. The findings obtained in the scope of this study are limited with the expectation
maximization and regression imputation methods among missing value assignment methods; and
Mantel Haenzsel, Standardization and Likelihood Ratio Test methods among the DIF detection
methods. Thus it can be suggested that similar studies, considering also the variables like scoring
condition, sample size, different psychometric properties of items etc., shall be repeated with
different missing data assignment method. Different DIF detection methods and the operation of
different missing data methods on DIF shall be examined in order to contribute in solution of the
missing data problem.

5. REFERENCES

Abedlazeez, N. (2010). Exploring DIF: Comparison of CTT and IRT methods. International
Journal of Sustainable Development, 7(1), 11-46.

Allison, P. D. (2002). Missing data. California: Sage Publication Inc.

Alpar, R. (2011). Uygulamali ¢ok degiskenli istatistiksel yontemler. Ankara: Detay Yayincilik.

Angoff, W.H. (1993). Perspectives on differential item functioning methodology. In Holland &
Wainer (Ed.), Differential Item Functioning. New Jersey: Lawrence Erlbaum Associates
Publishers.

Banks, K., & Walker, C. (2006). Performance of SIBTEST when focal group examinees have
missing data. San Francisco: National Council of Measurement in Education.

Banks, K. (2015). An introduction to missing data in the context of differential item
functioning. Practical Assessment, Research & Evaluation. 20(12).

Bennett, D. A. (2001). How can | deal with missing data in my study? Australian and New Zealand
Journal of Public Health, 25, 464-469.

Bernhard, J., Celia, D.F., &Coates, A.S. (1998). Missing quality of life data in cancer clinical trials:
Serious problems and challenges. Statistics in Medicine, 17, 517-532.



Int. J. Asst. Tools in Educ., Vol. 5, Issue 1, (2018) pp. 1-14

Camili, G., & Shepard, L.A. (1994). Methods for identifying biased test items. London: Sage
Publication.

Demir, E., & Parlak, B. (2012). Tiirkiye’de egitim arastirmalarinda kayip veri sorunu. Journal of
Measurement and Evaluation in Education and Psychology 3(1), 230-241.

Demir, E. (2013). Kayip verilerin varliginda coktan seg¢meli testlerde madde ve test
parametrelerinin kestirilmesi: SBS 6rnegi [Item and test parameters estimations for multiple
choice tests in the presence of missing data: The case of SBS]. Journal of Educational
Sciences Research, 3(2), 47-68.

Disci, R. (2012). Temel ve klinik biyoistatistik. Istanbul: T1p Kitapevi.

Dogan, N., & Ogretmen, T. (2008). Degisen Madde Fonksiyonunu belirlemede Mantel-Haenszel,
Ki-Kare ve Lojistik Regresyon tekniklerinin karsilastirilmasi. Education and Science,
33(148).

Embretson, S.E., & Reise, S.P. (2000). Item response theory for psychologists. London: Lawrence
Erlbaum Associates.

Emenogu, B. C., Falenchuck, O., & Childs, R. A. (2010). The effect of missing data treatment on
Mantel-Haenszel DIF detection. The Alberta Journal of Educational Research, 56(4), 459-
4609.

Falenchuk, O., & Herbert, M. (2009). Investigation of differential non-response as a factor
affecting the results of Mantel-Haenszel DIF detection California: American Educational
Research Association.

Finch, W.H. (2011). The impact of missing data on the detection of nonuniform differential item
functioning. Educational and Psychological Measurement, 71(4) 663-683.

Garrett, P. L. (2009). A monte carlo study investigating missing data, differential item functioning,
and effect size. Georgia State University, Unpublished doctoral dissertation.

Gelin, M.N. & Zumbo, B.D. (2003). Differential item functioning results may change depending
on how an item is scored: an illustration with the center for epidemiologic studies depression
scale. Educational and Psychological Measurement, X(X) DOI:
10.1177/0013164402239317.

Gierl, M.J., Jodoin, M.G., & Ackerman, T.A. (2000). Performance of Mantel-Haenszel,
Simultaneous Item Bias Test, and Logistic Regression when the proportion of DIF items is
large. American Educational Research Association.

Gonzales, A., Padilla, J.L., Dolores, H., Gomez-Benito, J., & Benitez, I. (2010). EASY-DIF:
Software for analyzing differential item functioning using the Mantel-Haenszel and
Standardization procedures. Applied Psychological Measurement.
doi:10.1177/0146621610381489.

Graham, J.W. (2009). Missing Data Analysis: Making it work in the real world. Annual Review of
Psychology, 60(4), 549-576.

Groves, R. M. (2006). Nonresponse rates and nonresponse bias in household surveys. Public
Opinion Quarterly, 70(5), 646-675.

Gozen Citak, G. (2007). Klasik test ve madde-tepki kuramlarina gére coktan se¢meli testlerde
farkli puanlama yontemlerinin karsilastirilmasi. Doktora Tezi, Ankara Universitesi, Ankara

Hambletton, R.K. & Swaminathan, H. (1985). Item Response Theory: Principles and applications.
Boston: Kluwer-Nijhoff Publishing.



Selvi & Ozdemir Alici

Harwell, M. Stone, C. A., Hsu, T.C., & Kirisci, L. (1996). Monte carlo studies in item response
theory. Applied Psychological Measurement, 20, 101-125.

Hohensinn, C. & Kubinger K. D. (2011). On the impact of missing values on item fit and the model
validness of the Rasch model. Psychological Test and Assessment Modeling, 53, 380-393.

Kan, A., Siinbiil, O., Omiir, S. (2013). 6.- 8. smf seviye belirleme sinavlari alt testlerinin cesitli
yontemlere gore degisen madde fonksiyonlarinin incelenmesi. Mersin University Journal of
the Faculty of Education, 9(2), 207-222.

Kothari, C.R. (2004). Research methodology: Methods and techniques (Second Revised Edition).
New Delhi: New Age Int. Ltd.

Kristanjansonn E., R. Aylesworth, I. McDowell & B.D. Zumbo (2005). A Comparison of four
methods for detecting differential item functioning in ordered response model. Educational
and Psychological Measurement. 65(6), 935-953.

Little, R. J. A & Rubin, D. B. (1987). Statistical analysis with missing data (2nd ed.). New York:
John Wiley & Sons, Inc.

Lord, F. M. (1974). Estimation of latent ability and item parameters when there are omitted
responses. Psychometrika, 39, 247-264.

Lord, F. M. (1980). Applications of item response theory to practical testing problems. New
Jersey: Lawrence Erlbaum Associates.

Molenberghs, G., & Kenward, M.G. (2007). Missing data in clinical studie (1 st ed.). England:
John Wiley&Sons.

Narayanan, P., & Swaminathan, H. (1994). Performance of the Mantel-Haenszel and Simultaneous
Item Bias procedures for detecting differential item functioning, Applied Psychological
Measurement, 18(4).

Osterlind, S.J. (1983). Test item bias. London: Sage Publication.

Padilla, J.L., Hidalgo, J.L., Benitez, I., & Gomez-Benito, J. (2012). Comparison of three software
programs for evaluating DIF by means of the Mantel-Haenszel procedure; EASY DIF,
DIFAS and EZDIF, Psicologica, 33,135-156.

Peng, C.Y.J., Harwell, M., Liou, S.M., & Ehman, L. H. (2006). Advances in missing data methods
and implications for educational research. In S. Sawilowsky (Ed.), Greenwich: Real data
analysis.

Peng, C. J., & Zhu, J. (2008). Comparison of two approaches for handling missing covariates in
logistic regression. Educational and Psychological Measurement, 68(1), 58-77.

Pigott, T.D. (2001). A review of methods for missing data. Educational Research and Evaluation,
7(4); 353-383.

Robitzsch, A, & Rupp, A.A. (2009). Impact of missing data on the detection of differential item
functioning the case of mantel-haenszel and logistic regression analysis. Educational and
Psychological Measurement, 69(1): 18-34.

Rousseau, M., Bertrand, R., & Boiteau, N. (2006, April). Impact of missing data treatment on the
efficiency of DIF methods. California: National Council on Measurement in Education.

Royce, S., Straits, B.C., & Straits, M.M. (1993). Approaches to social research (2nd ed.). New
York: Oxford University Press.

Rubin, D. B. (1976). Inference and missing data. Biometrika, 63(3), 581-592.



Int. J. Asst. Tools in Educ., Vol. 5, Issue 1, (2018) pp. 1-14

Schafer, J. L. (1999). Multiple imputation: A primer. Statistical Methods in Medical Research, (8),
3-15.

Sedivy, S. K., Zhang, B., & Traxel, N. M. (2006). Detection of differential item functioning with
polytomous items in the presence of missing data. California: National Council of
Measurement in Education.

Selvi, H. (2013). Klasik test ve madde tepki kuramlarina dayali degisen madde fonksiyonu
belirleme tekniklerinin farkli puanlama durumlarinda incelenmesi. Yaymlanmamis Doktora
Tezi. Mersin Universitesi Egitim Bilimleri Enstitiisii.

Singh, Y.K. (2006). Fundamental of research methodology and statistics. New Delhi: New Age
Int. Ltd.

Spray, J., & Miller, T. (1994). Identifying nonuniform DIF in polytomously scored test items.
American College Testing Research Report Series 94-1. lowa City, IA: American College
Testing Program.

Ward, W.C., & Bennett, R.E. (2012). Construction versus choice in cognitive measurement: issues
in constructed response, performance testing, and portfolio assessment. London and New
York: Routledge, Taylor & Francis Group.

Woodward, M., Smith, W.C., & Tunstall Pedoe H. (1991). Bias from missing values: Sex
differences in implication of failed venepuncture for the Scottish Health Study.Int J.
Epidemiol.

Wu, A. D, Li, Z., & Zumbo, B. D. (2007). Decoding the meaning of factorial invariance and
updating the practice of multi-group confirmatory factor analysis: A demonstration with
TIMSS data. Practical Assessment, Research & Evaluation, 12(3), 1-26.

Zumbo, B. D. (1999). A Handbook on the theory and methods of Differential Item Functioning
(DIF): Logistic Regression modeling as a unitary framework for binary and likert-type
(ordinal) item scores. Ottawa ON: Directorate of Human Resources Research and
Evaluation, Department of National Defense.



International Journal of
Assessment Tools in Education

International Journal of
Assessment Tools in Education

Volume: 5 Number: 1
January 2018

http://ijate.net/
e-1SSN: 2148-7456

ISSN-e: 2148-7456 online Journal homepage: http://www.ijate.net/ http://dergipark.gov.tr/ijate

Multi-Trait Multi-Method Matrices for the Validation of Creativity and
Critical Thinking Assessments for Secondary School Students in England and
Greece

Ourania Maria Ventista

To cite this article: Ventista, O.M. (2018). Multi-Trait Multi-Method Matrices for the Validation
of Creativity and Critical Thinking Assessments for Secondary School Students in England and
Greece. International Journal of Assessment Tools in Education, 5(1), 15-32. DOI:
10.21449/ijate.335167

To link to this article: http://ijate.net/index.php/ijate/issue/archive
http://dergipark.qov.tr/ijate

This article may be used for research, teaching, and private study purposes.

Any substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

Authors alone are responsible for the contents of their articles. The journal owns the
copyright of the articles.

The publisher shall not be liable for any loss, actions, claims, proceedings, demand, or costs
or damages whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of the research material.

Full Terms & Conditions of access and use can be found at
http://ijate.net/index.php/ijate/about


http://www.ijate.net/
http://dergipark.gov.tr/ijate
http://ijate.net/index.php/ijate/issue/archive
http://dergipark.gov.tr/ijate

Int. J. Asst. Tools in Educ., Vol. 5, Issue 1, (2018) pp. 15-32

http://www.ijate.net

e-ISSN: 2148-7456 © IJATE

Research Article

Multi-Trait Multi-Method Matrices for the Validation of Creativity and
Critical Thinking Assessments for Secondary School Students in England and
Greece

Ourania Maria Ventista ™.

School of Education, Durham University, Leazes Road, Durham, DH1 1TA, United Kingdom

Abstract: The aim of this paper is the validation of measurement tools which assess ARTICLE HISTORY
critical thinking and creativity as general constructs instead of subject-specific - .
skills. Specifically, this research examined whether there is convergent and Recglved. 03 April 2017
discriminant (or divergent) validity between measurement tools of creativity and ~ Revised: 12 August 2017
critical thinking. For this purpose, the multi-trait and multi-method matrix Accepted: 14 August 2017
suggested by Campbell and Fiske (1959) was used. This matrix presented the

correlation of scores that students obtain in different assessments in order to reveal

whether the assessments measure the same or different constructs. Specifically, the ~ KEYWORDS

two methods used were written and oral exams, and the two traits measured were
critical thinking and creativity. For the validation of the assessments, 30 secondary-
school students in Greece and 21 in England completed the assessments. The
sample in both countries provided similar results. The critical thinking tools
demonstrated convergent validity when compared with each other and discriminant
validity with the creativity assessments. Furthermore, creativity assessments which
measure the same aspect of creativity demonstrated convergent validity. To
conclude, this research provided indicators that critical thinking and creativity as
general constructs can be measured in a valid way. However, since the sample was
small, further investigation of the validation of the assessment tools with a bigger
sample is recommended.

validation, creativity,
critical thinking,
assessment, multi-trait
multi-method matrix,

1. INTRODUCTION
1.1. Research Purpose

The knowledge demands in the 21st century are not easily predictable. Therefore, the
education system of each country should provide the students with skills to adapt in the needs of
this changing society. It has been supported that critical thinking and creativity could address these
needs (Berliner, 2011). In other words, in the 21st century there is a huge amount of knowledge
available to learners. When learners are required to find solutions to their questions, they do not
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have to simply recall information. Instead, they should be able to identify relevant sources and
evaluate them critically. Moreover, economies and societies nowadays change rapidly, so
schooling cannot prepare learners to deal with specific problems. By the time learners will finish
their schooling, there will be new problems to be solved so they should be able to critically
approach these issues and generate solutions creatively.

Consequently, it is not a surprise that the development of critical thinking and creativity are
prioritised by school curricula across the world (for example: Australian curriculum, UK
curriculum). Similarly, universities expect their students to demonstrate critical and creative
thinking and include these skills in their scoring rubrics. Therefore, critical thinking and creativity
are judged to be crucially important within educational systems.

Despite their growing importance, the measurement tools of creativity and critical thinking
as generic skills are not well established in primary and secondary education. As a result, when
primary and secondary school students are assessed, traditional forms of assessment, which focus
mainly on attainment, are used.

Hence, this paper investigates to what extent assessments which measure creativity and
critical thinking as general constructs can be reliable and valid. To be more precise, concerning
reliability, this paper focuses on the internal consistency of the measurement tools. For validity,
this paper examines the discriminant (or divergent) and convergent validity. These are important
elements to be investigated since there is no sufficient evidence for these psychometric properties.
Although there is recent research which examines the relationship of students’ performance
between sub-sections of Torrance test (Yoon, 2017) or team creativity (Jiang & Zhang, 2014),
there is a lack of studies which examine and establish the convergent validity among creativity
tests (Plucker & Maker, 2010; Yoon, 2017).

Similarly, for critical thinking there are examples of studies attempting the validation of
critical thinking as a subject-specific skill (Tiruneh et al., 2017). However, there is no evidence
about the convergent validity between measurement tools of critical thinking.

Even when convergent validity of critical thinking measurement tools is examined, it is not
established on comparison of performances in critical thinking assessments. For instance, recently
a critical thinking tool for primary school students was developed. The researchers attempted to
establish the criterion validity (which is a type of convergent validity) by comparing the
performance of students with their grades of students in arts, instead of another critical thinking
assessment (Gelerstein et al., 2016). This means that convergent validity was considered, but not
in the most rigorous way.

Consequently, there is not sufficient evidence of the validation of creativity and critical
thinking measurement tools. Hence, this research contributes to this area and discusses
psychometric properties of assessments of creativity and critical thinking. For the purpose of this
article, first, the constructs of critical thinking and creativity are defined and operationalised, then,
the processes that the validation of measurement tools achieved are discussed. Next, the research
methodology is presented, and, finally, the results of this research and its limitations are reported.

1.2. Defining the constructs

Creativity and critical thinking are the focal points of this research. Both terms can be
perceived in different ways, but it is fundamental for both constructs to be defined before deciding
on their assessments. Critical thinking ‘is the intellectually disciplined process of active and
skillfully conceptualizing, applying, analyzing, synthesizing, and/or evaluating information
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gathered from, or generated by, observation, experience, reflection, reasoning, or communication’
(The Critical Thinking Community, 2013). According to Ennis (1993), critical thinking involves
judging arguments and the credibility or sources, identifying conclusions and assumptions and
drawing warranted conclusions. While Ennis (1993) defines “critical thinking as a reasonable
reflective thinking that is focused on deciding what to believe and do”, Lipman (1987) explains
that the use of the word ‘reasonable’ can lead to circularity and criticised this definition as
restrictive. According to Lipman (1987), critical thinking is employed for numerous other aims
and does not always lead to a clear-cut conclusion. Lipman (2003) postulates that critical thinking
is based on criteria, is self-corrective and sensitive to context. A further definition of critical
thinking supports that it involves six basic cognitive aspects: interpretation, analysis, evaluation,
inference, explanation and self-regulation (Facione, 1990, 2015). For this research, the working
definition of critical thinking consists of observation, analysis, synthesis, evaluation and
interpretation of arguments within specific contexts.

Creativity is perceived as a broad term which includes other sub-characteristics such as
divergent thinking, convergent thinking, openness to explore new ideas and listening to “inner
voice” (Treffinger, Young, Selby, & Shepardson, 2002). According to this paradigm, creativity
includes critical thinking. Guilford (1967) supports that problem-solving is the same phenomenon
as creative thinking. In order for something to be perceived as creative, it should have two main
characteristics: to be original and useful (Rungo & Jaeger, 2012). According to the definition of
the National Advisory Committee on Creative and Cultural Education (1999), however, creativity
has four - instead of just two - typical characteristics: imagination, purposefulness, originality and
a new product with merit. Similarly, Mednick (1962) defines creative thinking as the procedure
through which associated components are combined in a new way and this combination is a useful
one. In recent years many researchers have accepted the standard definitions of creativity
(Weisberg, 2015). By examining studies regarding the definitions of creativity (Kampylis &
Valtanen, 2010), it can be concluded that most of the recent definitions involve trivial additions or
syntheses of previous ones. Weisberg (2015), however, questions the inclusion of “value” in the
definition of creativity, since its evaluation appears to be too subjective and unreliable. As a result,
for the purposes of this research creativity is operationalised as a combination of fluency,
innovation, novelty and imagination.

1.3. Validation

Having discussed the working definitions of the two main constructs, issues regarding
validation of assessment tools are discussed. This paper investigates to what extent critical thinking
and creativity assessments can be considered valid. The first issue to be discussed is whether the
validity is a psychometric property of a test or a characteristic of the interpretation of the test. On
the one hand, it has been supported that a test is valid when it measures what is supposed to
measure, so the validity is a psychometric property of the test. On the other hand, it has been
supported that the interpretation is the one which can be valid or invalid and a test cannot be itself
valid or invalid. This means that a test can be valid for one interpretation, but invalid for another
one (Coe, 2012; Newton, 2012).

The second issue concerns the ways that validation can be achieved. Five sources of evidence
can support the validation process; test content, response processes, internal structure, relations to
other variables and consequences of testing (Sireci, 2009, p. 30). Specifically, about the test
content, Kane (2009) states that if the task of a test is close to the performance of interest then
there is no need for strong evidence for the content of the test for it to be valid.
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With reference to the internal structure as a process of validation, the factors included in a
test are considered. This research used Cronbach’s Alpha as an indicator of internal structure.
Although the relations to other variables is usually called criterion validity, in critical thinking and
creativity assessments, there is not a widely accepted gold standard to be considered as criterion.
Instead, this research used what Campbell and Fiske discuss (1959) as a validation method:
convergent and discriminant validity. Messick (1995) also mentions this method as one aspect of
validity, which is related to the external evidence for the quality of an assessment. Convergent
validity exists when results from measures that measure the same construct are correlated, while
discriminant validaty when the scores of tests which measure different constructs do not correlate.
Particularly, convergent validity was sought between the measurement tools which measured the
same construct (either creativity or critical thinking) and divergent validity between the
measurement tools which measured different constructs (critical thinking and creativity). This
implies that this research accepts that critical thinking and creativity are not the same constructs,
even though some researchers might have expressed the opinion that they are both part of
productive thinking (Facione, 2015; Newton, 2014).

2. METHODOLOGY
2.1. Method

For the selected validation process, collection of data was required. In this case, data was the
scores in the assessments. This paper presents the results of research conducted in Greece and its
replication in England. As previously mentioned, the validation of the measurement tools
attempted to be done with using the multi-trait multi-method matrices (Campbell & Fiske, 1959).
This analysis requires the use of at least two traits and two methods. The two traits were creativity
and critical thinking and the two methods were written and oral assessments.

As multi-trait multi-method matrices were used, emphasis was put on convergent and
discriminant validity. So the hypothesis was that if tests of critical thinking indeed measured
critical thinking then the scores that students achieved in both critical thinking tests would be
correlated with each other (convergent validity). On the other hand, their critical thinking scores
would be less or not correlated with measurements of creativity (discriminant validity), since the
assessments measured different constructs. With the exact same logic, there was a similar
hypothesis for the creativity measurement tools. If the creativity scores were valid and measured
what they supposed to measure, then the scores that the students would achieve in creativity
assessments would correlate with each other (convergent validity) and would not correlate with
their performance in critical thinking (discriminant validity).

Lastly, because the methodology required correlating scores of the tests, it has to be clarified
that there is no lower limit for the sample size when conducting a correlation study. The sample
size, however, affects the confidence intervals for the correlation. With small sample sizes, even a
slight increase in the number of participants significantly reduces the length of confidence
intervals. However, it has been supported that when increasing the number of participants to more
than 24 participants, there is a loss of sample size impact on the length of the confidence intervals
(Johanson & Brooks, 2010, p. 397). Finally, it has to be mentioned that the recommended number
of participants for pilot studies is usually around 30 (Johanson & Brooks, 2010).
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2.2. Replication

Seven months later the research was replicated in a secondary school in the North East of
England. The purpose of this replication was not the direct comparison of the two countries but to
increase the sample size. In Greece, there were only 30 students, so it was judged appropriate to
collect some additional data. However, it was interesting to investigate whether the previous results
would be also found in a new situation. Moreover, replication was conducted specifically in
England in order to exclude the possibility of effects of translation issues, which might have
affected the Greek sample.

The results of each study are presented separately because there was one small change in the
methodology and because the data collection took place at different times. As | am not a native
English speaker, my accent could contribute to a construct irrelevance in the oral assessment of
critical thinking. For this reason, students were given three different options than the Greek
students. The Greek students had a text read to them, while the English students could choose
between the researcher reading the text or them reading it aloud or silently. There is the assumption
that they chose wisely in order to maximize their performance in the test and indirectly minimize
the potential construct irrelevance.

Even though it would have been preferable to keep the conditions exactly the same as in
Greece, it was not possible. Instead of giving them this choice, the alternative of having a recording
of the letter read by a native speaker was considered. However, this was too impersonal and could
have not taken into consideration the conditions in the room. Hence, it was judged as a bigger
change in the methodology compared to allowing the student to choose their preferred method of
accessing the text.

2.3. Participants

The initial research took place in a secondary school in Greece with 30 participants aged 13-
15 years old. Students of these ages were targeted because there are more available assessment
tools for these ages compared to primary school students. The specific school was selected based
on the willingness of the headteacher to provide time and space for the research needs. The school
was in a suburban area of northern Greece. The students were randomly chosen by the class lists.
No student refused to participate and there was no attrition.

In the replication study, the sample was 21 twelve-year old boys who were students in a
secondary school. It was not possible to gain access to older students as in the Greek sample.
However, the tests were age-appropriate. In this sample 4 participants refused to narrate a fairy
tale and this research believes that they felt uncomfortable to do so. British Education Research
Association (BERA) guidelines stipulate that participants can withdraw at any point. During the
research and during the replication of the research two of the students withdrew (BERA, 2011) .

2.4. Ethics

Before conducting both studies, ethical approval was obtained by the School of Education
Ethics Committee at Durham University. Both of the studies followed the BERA guidelines
(2011).
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3. ASSESSMENT TOOLS
3.1. Critical thinking

The tools used for the critical thinking in the written method were a combination of the
deduction items of the Cornell Reasoning Test (Ennis et al., 1964) and items based on the test of
appraising observation (Norris & King, 1984). The reasoning test provides “if” statements to the
students who should judge whether the last sentence would be a warranted conclusion by deductive
reasoning. A choice of “maybe” is also given to the students in this test, as in some cases the data
are insufficient for them to decide. The test of appraising observation narrates two stories to the
students. Each item of the test provides two statements to the students. The students should judge
which of the two statements is more believable. In order to judge effectively, the students should
also consider the context of the two stories as a factor.

The time given for these tests was one hour and due to this time limitation only a few items
were used. Both tests are quite extensive and, thus, since the aim was not to examine the reliability
and validity of the specific existing tools, but to examine whether it was possible to measure critical
thinking as a general construct, only a few questions of each test were used. In order to improve
the internal consistency of the initial tests, similar questions appear multiple times. In this research,
fewer questions were chosen. The questions were judged appropriate and sufficient to
operationalise the construct of critical thinking as defined by this research.

Additionally, both of the tests are age appropriate. The Cornell Test Level X (Ennis,
Gardiner, Guzzetta, Morrow, Paulus & Ringel, 1964) was deemed appropriate for secondary
school students and used in previous studies for evaluating critical thinking in students of this age
or even a little older (lozzi & Cheu, 1978). The last version of appraising observation test is also
suitable to assess secondary school students (Norris & King, 1984).

The critical thinking tool used for the oral assessment of critical thinking was based on an
established tool (Ennis & Weir, 1985) suitable to test sixth grade to university students. During
this assessment, the students were requested to judge presented arguments. The researcher first
articulated the main purpose of the letter - the author tried to persuade the listener of the benefits
of the prohibition of overnight parking- and then read the letter. The researcher elucidated that
students should take a position and either be persuaded or not by the argument in each paragraph
to justify their position and share any thought related to the paragraph. The reason why the letter
was read by the researcher to the Greek students was to exclude construct irrelevance. It has been
supported that the reading ability in tests can play an important role (Hewitt & Homan, 2003).
Reading ability is irrelevant to critical thinking and should not be embodied in critical thinking
assessments. The oral assessment did not disadvantage students who have reading difficulty. They
could also ask for clarification for words that they didn’t understand. They had sight of a printed
version so as not to disadvantage students who were not used to listening to texts.

3.2. Creativity

For the written assessment of creativity a combination of tests was used (Getzels & Jackson,
1962). Firstly, students had to think as many possible uses for common objects, such as a brick.
Secondly, students were given partially complete images and instructed to complete them by
drawing around them to illustrate what they imagined the images were. An activity similar to the
latter can also be found in the Torrance Test of Creative Thinking (Torrance, Ball & Safter, 2008).
The number of responses given by the students and the degree of originality of their responses
were assessed.



Ventista

For the oral assessments of creativity the students were asked to narrate a fairy tale. For the
fairy tale a scoring rubric was created. The rubric evaluated the content of the students’ stories by
combining indicators of imagination. These indicators were the number of mentioned typical
elements found in fairy tales, referred to as functions (Propp, 1968), the presence of creative
characteristics that can be in fairy tales (Rodari, 1996) and the presence of humour and violence
in the story. The latter two characteristics are usually connected with creativity (Getzels & Jackson,
1962; Nusbaum, Silvia & Beaty, 2017).

The oral assessment resembled a real-life task with a specific purpose as the communicative
language approach would suggest (Richards, 2005). Participants were presented with a real life
situation: “A younger cousin or a sibling of yours has just asked you to narrate a fairy tale. | will
give you three minutes to think about the fairy tale you are going to narrate and about this time
again to narrate it”. The choice of the activity was grounded in results of prior research
investigating gender and ethnicity differences in creativity. Even though males had the self-
perception of being more creative on science-analytic and sports tasks and females more on social-
communications and visual-artistic tasks, both genders were equally assumed to be creative in
verbal-artistic activities (Kaufman, 2006). For this reason a type of verbal activity was set.
Nonetheless, it is accepted that for the previous finding, since it is based on self-reported
questionnaires there may be a gap between perceived creative strengths and actions, and also that
the respondents’ opinions and beliefs may not be stable (Foddy, 1993).

3.3. Norm-referenced tests

The two written tests of creativity were norm-referenced measurements because there was a
comparison between the performances of the students (Cox & Vargas, 1966). The score of unique
answers attributed to the students related to the other participants’ responses. Thus, an answer was
characterised unique only if no other participant had mentioned this particular answer. Silvia
(2015) highlights the significance of this flaw in the creativity tests; the uniqueness grade is
sample-dependent. In other words, as the sample increases, the likelihood of a unique answer
decreases.

To ameliorate this, the researchers could pre-decide the size of group. For example, the
sample for this test could always be 30 students and each reply could be judged unique when it has
not been mentioned by the particular number of students. It is accepted that this could not provide
a solution for the problem of a student having high performance in a less creative group and be
judged to have average performance when compared to a more creative group. Nevertheless,
sample-dependence cannot be completely avoided in the norm-referenced tests.

3.4. Matching the assessments to the construct definitions

It is important to discuss the tools used for this research in relation to the aspects of the
constructs measured. The appraising observations test assessed the ability of the students to
evaluate which statement is more believable. Analyzing and synthesizing can also be assessed by
the test (Treffinger et al., 2002). The reasoning test evaluated deductive reasoning. The Ennis &
Weir letter (1985) required evaluation of specific arguments. Therefore, these assessments fit the
aforementioned definition of critical thinking.

The ‘test of different uses for tools’ and the ‘pattern meanings test’ (Getzels & Jackson,
1962) did not have a single correct answer. The only variables measured in this test were originality
(how many answers are unique between the answers of all the participants) and fluency (the
number of answers mentioned) firstly at the suggestion of the test author (Getzels & Jackson, 1962)
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and secondly because these variables can be measured objectively. Concerning the narration of the
fairy tale, it mainly attempted to evaluate imagination and innovation, which are characteristics of
the creativity (El-murad & West, 2004). Sense of humor as a characteristic of openness was
assessed by the oral assessment of creativity. Consequently, creativity assessment also fit the
working definition of creativity adopted by this research.

3.5. Translation and adjustment of the Tools in Greek

Measurement instruments were cautiously translated in the Greek language using the back-
translation method (Su & Parham, 2002). Furthermore, for the oral assessment of creativity, the
content was also slightly adjusted. The town took the name of the town in which the test was
administrated, road names were taken from roads in the town and also the name of the authorities
‘Director of the National Traffic Safety Council’ and the ‘National Association of Police Chiefs’
were replaced with the respective Greek terms. This aimed to provide the students with a purpose
and a motivation to read the test (Richards, 2005).

4. RESULTS AND DISCUSSION (Study in Greece)

The tools are going to be discussed according to their reliability and validity. There are
different types of reliability and validity. For the purpose of this research, the reliability is
discussed as internal consistency and validity as convergent and discriminant validity.

Table 1. Multi-trait multi-method matrix (Greece)

WRITTEN TESTS ORAL ASSESSMENT
Method 1 Method 2
Critical Creativity:  Creativity: Critical Creativity
thinking  DUO PM thinking
Written Critical 0.758
tests thinking:
Method 1 only
reasoning
Creativity:  -0.021 0.817
Different
Uses of
Objects
Creativity: -0.376 *  0.719** 0.925
Pattern
Meanings
Oral Critical 0.199 0.139 0.216 0.483
Assessment  thinking
Method 2 Creativity | -0.299 -0.010 0.169 0.257 0.743

*p < 0.5 (statistical significance)

** p < 0.1 (statistical significance)

Light blue: the cells which show just the internal consistency of the measurement tool

Light green: the cells which show correlation between monomethod and the same trait.

Light pink: the cells which show correlations between heterotrait and monomethod cells (creativity or critical thinking
compared with each other and assessed by the same method).

Purple: the cells which show correlations between heterotrait - heteromethod cells.

Orange: the cells which show correlations between monotrait - heteromethod cells.
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4.1. Internal Consistency of the Measurement Tools

To consider the reliability of the measurement tools, internal consistency was examined and
Cronbach’s Alpha was used as an indicator of internal consistency. Cronbach’s Alpha should not
be used as proof of all types of reliability. It is only related to the correlation of the items and it is
the ‘mean of all split-half reliabilities for a given test application’ (Johnson & Johnson, 2009, p.
14). The internal consistency of the items based on the appraising observation tests was low and it
could not be improved even by deleting some items. Thus, these items were excluded by the
matrix.

Some of the reasoning items were found to have negative correlation so they were deleted.
An item that has negative correlation tends to be answered incorrectly by otherwise high scoring
students. One of those items had negative stem. Negative statements in the stem should be avoided
(Haladyna, 1994) because it may cause confusion. Two items at the end of the test also had
negative correlation, but these items did not seem to differ from the other items. The fact that they
were towards the end of the test may be the cause of those items having negative correlation. The
students may have been tired or bored by the end of the test.

The results for the reasoning items in the written assessment of creativity had indicated
strong internal consistency (a = 0.76). The creativity assessments for the written method also had
high reliability (a = 0.81 and a = 0.92), which is comparable with alpha scores required for high-
stakes assessment. The oral assessment of creativity had also high internal consistency (a = 0.74).
Consequently, even though critical thinking and creativity are multi-facet constructs, when the
tests are focused on particular aspects, such as only reasoning or imagination, then high internal
consistency can be expected.

The oral assessment of critical thinking was found to have moderate internal consistency (a=
0.48) which could have been a consequence of the test having a few items. With more items, the
reliability of the test may have been higher, however, the increase of the number of the items
cannot be assumed to substantially increase of the quality of the test even if this is a way to increase
internal consistency. For example, by asking similar questions the length of the assessment and
Cronabach’s alpha increases. However, the quality of assessment remains the same. The low alpha
might be explained by the fact that the test was not a multiple-choice test. Multiple choice items
are usually preferred in tests because they increase reliability, but this does not mean that they
secure the validity of the tests (Burton, Sudweeks, Merrill & Wood, 1991; Lambert & Lines, 2000).
Thus, even though the oral assessment had lower internal consistency than the other assessments,
it might have been a more valid method of testing critical thinking. Even though there are
researchers who support that there cannot be valid inferences without reliability (Koretz, 2006),
there are others who advocate that if reliability is perceived merely as consistency among measures
then validity may be without reliability (Moss, 1994). Moss (1994) supports that less standardised
forms of assessment may be valid without being reliable and ‘as assessment becomes less
standardised, distinctions between reliability and validity blur’ (p.7).

4.2. Convergent and Discriminant Validity

The multi-trait and multi-method matrix presents the convergent and discriminant validity
between the measurement tools (Table 1). The written test of critical thinking was validated based
on convergent and discriminant validity. Specifically, it was correlated with the oral assessment
measuring critical thinking (convergent validity), but not correlated with the creativity assessments
(discriminant validity).
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The written test of critical thinking had discriminant validity with the three creativity tests (r
=-0.02, r =-0.38 and r = - 0.3). This means that there was not a linear relationship which links
the performance in the reasoning items with the performance in the creativity tests of fluency,
innovation and imagination. As a result, the reasoning test measured something different from the
creativity tests.

The performance of students in the reasoning items had a very weak linear relationship with
their performance in the oral assessment of creativity (r = 0.2). This means that the two assessment
had, to some extent, convergent validity, but without strong evidence. The low correlation between
the scores in the two assessments of critical thinking can be explained because the two tools
evaluated different aspects of critical thinking. The written test was focused on deductive
reasoning, while the oral assessment on the argument evaluation within a specific context.

The scores of the oral assessment of critical thinking was correlated equally with those of
the oral assessment of creativity (r = 0.14 and 0.22) and the written test of evaluating critical
thinking (r = 0.2). Similarly, the scores of the oral assessment of creativity was more correlated
with the scores of the oral assessment of critical thinking (r = 0.26) rather than those of the
creativity assessments (r = - 0.1 and r = 0.17). Thus, the performance of the students in the oral
assessments correlated more with each other than with their performance in tests which evaluate
the same constructs with different methods. This is not a surprising finding. Paradoxically it is
common to identify higher correlation between the scores of heterotrait and homomethod
assessments, rather than the homotrait and heteromethod (Coe, 2012).

Furthermore, in this case, slight correlation between the scores that students achieved in
critical thinking and creativity assessments is expected, because creativity and critical thinking -
as they have already been defined - can be related to each other and be perceived as sub-categories
of productive thinking (Newton, 2014).

The scores of the two written assessments of creativity were highly correlated with each
other with a strong linear relationship (r = 0.72). In other words, the students who scored highly in
the one test also scored highly in the other test, and the students who scored low in one, they also
scored low in the other test. This suggests that both tests measured the same thing and that evidence
of convergent validity was strong.

This last finding can be considered a positive indicator for future assessment of creativity.
For these two tests, it is possible that there is concurrent validity, as they both also have
independently high reliability (Lambert & Lines, 2000). Both tests evaluated mainly the same
elements of the creativity construct, fluency and innovation by using the same method. The high
correlation between their scores demonstrates that as long as the same side of a multifaceted
construct is evaluated with the same method using two different assessments, convergent validity
between these assessments can be expected.

What requires explanation is the fact that the scores of the two written assessments of
creativity were poorly correlated both with those of the critical thinking oral assessment (r = 0.14
and r = 0.22) and with the creativity oral assessment (r = - 0.01 and r = 0.17). More specifically,
the low correlation between the written assessments of creativity and the oral assessment of critical
thinking can be explained if the two constructs are considered elements of the general construct
productive thinking.

The low correlation between the written assessments and the oral assessment of creativity (r
=-0.1and r=0.17) can be used as a lucid demonstration that creativity is a multi-faceted concept
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and the assessments evaluate different aspects of the same construct. The written test about the use
of objects measured fluency and innovation, while the oral assessment measured verbal
imagination. Thus, students might have been creative in some aspects, but not in others. In other
words, different measurements tools of creativity using different methods were not found to be
highly correlated. This finding is line with studies in creativity literature which suggested that
people might perform differently in different tasks which require creativity (Hocevar, 1979).

To summarise, convergent and divergent validity were found for the written critical thinking
assessment. Similarly, the creativity assessments had high convergent validity only when the same
method and the same facets of the construct were assessed. The research in Greece revealed some
positive indicators for the evaluation of critical thinking and creativity as general constructs.

5. RESULTS AND DISCUSSION (Replication Study in England)

A few months later the study was replicated in England. The results observed were similar
to those derived from the Greek sample.

5.1. Internal Consistency of the Measurement Tools

When the research was replicated, the internal consistency of the measurement tools was
also found to be relatively high. The reasoning items in the written assessment were found with
similar internal consistency values as in Greece (a= 0.74). All the assessments of creativity had
high alpha scores (a = 0.8), similar to the Greek sample data. These values of internal consistency
are sufficient to enable the assessments to be used as high-stakes. The high internal consistency
values could be explained by the fact that all the three creativity assessments measure a narrow
and specific aspect of creativity.

Concerning its internal consistency, the data relating to the questions based on the appraising
observation test indicated a low alpha score when implemented in Greece, but with the English
sample it was slightly higher (a=0.52). For a multiple-choice test to have such a low alpha score is
concerning as it contradicts with the usual expectation of multiple-choice items to be more reliable
assessments (Burton et al., 1991).

Finally, the oral assessment of critical thinking had a higher internal consistency (a = 0.57)
than the Greek sample. The test was not a multiple-choice test and this might affect its internal
consistency.

5.2. Convergent and Discriminant Validity

When replicating the research in England (Table 2) the evidence was similar to the results
from the Greek data (Table 1), as the multi-trait multi-method matrices suggested. The written
assessment of critical thinking was also validated with convergent and discriminant validity, as
with the Greek sample. The evidence for convergent validity in the English sample was stronger
than the Greek one, since a moderate linear relationship between the written assessment and oral
assessment of critical thinking was found (r=0.44). This relationship suggested that the students
who scored highly in one test usually tended to score highly in the other test as well. The
relationship between the two tests was much stronger compared to what was found in the Greek
sample (r = 0.2). A possible explanation might be an issue of translation or cultural differences in
the critical thinking tests in the Greek sample.
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Table 2. Multi-trait multi-method matrix (England)

WRITTEN TESTS ORAL ASSESSMENT
Method 1 Method 2
Critical Creativity:  Creativity: Critical Creativity
thinking DUO PM thinking
Written Critical 0.741
tests thinking:
Method 1 reasoning
items
Creativity:  0.251 0.813
Different
Uses of
Objects
Creativity:  0.208 0.477* 0.879
Pattern
Meanings
Oral Critical 0.437 -0.357 -0.383 0.566
Assessment  thinking
Method 2 Creativity -0.040 0.159 0.228 -0.332 0.845

*p < 0.5 (statistical significance)

** p < 0.1 (statistical significance)

Light blue: the cells which show just the internal consistency of the measurement tool

Light green: the cells which show correlation between monomethod and the same trait.

Light pink: the cells which show correlations between heterotrait and monomethod cells (creativity or critical thinking
compared with each other and assessed by the same method).

Purple: the cells which show correlations between heterotrait - heteromethod cells.

Orange: the cells which show correlations between monotrait - heteromethod cells.

For the written test of critical thinking there was a very weak relationship with the written
tests of creativity (r = 0.25 and r = 0.2), but no relationship with the oral assessment of creativity
(r = - 0.04). The first two assessments might be slightly correlated because they use the same
method (written) as the reasoning items and it has been found that there is correlation between
assessments which use the same method independently of the construct (Coe, 2012). However, the
lack of relationship between the reasoning items and the oral assessment of creativity established
the discriminant validity between the assessments.

Moreover, discriminant validity between the oral assessment of critical thinking and
creativity measurement tools was reported (r = -0.36, r =- 0. 38 and r = - 0.33). Therefore, the
data from the English sample validated the critical thinking tools with both convergent and
discriminant validity.

The scores of the two written creativity tests were found with a sufficient linear relationship
to establish convergent validity both in Greece (r= 0.72) and in England (r = 0.48). Thus, as the
same side of a multifaceted construct is evaluated and the same method is used, correlation
between the tests can be expected.

The results of the two written assessments of creativity were found almost equally correlated
with the written assessment of critical thinking (r = 0.25 and r = 0.25) and the oral assessment of
creativity (r =0.16 and r = 0.23). However, as mentioned previously, there are examples of studies
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which demonstrate that the method by which students are assessed sometimes plays a more crucial
role than the construct on which they are assessed (Coe, 2012).

With reference to the oral assessment of creativity, there was validation of the assessment.
Convergent validity was found between the oral assessment of creativity and the two tests of
creativity (r = 0.16 and r =0.23). The convergent validity, however, was not supported by high
correlation between the creativity assessments. This is expected, because the oral assessment of
creativity did not examine the same aspects of creativity concept as the written assessment of
creativity. This finding confirmed that creativity characteristics vary within a person and no person
can have all the creative characteristics (Treffinger et al., 2002). In multi-faceted constructs like
creativity, convergent validity can be sought between assessments which evaluate the same aspects
of the construct.

Furthermore, discriminant validity was found since the oral assessment of creativity was not
correlated with the two critical thinking assessments (r = - 0.04 and r = - 0.33). The lack of
correlation between the performances of the students in the oral assessment of creativity and the
critical thinking tests suggested that they measure different concepts. Therefore, there was
discriminant validity which also supported the validation of the measurement tools of creativity
and critical thinking.

To conclude, the assessments in the multi-trait and multi-method matrix in England were
found to be valid concerning their convergent validity and discriminant validity. Consequently,
the replication of the study confirmed the findings of the initial study in Greece and supported with
even stronger evidence that critical thinking and creativity can be evaluated as general constructs
in a valid way.

5.3. Is critical thinking and creativity culture and knowledge dependent?

As it has been previously said, the purpose of collecting data from two different countries
was not their comparison. Besides, the sample was too small to enable such a comparison.
However, by replicating this study in two different schools in two different countries and by
perceiving critical thinking and creativity as general constructs and not subject-specific, it is
reasonable to question to what extent the performance of the students was culture and knowledge
dependent. For a deeper understanding of potential differences, there was an examination of the
recorded material of the oral assessments. This material gave access to the students’ thinking
process. In the narration of the fairy tale no significant cultural differences were identified. The
themes that emerged in the students’ stories were similar. Moreover, this task did not demand any
knowledge and thus knowledge did not appear to affect the performance of the students.

This was not the case with the relationship between knowledge and the evaluation of
arguments in critical thinking assessment. Some students were not critical because of the lack of
specific knowledge. Particularly, students were persuaded by an argument presenting results of a
one-day experiment. Being students in a secondary school and without research knowledge they
could not realise that results of one day experiment could not support generalisation. Therefore,
sometimes prior knowledge is required to be critical. This is in agreement with the ideas of some
of academics. For example, McPeck (1981, 1990) supports that critical thinking is subject-specific
and in order for somebody to be critical they should have knowledge of the topic. This stance
opposes Ennis’ whose definition and assessments have been broadly accepted by this research.
However, it should be recognised that it is valid to evaluate critical thinking as a high-order
thinking skill of a subject as the Bloom’s taxonomy would espouse (Krathwohl, 2002), when there
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are also knowledge requirements in the assessment. Nevertheless, as the findings of this research
suggested, critical thinking tests which do not require prior knowledge can be constructed.

No cultural differences were identified when the critical thinking performance of students in
England and Greece were compared. However, when one of the arguments in the oral assessment
of critical thinking discussed driving to work during rush hour, three students in Greece suggested
arriving to work slightly late in order to avoid rush hour traffic. This was not suggested by English
students. The sample was too small to lead to generalisation, but this might suggest some cultural
differences. Hence, critical thinking assessments could be biased because of cultural differences.

Finally, the arguments used in the oral assessment of critical thinking were adjusted in the
Greek language and context by also using a town familiar to the students. This adjustment aimed
to make the context more realistic and motivate some students. However, it confused other students
who became fixed on the real traffic problems of that specific town. Therefore, if the topic in the
critical thinking test is relevant to the daily life of the students, this may affect their judgment. The
students might adhere to the specific stimulus provided, which could restrict their judgment. This
is in line with what Lipman (2003) supported; critical thinking is -and should be - related to the
context.

6. LIMITATIONS

The two matrices in this research can only provide positive indicators for the validation of
the tools, because the research design had several limitations. Specifically, the sampling method
and the small number of participants do not allow generalisation of the conclusions about the
effectiveness of the assessment tools. However, the assessments were conducted by only one
researcher and it was infeasible to conduct more oral assessments (each of them lasted
approximately 30 minutes). It is suggested that future studies use a bigger sample.

Additionally, the tests had no consequences for the students, and their motive to complete
them was not examined. They may have merely guessed several of the questions as there were no
aftereffects. What is more, narrating a fairy tale may inadequately motivate teenagers, especially
boys. Some teenagers may feel in an inconvenient position when someone asks them to narrate a
fairy tale. Moreover, with solely one rater, interrater reliability could not be examined. In the oral
assessment halo effects may have been present to some extent which may have influenced marking
(Nisbett & Wilson, 1977). Finally, the tests were translated for implementation in Greece. Even
though back-translation took place, translation may still affect the results (Su & Parham, 2002).
For future researchers the replication of the research with a bigger sample is recommended. In both
matrices, the creativity tool ‘narrating a fairy tale’ used in the oral assessment found highly reliable
but not particularly correlated with any other test. This might be either because it evaluates
different aspects of creativity or because the gender or the age of the students influenced their
motivation and involvement in this task. In future research, it would be useful to pilot this tool
with students in primary school and attempt to examine the convergent validity with other
established creativity tests which evaluate the same aspect of creativity. Moreover, it is crucial for
the convergent validity of this test with linguistic ability tests to be examined. It might be the case
that this tool has high construct irrelevance by including general language ability since participants
have to express their thoughts and tell a story by not only demonstrating an isolated creativity skill.
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7. CONCLUSIONS

Critical thinking and creativity as general constructs can be measured. Most of the
assessments had moderate or high internal consistency. Furthermore, internal consistency was
found to be independent of the format of the tests, as one of the multiple-choice assessments was
found to be the least reliable.

By using convergent and discriminant validity for the tools’ validation, there was some
evidence that critical thinking and creativity tools which evaluate these constructs as general can
be valid. Discriminant validity between critical thinking and creativity tools was identified in
almost all of the instances in both countries’ data matrices.

The value of convergent validity between the assessments which measure the same
constructs in some of the cases has been low. However, this finding is justifiable because in some
cases even though both tests measured the same construct, they measured different aspects of the
same construct. Hence, if creativity and critical thinking are to be evaluated, the convergent
validity of the tests should be sought between tests which assess common sides of the construct.
The validation of the tools could not be achieved when the assessment tools measured different
sides of the same construct.

In a few cases, assessments using the same method were found highly correlated to each
other even though they measured different constructs. This suggests that the assessment method
can play a crucial role in the students’ performance in the thinking skills assessments.

As a final remark, since critical thinking and creativity are multi-faceted constructs, multi-
assessment is recommended, because students might perform well in an assessment which
measures one of the facets, but not in another which measures one of the other facets.
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Abstract: During instruction, providing feedbacks improves students’ academic ARTICLE HISTORY
achievements as well as motivates them to actively engage in lesson activities. Received: 21 March 2017
Feedback is very important for teaching. Feedback is not only a functional tool ) )
to provide active involvement of the students to the learning process but also ~ Revised: 28 July 2017
affects the academic success of the student. In this study, it is important to analyze Accepted: 14 August 2017
in-service mathematics teachers' opinions on feedback. This study is

conceptualized as a qualitative study. The data of this study included in-service

teachers’ responses to a semi-structured questionnaire, which created by the =~ KEYWORDS
researchers. In-service teachers’ responses to the interview questions were audio
taped and later transcribed verbatim to conduct a content analysis. Twelve
mathematics teachers working in 12 different schools in a central district of ~ Feedback, learning process,
Kirgehir voluntarily participated in the study during the 2015-2016 academic
year. The data of the study were obtained conducting face-to-face interviews with
the mathematics teachers. Teachers’ responses to the questionnaire items were
analyzed thematically and classified under the following seven headings: style of ~ Mathematical operations,
the feedback, scope of the feedback, principles of providing the feedback,

difficulties experienced when providing the feedback, reasons for providing

insufficient feedback, the benefits of the feedback, and the significance of the

feedback in learning. The results are presented in relation to the literature in the

area. Teachers agree that it is not possible to complete students’ gaps in

Mathematics with the courses offered in the collective education system. Based

on the findings some suggestions about the usage of feedback were provided.

Comprehensive feedback,

Mathematical
conceptualization,

1. INTRODUCTION

Feedback is an important external stimulus used by teachers to increase students' learning.
Teacher-student interaction develops through the meanings that students attribute to external
stimuli in teaching process. The feedback provided in the interaction process is significant when
it meets the learning needs of students, when it is used for creating a suitable learning
framework and when it is expressed as verbal and nonverbal stimuli that are appropriate for the
developmental levels of students (Looney, 2005). Feedback is a stimulus that provides
information which enables a student to focus on the problem area in a way that motivates his/her
next action, that gives an opportunity for him/her to question whether he/she has understood,
and that allows a student to evaluate both him/herself and his/her peers. Before giving feedback,
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the teacher must identify the mistakes that student has made during the learning process and
especially any misunderstandings, and must use observational and non-observational
techniques effectively to do this. The type of assessment that is most effective in this situation
Is formative assessment (Kahl, 2005). Feedback that is effective in learning and teaching
processes contributes positively towards education; however, it has negative impacts on a
student's learning if it is misused or used carelessly (Hattie and Timperley, 2007). The feedback
that takes place in all learning from the beginning of teaching period to the end forms the
backbone of the formative assessment of student. Feedback can be used in a planned way by
teachers in the teaching process, but sometimes it can also develop spontaneously. Planned
feedback is the most important element of formative assessment (Black and William, 1998;
Hattie and Timperley, 2007). From the student's perspective, feedback is a helpful stimulus that
Is used by student to verify, falsify what he/she did or to add to his/her knowledge and to provide
information about his/her performance and understanding. In the learning process, students
need such stimuli (Mory, 2004).

Teachers can use feedback in the teaching process through both open-ended and closed-
ended questions, as well as providing instant explanations, facilitative actions and words to be
learnt so that the student can complete his/her tasks. Feedback is also used for different purposes
to influence learning. Teachers use feedback to fill the gaps between the level required of the
student and the students’ actual performance, to make students’ learning more effective, to
correct students' misunderstandings, procedural mistakes and erroneous strategies used during
the learning-teaching process.

In formative assessment, feedback about the success of students plays an important role
in integrating the learning and teaching process, in ensuring that students understand what they
have learned, and in improving students' learning. The data obtained during the assessment
process give clear guidance about the students' development and the steps and decisions that
need to be made to progress to the next stage of the learning and teaching process.

Feedback not only has an effect on the academic achievement of student but is also
effective in maintaining the active participation of students in the learning process (Brookhart,
2011) and in keeping them motivated (Wigfield, Klauda &Cambria, 2008). For this reason, it
also influences students’ competency in learning. The classical sense of feedback is
communicating to students the knowledge of what corrections are necessary. However, in a
contemporary sense, it consists of the information that student needs to have to know what to
do next (Labuhn et al., 2010), the steps to be taken to improve his/her study skills incrementally
and everything else to improve his/her work (Black & William, 1998; Hattie & Timperley,
2007; Sadler, 1998). Clark and Dwyer (1998), Foote (1999), Warden (2000) and Zimmerman
and Martinez-Pons (1992) state that feedback is the most important source of information for
students in correcting misconceptions, forming knowledge, supporting their metacognitive
processes, improving their academic performance and increasing their motivation. According
to Hattie and Timberley (2007), the main purpose of feedback is to emphasize the disjunction
between students’ current understanding and performance and the learning objective; moreover,
it is one of the steps taken in order to encourage students to reduce this disagreement (Rakoczy,
Harks, Klieme, Blum & Hochweber, 2013). In this context, feedback from teachers and
students' peers is external guidance that explains how students can improve their performance
(Butler & Winne, 1995), how to perform the tasks which they are required to, and how to
monitor and evaluate students’ progress (Stone, 2000). Feedback can be defined as statements
or stimuli given to guide the student to the desired outcome.

When the research conducted in Turkey regarding teachers' feedback in the classroom is
examined, it can be listed chronologically as follows: Yunt (1992) revealed that the use of
feedback and correction together significantly increased overall marks. In the research



Beydogan

conducted by Saragaloglu, Evin-Gencel and Cengel (2011), high school teachers' competencies
during learning and teaching processes were examined from the teachers' and students'
viewpoints, and teachers found their in-class behaviors adequate; however, students were found
to have the opposite opinion. Sahin (2015) classified feedback as “explanatory”, “articulatory”,
“diagnostic” and “remedial” in his research investigating the opinions of prospective teachers
about the feedback applied in the learning and teaching process. In the study, it was determined
that teachers used “confirmatory” feedback from time to time and the other types more
frequently. In a study on the beliefs and behaviors of primary school mathematics teachers by
Kogce and Baki (2012), it was stated that teachers generally used feedback in the learning-
teaching process. However, they attributed different meanings to the concept of feedback.
Kogce and Baki (2012) also stated that primary school mathematics teachers gave feedback
according to students' personal characteristics as well as their performance and that some of the
teachers exhibited some negative behaviors when they gave feedback. Eraz and Oksiiz (2015)
investigated the impact of the feedback given by primary school teachers to their students
during extracurricular math activities on students' achievements and attitudes. In groups that
had been given feedback, students' achievement and positive attitude scores increased
significantly compared to the other group. Tiirkdogan and Baki (2012) studied feedback
techniques used by teachers by observing feedback about mistakes given by mathematics
teachers at secondary school level. In the above studies, the effect of the teachers' feedback on
the success and attitude of students, the types of feedback they used and the meanings they
attributed to feedback were emphasized. This research aims to reveal the definitions, principles
and approaches teachers use while they give feedback.

1.1. Feedback in Mathematics Teaching

To make mathematics topics that are perceived as abstract and difficult more easy, and to
make them understandable for students, the functioning of teaching-learning process must be
carefully observed. In general, it is crucial for teachers to interact with students in a
sophisticated manner, to give appropriate feedback and to take steps to make sure students
understand mathematical concepts and symbols from the beginning until the end of the teaching
process. In this regard, it is necessary to find realistic solutions for mathematics teaching
through monitoring the feedback teachers give and determining where it is deficient. In
mathematics, it is necessary for every student to be able to think, consider and express his/her
ideas using the mathematical symbols. For this reason, the every student’s achievement in
mathematics is linearly related to their ability to read, understand and apply mathematical
symbols.

In practice, every teacher is expected to show sensitivity in acquiring basic mathematical
skills. Teachers must use feedback primarily to promote cognitive interaction with their
students and guide them to the solutions to problems. Students need to get feedback to improve
their skills with every step they take and every calculation they make during the teaching of
mathematics. Such a process can only be achieved by maximizing the intensity of interaction
with students. During this process, teachers try to increase students’ level of learning and
preliminary knowledge, to develop appropriate teaching methods, to increase dialogue using
different question types, and to encourage students to improve their competency to predict,
analyze and interpret (Akyol, 2007). Feedback can thus be defined as the communication of
information that is provided in order to improve students’ learning and to alter their thoughts
and behaviors. Formative feedback includes not only the information given, but also, at the
same time, the processes and activities that will support the learning of the student.

In teaching mathematics, how students react, in terms of determining and correcting the
misconceptions formed during the acquisition of mathematical concepts, mistakes in process
steps, the completion of the process and the interpretation of processes are all of great
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importance. Mathematics teachers try to perfect the process through the feedback they use in
teaching-learning process. It is not possible for a student to learn mathematics in a process that
does not include feedback, because feedback forms the basis of mathematical thinking,
conceptualization and correction.

According to Santagata (2002), teachers’ feedback in teaching mathematics occurs
through correcting a student, giving hints/clues, repeating the question, asking for reasons,
giving hints to a different student, asking a question indirectly, choosing the correct answer,
requesting the correct answer from students, and finding the correct answer using the students’
attempts to answer the question. In the teaching process, teachers can help students gain
appropriate skills by determining the mistakes that have been made and by finding the correct
answer through these mistakes (crosschecking). In a classroom, students can gain meaningful
learning and skills through their mistakes (Nordstrom, Wendland & Williams, 1989). Cevikbas
and Argiin (2016) have determined that the types of feedback given by mathematics teachers to
wrong answers had both positive and negative effects on self-esteem.

In studies conducted abroad, Roschelle et al.(2010) investigated the effects of technology-
supported feedback on the mathematics learning of students in groups. While Labuhn,
Zimmerman & Hasselhorn (2010) focused on the impact of feedback on perceptions of self-
efficacy and the problem-solving performance of students, Naroth (2010) tried to determine the
effect of teacher's structured feedback on improving students’ mathematics learning. Carvalhoa,
Santosa, Conboya and Martinsa (2014) emphasized the role of teacher feedback in eliciting
perceptual differences among students in their research conducted with 179 students. Duhon,
House, Hastings, Poncy and Solomon (2015) investigated the contribution of feedback to
mathematics learning in terms of timing and explanatory features.

Feedback in the teaching-learning process can serve to help students understand
mathematics, to read mathematical symbols and to correlate processes correctly, if it meets
students’ needs. The effective use of the process of conceptualization, which forms the basis of
mathematics teaching, is something that directly affects the learning of the student. Teachers
usually give feedback during this process. The correct use and correlation of mathematical
symbols form the basis for students’ understanding of mathematical content and their cognitive
development.

As feedback has such an important function in students becoming mathematically
competent, this study aimed to determine how teachers perceive feedback, to investigate their
thoughts about feedback and behaviors when giving feedback thematically, and to evaluate
these in light of the current literature.

For this purpose, the question "What are the opinions of mathematics teachers about the
feedback they give in class?" was posed. An answer was sought to the following questions in
accordance with this problem statement.

1- In your opinion, what is the function of feedback in the teaching of mathematics?

2- What kind of approach do you follow when you give feedback during the teaching
process?

3- What kind of feedback do you generally give to students during the learning and
teaching process, and for which content?

4- Which basic principles do you use when you need to give feedback to students?

5- What are the difficulties in giving students feedback about mathematics?

6- What are the benefits for mathematics teachers of the feedback given in the teaching
process?
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2. METHOD

The qualitative research method was used in this study. Qualitative research can be
defined as a research process in which qualitative data collection methods such as observation,
interview and document analysis are used and a qualitative process is followed in order to reveal
facts and events in a natural and realistic way in a natural environment (Yildirnm & Simsek,
2008). The data of the study were obtained from voluntary face-to-face interviews with 12
mathematics teachers who had been working in mathematics teaching for five years or more at
secondary school level.

In the interview, a recording device was used to prevent data loss. Participants were
informed that a device would be used. It was stated that participants could listen to the
recordings at the end of the interviews, and, if necessary, the opinions expressed in the recording
could be removed partially or completely if requested. Thus any potential problems participants
may have had about being recorded were eliminated. Throughout the research, participants were
provided with an environment which made them feel comfortable and at ease and thus able to
express their views honestly. During the interview, participants were asked not to be influenced
by the researcher while answering the questions. In order to increase the reliability of the
research, teachers were asked to specify their role in the class. Individuals who were data
sources were clearly defined, and the social environments and processes formed in the research
process were also defined.

In the interview, six semi-structured questions developed by the researcher were
addressed to the participants and responses were recorded. Participants were asked to answer
again some questions asked in previous face-to-face interviews to check if they gave the same
answers. This was to try to ensure consistency in the information collected. Consistent
statements were included in the analysis. Interviews with the participants covered a period of
four weeks. Verbal explanations recorded in the interview were written down, assessed and
analyzed. The content obtained from the interview was thematically analyzed.

The study group consisted of 12 mathematics teachers with more than five years of
teaching experience working in 12 different schools in the central province of Turkey during
the 2015-2016 academic year and they participated in interviews voluntarily. Data obtained in
the interviews were recorded and then analyzed and written down. Results obtained were
correlated with data from literature, discussed and presented.

2.1. Analysis process

In the analysis of the opinions of the mathematics teachers, groupings were made
according to the similarity of the statements, teachers who had been consulted were given a
code number (e.g. K1, K2...) and explanations were given. Similar items in statements were
grouped together thematically and “themes” were named appropriately. Concepts that
constituted themes were grouped among themselves to ensure consistency, the themes were
evaluated for consistency alongside other themes, and tested to see whether they formed a
coherent whole. The suitability of the findings was compared with previous studies. Themes
were explained and interpreted by the deductive or inductive methods according to the situation.
The findings were reviewed by the participants and found to be realistic.

The consistency of the research findings with predictions made was taken as a basis. In
order to obtain external validity in the data obtained, details of the period of investigation from
the preparation of the data collection tool to the application and analysis phase were explained.
The attempt was made to determine the consistency of the findings with the practical realities
by comparing findings with the literature. The aim was to describe explanations in detail in
order to be able to test the research against other research. The participants (mathematics
teachers) were interviewed again and the findings were confirmed by being shared.
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3. FINDINGS

A number of themes were revealed in by the findings obtained in the research. Themes
were grouped under topics such as the “place of feedback in teaching”, “type of feedback”, the
“content of feedback”, the “principles of giving feedback”, “difficulties in giving feedback”
and the “benefits of feedback”. The following points stand out under the theme “feedback's
place in teaching”

Eliminating uncertainty K12
Combining old and new knowledge K11l
Providing enduring knowledge K1, K11
Reducing error K4
Facilitating understanding K7, K12

Feedback is external stimuli that teachers use to increase learning in their students during
the teaching process. Students interact and understand the appropriate meaning from these
external stimuli. Feedback provided during interaction is important if it meets the learning needs
of student, is used to make the learning frame appropriate and is expressed through verbal and
nonverbal stimuli that are appropriate for the level of development of the students (Looney,
2005). According to its function, feedback is stimuli that provides students with necessary
information, that allows the student to take action in the next required task, gives him/her the
opportunity to question whether he/she understands it or not, and allows him/her to evaluate
him/herself and his/her peers.

Teachers plan the learning process with their students and create teaching objectives.
They recognize the deficiencies and gaps that arise during students’ learning and give feedback
in a way that will remove these gaps. Teachers use different feedback strategies to fill the gaps
in students’ learning. Mathematics teachers were asked the open-ended question, "What, in
your opinion, is the function of feedback in mathematics teaching?" The responses of the
teachers are given below:

K12- Feedback is given to students to make them understand mathematics topics better. It is a
fact that a student asks the teacher a question and gets an answer whenever there is a
situation that confuses the student. Feedback helps to answer the student's questions. When
it is not given, a student cannot understand the topic fully, and when the topic is talked
about a week later, the student actually doesn’t have any idea anymore what it’s about. As
time goes on, it becomes increasingly difficult for the teacher to help that student.

K11- We give feedback especially after an exam to make a child combine old knowledge with
new knowledge. It is actually indispensable to give feedback. It is important to see whether
the behaviors they have learned are permanent or not and whether or not they 've gained
any new behaviors.

K1 - When a student does something wrong or something right, they’ll always remember it. If
they can remember something, those things are more valuable to them.

K4 - When we give feedback that illuminates the points that a student doesn’t understand, the
student makes use of them. The child doesn’t make the same mistake again.

K7 - We give as much explanation as necessary to prevent students from misunderstanding
mathematics topics, misinterpreting them, and getting the wrong answer. However, if the
student does not have an aptitude for numeracy, we can’t get the results we want.

Teachers stated that feedback provided during the teaching-learning process contributes
to a better understanding of mathematical content, integrates the students’ prior knowledge with
new knowledge, removes any uncertainties from students’ minds, increases the durability of
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learning, and contributes towards providing the knowledge and skills students need. The
following points stand out under the theme of “type of feedback”

Concentrating on the result K5
Demonstrating mistakes K5, K8
Benefitting from analogy K8

Using I language K8, K2
Asking questions together K11, K5, K7
One-to-one attention K12, K1

Reviewing the process and the result K12, K2, K5, K1

When messages are shared in an effective communication process, it is important for both
the student and the teacher to understand the content of the message correctly. The clarity of
the message is closely related to how feedback is given. The answers teachers gave to the
question "What kind of approach do you follow when you give feedback during the teaching
process?" are as follows:

K5 -

K8 -

K11-

K12-

K5 -

K7 -

K2 -

When | give an answer to student, | do not say "You did it wrong", | say "If you solve the
problem in this way, you get the wrong answer, but if you solve the problem in that way,
you can get the right answer.” Thus I give results-oriented feedback.

Instead of saying "This is not true, how could you do this? " I say "This part is correct, but
the restis wrong." | get the students to discuss it among themselves to find the right answer
through the wrong answer. It is good practice for students who make similar mistakes in
the class. Students don’t enjoy making mistakes, but do like correcting the mistakes and
discussing them in the classroom.

In mathematics, | prefer to give feedback to children individually, because the point at
which each student has a problem is different. Every student brings me his/her solution one
by one, and when | see the point where he/she has a problem | say, "Look, you need to look
again at that part of the solution.” This is more useful for child because I'm explaining
his/her mistake.

The student shouldn’t worry. For example, even if I have to tell some students three times,
and they say, "l can’t do this anymore", I push them and say, "Good job, try harder", which
reduces the pressure that they will fail. At other times, | say, "You see that you really have
to do this in this way, don’t you?" After that, child's attention on the course increases. In
short, the environment in which the feedback is given and the type of feedback given are
very important.

When giving feedback, you can humiliate the child or you can give him/her advice gently.
I think that if | give gentle advice the result will be better. You know the saying, "Kindness
opens every door.” I make the student focus on solving the problem by asking simple
questions. I try to meet the learning needs of students by providing hints to remind them of
the rules when it is necessary.

| assess the situation first, and when the answer the child has found overlaps with the
solution | ask, "How did you get this answer?" and | want the children to explain the
situation. If the student really did the right thing, | thank him/her in front of the other
students in the class. If he/she made a mistake, 1 make him/her solve the problem by
questioning it together.

Children solve problems in different ways. For example, I've just experienced it today, the
child had written the workings down differently, but the answer was the same, so there was
no difference. They may ask, "Teacher, can you look at this? | found the answer in a
different way?" | go and check it immediately, | respond to them instantly, they like this,
and their interest and engagement increase. In short, children want special attention.
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K2 -

K5 -

K5 -

K1 -
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During the exercise, | go to students and give feedback constantly, because they feel that |
am paying them attention when I go and check them.

Tuse body language. I don’t shout a lot. For example, when I make this hand gesture (when
I cross my hands over my chest), they all lean back. I don’t get angry and I give them the
explanation.

In the classroom, the ‘U’ table layout is very important. That is, children have to sit in a
U-shape, they have to see each other. If students in all classes sat in this layout, they would
monitor each other’s work, interact and learn from each other.

Students in the class sometimes don’t have many questions about how to solve a problem
so | guide them in their work. However, | can get feedback from the students when | make
them solve questions on the board.

The examination system should be completely changed. Students shouldn’t be prepared for
exams, they should learn the basic knowledge and skills, and activities for this should be
increased. Unfortunately, exam anxiety and pressure turn a mathematics teacher into
someone who only solves problems!..

Teachers agree that feedback given to students needs to focus on their learning needs.
They are aware of the fact that the student likes and enjoys this interaction and makes use of it,
if the student is shown where their answers are lacking, inaccurate and inadequate. They
emphasize the importance of organizing students' seating to ensure that feedback is given
directly and clearly and that multiple interactions are provided for. Teachers think that in math
courses, instead of the teacher being the only the person who is active and solves a problem,
he/she will succeed better in teaching mathematics by basing it on student-centered activities.
The following points come into prominence under the theme of feedback's content. The
following points stand out under the theme of “content of feedback”

Explaining, demonstrating and making students solve the problem K7, K5

Making students think K2
Using similarities and differences K5
Highlighting details K11l
Devotion K3

Teachers’ answers to the question "What kind of feedback do you generally give to
students in the learning and teaching process, and for which content?" are as follows:

K7 -

K2 -

K5 -

K83 -

| explain, demonstrate, solve the problem and give enough examples about the topic for the
student not to have any questions in his/her mind. If necessary, | solve extra problems or
let the student solve it him/herself. It is very difficult for children to learn math if we do not
do this.

If you make a child memorize mathematics, the child can’t do anything. Mathematics can’t
be memorized, the child needs to think a little abstractly. It is very important to associate
mathematical concepts with the correct meaning and appropriate symbols and internalize
them.

I think that it is necessary that a student not be confused in order for them to make the
correct inferences and find the correct solution. Incorrect processes and inferences result
in missing information or misconceptions in the child's mind. | show them how to solve a
problem in different ways if possible, and if necessary, | check it. | want students to try
similar ways. A student whose mind is not confused does not make mistakes, and does not
make wrong inferences.

How much information can you give to a student when his/her level is very low, that is,
when the basic skills are lacking? However much you explain the topic, he/she does not
understand because the child is not able to understand. At the same time, we don’t really
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focus on this, because if we focus on that child, maybe half an hour or an hour passes, and
if we spend time with that child, we ignore the other children.

This year, I'm teaching 5th grade math classes. In lessons, | give the solutions to all
exercises one by omne and answer the children’s questions. I don’t have any time
management problems because | have 5 hours of classes, 2 hours of an elective course, and
4 hours of other courses. | have the opportunity to answer each student's questions during
this time.

Mathematical subjects require abstract, reasoning and deduction due to their content. It is
clearly stated that this course cannot be taught through rote learning, and that students need
feedback about their activities to make up anything lacking. It is stated that teaching
mathematics involves a gradual process, progressing from concepts to processes. The teachers
emphasize that it is necessary to give comprehensive feedback in order to make up conceptual
and procedural deficiencies in the students’ knowledge. The following points stand out under
the theme “principles of behavior in giving feedback”

Bringing existing competencies to the forefront K8, K3

Starting with simple examples K4

Using | language K1, K11
Demonstrating mistakes K1, K7, K11
Using existing correct answers to motivate K3
Communicating individually K12

Time management K5

Teachers’ answers to the question "Which basic principles do you use when you need to
give feedback to students?" are as follows:

K8 -

K11-

K1 -

K7 -

K83 -

K12-

K5 -

If a part of student's answer is correct, bringing it to the forefront and saying "Well done,
look! You did this part correctly but the rest will not be like this, it will be like that"
increases the self-confidence of child.

| try to make the statements | make clear, and to demonstrate the answer to child calmly
and slowly for him/her to understand. | give simpler examples to the students with lower
levels and try to explain the example I give a little slower.

Saying "Why did you do it wrong? It is not like this, that way ..." sternly reduces success of
the student gradually.

When a student makes a mistake, I call him/her to the board to notice his/her mistakes, and
say "Look when you do this in this way, you make a mistake, but in the way you can find
the correct result”. After student finds the right solution under my control, | say “Solve
another one on your own.".

If student gives correct answer in some parts of the question, saying "These parts are
correct”, child's self-confidence increases and it is beneficial. That is why, I tell him/her
correct answers.

In correcting wrong behaviors or consolidating correct behaviors, the teacher must first
know the student with the student's name, surname, personality, something that he/she can
do and cannot do. If the teacher really knows his/her student, he/she must always make
student feel valuable. This improves the success, otherwise feedbacks are meaningless. It
is not enough for you to tell what you know. You should win that student’s heart. When you
do not know the student, you cannot kelp him/her saying "Hey boy or girl...". But if you
know his/her family, if you have family's phone number, in such a case you can make family
to get into situation immediately and you will be in dialogue with the family. So that student
says "l have no place to escape”.

Timing should be very appropriate when giving feedback.
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K4 - First, we need to measure a student's foreknowledge about the topic, in fact. If the student
does not have that preliminary information, you should give it to the child as a teacher.

Through the research studies carried out, it is necessary to reach a number of general
truths and conclusions from the knowledge, experience and observations obtained. When
teachers' opinions are examined in order to determine how well they are committed to the
principles when they give feedback, the emerging opinions are as follows: Teachers pay
attention to the need to know their students with different techniques. In order to encourage the
student, first they can talk about what they can do and their competencies, then talking about
the lack of knowledge will empower the student balancing him/her emotionally and build self-
confidence. In doing so, they have a common view that a soft style involving "I language"
should be adopted instead of using hard, accusative language. It is emphasized that students
should be prepared to learning, that feedbacks should be chosen according to the level of student
and should be presented with concrete examples and it should be committed to the general
learning principles. The following points come into prominence under the theme of difficulties
in feedback

Lack of foreknowledge K11, K1
Not lowering him/herself to the level of students K11, K1, K8
Not sparing time for student K11, K10
Having difficulties in perception, understanding and solution K9, K1
Hyperactivity and resisting to learning K1, K8
Content intensity K12

In teaching-learning process, teachers' opinions about "difficulties in giving feedback to
student about mathematics™ are as follows:

K5 - | have difficulty in responding to students when there is a lack of foreknowledge about the
topic.

K9 - Feedback depends on student's level, students who have a good level receive feedback,
especially students in middle level respond and receive feedback. It is very difficult to
establish that interaction with low-level students.

K10 - It is very difficult to give feedback to every student in the class because the number of
students in our classes is very high and the interest in some of our students is very low.
Each child must first perceive the question and then answer. We can help him/her at some
point that he/she cannot solve. But the child already does not want to solve the question
and he/she also resists. It is not possible to give feedback at this point. If you give something
to child, you can reach a result. So you interact mutually. There is no result obtained from
one-way interaction.

K1 - Students are active, constantly hustling inside and out, and bickering with each. | mean it
doesn't zone out for them whether they are talking to each other, making an explanation
about a problem, or making friendship with each other. They convert the act of learning
something with a feedback given to a group into an act of resistance. They utilize the
opportunity of saying "look, he couldn't do it" or "he couldn't solve the problem again"
whenever they have a chance.

K11 - If the basis of education of the students is weak, they cannot understand the topic even if |
explain too many times and simplify it. For these students it is necessary to go back 3 or 4
years. But unfortunately it is not that easy; it is really difficult. For example, some students
from the 5th grade are actually at the 1st or 2nd grade. | am aware that they also have
difficulty ... I am trying to overcome this problem with them by asking a successful student
to explain a topic to one of his friends. This duty is beneficial for the successful student,
because he grabs a chance to consolidate his knowledge. It is also beneficial for the other
student, because | don't have a chance to spare enough time for each student. | try to
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overcome this problem by giving such a duty to an older sister or brother, or by talking
with parents.

I have a difficulty in giving enough feedback to students. Because there are so many topics
they have to learn, and | have to finish the curriculum. | have to explain the topics one
more time before the pilot exams are done. We work in an environment of a big competition.
The school is one of the most successful schools in the city. The administrator knows that
my class has a success rate of 94%. If the success rate of my class drops from 94% to 92%,
he says that success of my class has fallen and that | am responsible for it. Instead of giving
detailed feedback to each student, I try to save both time and success by giving feedback
processionally. At the same time, | show my students some of their behaviors. They bear
fruit by realizing their mistakes and seeing the correct behaviors from their teacher.

For the relationship between the sender and the receiver to be healthy, you have to know
when and how much message the receiver can receive. Learning new information is not
possible for students without learning the basic information they need to learn in
subclasses. Because of this, | sometimes lower the level of feedbacks. At this time, while
acting so, other students in the class make fun of that student, or a communication gap
occurs in that class. For example, | ask a simple, basic knowledge to one side of the
classroom, but children who have basic knowledge on the other side react to children who
do not. They say "Come on, don't you know this?", and as a result of it, the students who
cannot understand the topic turn in on themselves. And thus, it becomes more difficult to
receive feedback from those students.

It is not possible to be able to focus on the student with low level too much. We can pay
attention in our leisure time or break time.

Mathematics teachers are found to have difficulties when giving feedback because of
weakness of students' readiness on mathematics, lack of foreknowledge, low levels of learning,
fear of failure and lack of self-confidence due to content intensity and abstractness of
mathematics topics, high number of students in classes and not allow enough time for each
student. The following points come into prominence under the theme of benefits of feedback.

Recognition K9, K2, K7, K5
Increase in attention K9

Positive attitude K8, K7
Self-confidence K9

Self-control K5

Answers of teachers to the question of “What are the benefits of feedback given in
teaching process for mathematics teachers?" are as follows:

K9 -1t is important to give feedback to the students, because when the student individually
understands the correctness or wrongness of the result, the student notices that, the teacher
pays attention to me. The interest of the student increases.

K2 - 1t is important to give individual feedback to the students. When | see something that the
child asks, | say "Look at it carefully". It is more useful for that child to talk directly to his/her
mistake.

K8 - Feedback is very useful in terms of participation of students in other courses, self-confidence,
approach to the course and teacher. We must give feedback to the student making student
notice his/her mistakes and rights.

K5 - When we give feedback to the students, we control ourselves first of all. So, knowing what
we give in courses, how much we give, how much student understands, which points are not
understood is a chance to focus on the topic again.

K7 - Feedback helps the student understand the topic completely. It removes the remaining
guestion marks from students' minds.
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K2 - Where did he/she make a mistake? What is the source of this error? What if he/she does not
know the addition, subtraction, multiplication and division processes in mathematics? Does
not he/she know the formula? Did he/she ever understand? These are very important to us.
Because the feedback is a key for us.

Teachers think that it is more correct to see how much the student understands the topic
explained, to repeat the things they do not understand, and to tell the students' deficiencies
directly to the face of students. Teachers agree that feedback is useful both in their own
evaluations as teachers, forming self-confidence in students, making students participate in
teaching, and ensuring students to focus on learning.

4. DISCUSSION AND CONCLUSION

In the interviews with mathematics teachers, the structure of the feedback they gave in
the class was studied and investigated thematically. Themes were grouped under topics: the
place of feedback in teaching, the type of feedback given, the content of the feedback, principles
of behavior when giving feedback, difficulties in giving feedback and the benefits of feedback.

With reference to the opinions of teachers participating in the study, the place of feedback
in teaching was evaluated under the headings “removing uncertainty in learning”, “combining
old knowledge with new”, “providing enduring knowledge”, “reducing errors” and “facilitating
understanding”. In terms of the place of feedback in teaching, the majority of teachers were
consciously concerned about not giving comprehensive and appropriate feedback to their
students. They tried to explain these concerns with reasons such as having large classes and the
low level of basic knowledge of the students. In mathematics teaching, a teacher gives feedback
by correcting mistakes, giving hints, repeating the question, asking for explanations, giving
more hints to different students, asking the question indirectly again, requesting the correct
answer from students and finding the correct answer using the students’ attempts (Santagata,
2002). In some cases, teachers also help students gain meaningful learning and skills in the
classroom by using their students' mistakes (Nordstrom, Wendland & Williams, 1989). Kogce
and Baki (2012) found that primary school mathematics teachers give feedback according to
the students' personality as well as performances. In addition, Eraz and Oksiiz (2015) found in
their research that scores for student achievement and positive attitude were significantly higher
in the groups that received feedback.

The mathematics teachers here stated that they gave feedback that was adequate for each
student's needs. Sahin (2015) revealed that teachers frequently use feedback to attract a student's
attention, to motivate them, to inform them about the goal, to give hints, and to encourage
required behaviors.

In terms of the theme of the “type of feedback given”, the mathematics teachers'
statements were about making students concentrate on the result, demonstrating mistakes, using
analogy, using | language, asking questions together, one-to-one attention and guiding the
process and the result.

It seems that the teachers here made an effort to determine why they gave feedback and
what the problems were. It is very useful for teachers to ask simple questions to find out if
students know the topic, to remind them about the rules for solving the problem, to give hints
about the solution and to meet their learning needs. When a teacher sees a conclusion that is in
conflict with how the problem should be solved, he/she can ask how this situation emerged and
can ask student to explain the situation. In this way, students can gain the ability to think and
experience things deeply and gain the ability to re-focus. Mathematical thinking is a process
that requires intense cognitive activity. In the process of cognitive learning, feedback is
necessary to remove any contradiction in students’ thinking. It is necessary for the teacher to
use more than one method and technique to solve problems and for them to get students to use
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different techniques to find a solution, so they can reflect on this and learn. The results of this
research correspond to conclusions of Tiirkdogan and Baki (2012) about feedback given by
teachers about mistakes. The feedback that teachers give in this way is significant.

With regard to the theme of the “content of feedback”, teachers focused on the necessities
of explaining, demonstrating and making students solve the problem, thinking about the
problem, using similarities and contrasts in problem-solving, emphasizing details and sparing
time for each student. It can be understood from the answers the teachers gave that they are
conceptually confused about the content of feedback. Some teachers perceive feedback as
answering the question, some of them perceive it as a guide to facilitate the learning of student,
or only in terms of body language.

Reminding students of the mathematical concepts and procedures that the student has
learned before when he/she makes a mistake, and giving them stimuli which enable them to
make new inferences can be seen as an effective way of giving feedback. Essentially, making
students feel or recognize that they have made a mistake in some topics is the most effective
way to give feedback, because intuitive-based learning has the property of encouraging intrinsic
motivation and effort.

Associating concepts that have similar features, linking processes and problems with
topics previously learned in order to make inferences about results may be effective feedback
techniques for some students. This process must be supported by what the student does. In this
case, the teacher may help the student to recreate the problem in a way that enables the student
to internalize the process. If the student indicates that he/she understands the topic, but
continues to do the wrong thing, the teacher can try to find a solution by making gradual
transitions from solving a simple problem to solving a complex problem by simplifying the
question. In solving complex problems, the teacher can try to teach by dividing the problem
into smaller, but still meaningful parts. The main aim is that the student can answer the question
on his/her own. When stimuli are given to encourage students to progress correctly at their own
pace, students who continue to make mistakes can be provided with solutions to similar
questions that are easier to understand, and it can be ensured that the student understands the
logic of the process and can make meaningful associations.

With regard to the theme of “principles of behavior in feedback”, teachers' opinions were
focused on bringing existing competencies into the forefront, starting with simple examples,
using | language, demonstrating mistakes, using existing correct answers to motivate,
communicating individually and time management. Every reaction given to students must be
time-limited but consistent. This limit and consistency need to take students’ individual
differences into account. In a collective education system, extra explanatory feedback should
not be given to only one student, while others do not receive any, or receive more limited
feedback.

In mathematics teaching, the teacher is expected to start the topic from the place agreed,
to continue teaching, to follow strategies based on integrating what students understand and
what they will learn. It is necessary for the teacher to wait for the student to explain the answer
if the student knows the answer but also thinks that he/she has done it wrong, and for the teacher
to get the student to repeat how they have worked it out to see if this is the case. Mathematics
teaching requires patience and the management of students’ thinking. However, in some cases,
it can turn into a major problem for the teacher if they do not have enough time to give feedback,
if teaching is unplanned, if the content is too intensive, and if the students are not ready.

With regard to the theme of “difficulties in giving feedback”, teachers focused on lack of
previous knowledge, not being able to match the level of students, not having enough time for
students, having difficulties in perceiving, understanding and solving problems, students’
hyperactivity and resistance to learning and the intensity of the content. In the context of the
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difficulties experienced in feedback, it is revealed that serious problems are being experienced,
which originate from teachers, students, the topics and the system of teaching.

The fact that mathematics is abstract and the fact that the topics taught are not as concrete
as others demand that the teachers give clear, understandable, comprehensive and explanatory
feedback. Since mathematics is a field entirely based on symbols, which require a conceptual
model and processes closely related to this, it is necessary to try to make the mathematical
concepts that are the basis of these symbols meaningful when teachers first begin teaching
topics.

The findings obtained in this study show that the teachers are both highly sensitive and
also very positive about how feedback functions. However, the student's level of readiness, past
experiences, interaction with classmates and being in a competitive environment instead of a
solitary environment seem to be factors that increase difficulties in motivating students. This
makes it difficult for the teacher to provide adequate and comprehensive feedback, to give
feedback on the basis of the students’ performance, and to give feedback in an ordered way.
The fact that the classes are overcrowded, the lack of a physical setting or equipment suitable
for multiple interactions, the intensity of mathematics content, the fact that this content
sometimes does not fit into the curriculum and the lack of time for the mathematics course all
limit the possibility of giving comprehensive feedback to students.

It is difficult to identify the learning deficiencies that occur in the students in
environments where the teacher is the guide but the students are not able express themselves.
Giving oral explanations to students who lack conceptual knowledge and reminding them of
rules do not by themselves make feedback effective. For students with inadequate knowledge
of procedures, explanations about the correct use of symbols or where and how the concept is
used in everyday life are not enough to fill in what they lack. Teachers should give the feedback
in a manner that complements the teaching process according to the type of information that
the students need, the process, the time available, and the concrete realities of daily life. A
mathematics teacher who wants to teach successfully needs to know his/her students’ level of
readiness, motivation, personal characteristics, expectations, habits and attitudes before giving
feedback. It is not possible to wait for a student who is not aware of the knowledge they lack to
acquire it. Feedback given by teachers in the teaching-learning process should serve to give
students awareness of their own deficiencies, their mistakes and their own areas for
improvement. If feedback is comprehensive, specific and principles-based and increases
interaction, it can contribute to this during the teaching process. Within this context,
mathematics teachers

- should take a multi-faceted approach to the characteristics of their students and try to
give appropriate feedback according to their individual differences.

- should give corrective feedback using the methods that enrich the thinking process such
as thesis-antithesis, going from rule to example and deduction-induction, consolidate
the correct actions of the students and correct mistakes by using them as an opportunity
for improvement.

- should first give concrete examples to make students understand and internalize those
mathematical concepts that constitute the basis for each new topic taught to students.

- should closely follow the learning process of their students and determine what kind of
deficiencies they have in what areas and give complementary feedback.

- should use reinforcing, supporting and directing feedback in learning environments
where students can participate more effectively and express their ideas better.

It is easier for teachers to identify what a student has in his/her mind and give appropriate
feedback in a learning environment where the student is active and explains his/her ideas.
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Teachers should also try to use feedback at the beginning of their teaching to determine what
misconceptions their students have about mathematics, to amend any deficiencies and to
eradicate their students’ mistakes after the solution and answers to a question have been
examined.
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Ozet: Ogretim siirecinde doniit, 6grencilerin akademik basarisimi arttiran ve©”©”~ MAKALE SURECI
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ir yeri vardir. Doniit 6grencilerin sadece 6grenme siirecine aktif katilimin

saglayan islevsel bir uyaran degil; ayn1 zamanda akademik basarilarini da Diizeltme: 28 Temmuz 2017

etkileyen bir aractir. Bu aragtirmada matematik 6gretmenlerinin doniit verme Kabul: 14 Agustos 2017

konusundaki goriisleri incelenmistir. Calismada icerik analizi ydntemi

kullanilmistir. Caligmanin verileri aragtirmacilar tarafindan olusturulan yari

yapilandirilmis sorular ile yapilan goriigme teknigi ile elde edilmistir. Goriisme ~ ANAHTAR KELIMELER

sorularina dgretmenlerin verdikleri yanitlar kaydedilip, icerik analizi yapilmustir.

Arastirmanin ¢alisma grubunu 2015-2016 6gretim yilinda merkez ilcede 12 ayr1

okulda gorev yapan 12 matematik 6gretmeni olusturmustur. Veriler matematik ]

dgretmenleriyle yiiz yiize goriisiilerek elde edilmistir. Tematik olarak incelenen Matematiksel

Ogretmen goriisleri, doniitte tarz, doniitte kapsam, doniitte ilke, doniitte yasanan kavramlastirma,

gicliikler, doniitte yetersizligin kaynaklari, doniitiin faydalari, doniitiin Matematiksel islemler.

ogrenmedeki yeri temalari altinda toplanmistir. Sonuglar d6gretmenlerin, toplu

Ogretim sistemi icinde sunulan derslerde Ogrencilerin matematik alanindaki

bosluklarini doldurmanin miimkiin olamayacagi seklindedir. Elde edilen sonuglar

alan yazindaki verilerle iligkilendirilerek tartisilmistir. Elde edilen bulgular

cercevesinde bazi oneriler getirilmistir.

Déniit, kapsaml déniit,
Ogrenme siireci,

1. GIRIS

Doniit, 6grencilerde 6grenmeyi artirmak amaciyla 6gretmenlerin kullandig1 6nemli digsal
uyaranlardir. Ogretim siirecinde digsal uyaranlara dgrencilerin yiikledigi anlamlar sayesinde,
Ogretmen-6grenci etkilesimi gerceklesmektedir. Etkilesim siirecinde verilen donditler,
Ogrencinin 6grenme gereksinimlerini karsiladigi; 6grenme ¢ergevesini uygun hale getirmek icin
kullandig1, 6grencilerin gelisim seviyelerine uygun olan sozel ve sozel olmayan uyaranlar
haline getirildiginde anlam kazanmaktadir (Looney, 2005). Islevi geregi déniit, dgrencinin,
problem alanina odaklanmas: i¢in etkilesim bilgisi saglayan, bir sonraki islem i¢in harekete
geciren, anlayip anlamadigimi sorgulamasina firsat veren, kendisini ve akranlarim
degerlendirmesine hizmet eden uyaranlardir. Ogretmen doniit vermeden dnce &grencinin
O0grenmesi esnasinda yaptigl yanlislari, 6zellikle kavram yanilgilarin1 belirlemesi ve bunlari
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belirlerken gozlem ve gozlem disi teknikleri etkin kullanmasi gerekir. Bu durumun en etkin
kullanildig1 degerlendirme tiirli, bi¢cimlendirme yetistirmeye dayali degerlendirmedir (Kahl,
2005). Ogrenme ve dgretme siirecinde etkili olan déniitlerin dgretime pozitif katkilar1 olmakla
birlikte dikkatsiz ve yanlis kullanildiginda da 6grenci 6grenmeleri {izerinde negatif etkiler
olusturmaktadir(Hattie & Timperley, 2007). Ogretim siirecinin basindan sonuna kadar biitiin
stireclerde yer alan doniitler, 6grencinin bigimlendirilip yetistirilmesinde degerlendirmenin bel
kemigini olusturmaktadir. Doniitler, 6gretim siirecinde 6gretmenler tarafindan planl bir seklide
kullanilabildigi gibi, zaman zaman kendiliginden dogaglama bir sekilde de gergeklesebilir.
Planh olarak verilen doniitler, bi¢imlendirici degerlendirmenin en 6nemli 6gesidir (Black &
William, 1998; Hattie & Timperley, 2007). Déniitler 6grencinin bakis agisiyla incelendiginde,
Ogrencinin kendi yaptiklarint dogruladigi, yanlisladigi veya onbilgisini degistirmek amaciyla
kullandig1, performansi ve anlayis1 hakkinda bilgi edindigi yardimeci uyaranlardir. Ogrenme
stirecinde 6grencinin bu tiir uyaranlara gereksinimi vardir (Mory, 2004).

Ogretmenler, ogretim siirecinde doniitleri, agik ve kapali uclu sorular seklinde
kullanabildigi gibi, 6grencinin yerine getirmesi gereken gorev ve sorumluluklar1 yerine
getirmek i¢in anlik agiklamalar, 6grenmeyi kolaylastirict eylem ve sozler seklinde de
gerceklestirebilmektedirler. Doniitler farklt amaglarla, Ogrenmeyi etkilemek icinde
kullanilmaktadir. Ogretmenler, 6grencilerde gergeklestirilmesi ongériilen diizey ile 6grencinin
gosterdigi performansi arasindaki boslugu doldurmak veya gidermek; 6grencilerin 6grenme
cabasin1 daha etkili hale getirmek; Ogrenme-Ogretme siirecinde Ogrencilerin yanlig
anlamalarini, islem yanliglarii ve kullandiklar strateji yanlhiglarini diizeltmek ic¢in doniitii ise
kosmaktadirlar.

Bi¢imlendirme yetistirmeye yonelik degerlendirmede 6grencilerin basarisi hakkinda
alman geri doniitler, O0gretmen acisindan Ogrenme Ogretme siirecini biitiinlestirilmesi,
ogrencilerin 6grendiklerini anlamasi ve dgrencilerde 6grenmenin iyilestirilmesi noktasindan
onemli rol oynar. Degerlendirme siirecinde elde edilen veriler, 6grencilerdeki gelisimi ortaya
koymakta, 6grenme ve d6gretme siirecinde bir sonraki asamada atilacak adimlari, konu hakkinda
alinacak karalar1 olusturmada acik ipuclari verir.

Déoniitler, 6grencinin sadece akademik basarisini degil, ayni zamanda &grencinin
O0grenme siirecine etkin katilmimi saglamada (Brookhart, 2011) ve motivasyonunu
stirdiirmesinde etkin bir aragtir (Wigfield, Klauda & Cambria, 2008). Bu nedenle 6grencinin
o0grenmeyi diizenleme yeterligini de etkilemektedir. Klasik anlamda doniit, 6grenciye disaridan
saglanan diizeltme bilgisi olarak tanimlansa da, ¢cagdas anlamda doniit 6grencinin ne yapacagi
ile ilgili bilgisini (Labuhn et al., 2010) calismasini adim adim iyilestirmesi igin atacagi adimlart
ve ¢alismalarinin iyilesmesi i¢in gereksinim duydugu her seyi icermektedir (Black & William,
1998; Hattie & Timperley, 2007; Sadler, 1998). Clark and Dwyer (1998), Foote (1999), Warden
(2000), Zimmerman and Martinez-Pons (1992) doniitiin 6grencilerin kavram yanilgilarini
diizeltmeleri, bilgiyi zihinlerinde olusturmalari, {ist-bilissel siireclerini desteklemeleri,
akademik performanslarini gelistirmeleri ve motivasyonlarini artirmalar1 noktasinda yardim
eden en dnemli bilgi kaynagi oldugunu ifade etmektedir. Hattie ve Timberley (2007) gore
doniitiin esas amaci, 6grencinin hali hazirdaki anlayis ve performans: ile 6grenme hedefi
arasindaki uyusmazlhigin vurgulanmasi; bu uyusmazlifin azaltilmasi i¢in Ogrencileri
cesaretlendirilmes1 amaciyla atilan adimlardir (Rakoczy, Harks, Klieme, Blum & Hochweber,
2013). Bu baglamda ogretmen ve oOgrencinin akranlarindan gelen doniitler, 6grencide
performansini nasil gelistirilecegi (Butler & Winne,1995), sorumlu oldugu goérevi nasil yerine
getirecegi, 6grencinin gelismelerini nasil gozleyip degerlendirecegi konusunda bilgi veren
digsal yonlendirmelerdir (Stone, 2000). Doniit, 6grencinin hedeflenen duruma yonlendirilmesi
icin verilen aciklamalar veya uyaranlar olarak tanimlanabilir.
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Ogretmenlerin simf i¢i doniit diizeltme davramslariyla ilgili Tiirkiye’de yapilan
arastirmalar incelendiginde, yapilis yillar itibariyle arastirmalar sdyle siralanabilir: Yunt, 1992;
doniit ve diizeltme etkenlerinin birlikte ise kosulmasinin genel erisiyi 6nemli derecede
yiikselttigini ortaya koymustur. Saracaloglu, Evin-Gencel ve Cengel (2011) tarafindan yapilan
arastirmada, 6gretmen ve 6grenci goriislerine gore lise 6gretmenlerinin 6grenme ve dgretme
siireci i¢indeki yeterlilikleri ele alinmig, Ogretmenlerin sinif i¢i davranislari konusunda
kendilerini yeterli gordiikleri halde 6grencilerin bunun tersi bir goriiste olduklar1 tespit
edilmistir. Sahin (2015), 6gretmen adaylarinin 6grenme ve dgretme siirecinde uygulanan doniit
etkinligi ile ilgili goriislerini inceledigi arastirmasinda doniitii, aciklayici, eklemleyici, teshis
edici ve diizeltici doniitler olarak siniflandirmistir. Arastirmada 6gretmenlerin teyit edici doniitii
ara sira, digerlerini ise siklikla kullandiklar1 belirlenmistir. Kogce ve Baki (2012) tarafindan
ilkdgretim matematik 6gretmenlerinin inan¢ ve davraniglari {izerine yapilan bir aragtirmada
Ogretmenlerin  0grenme-Ogretme siirecinde doniite genel olarak yer verdigi, ancak
ogretmenlerin doniit kavramina birbirinden farkli anlamlar yiikledigi belirtilmistir. Kdgce ve
Baki (2012), ilkogretim matematik Ogretmenlerinin doniitii, Ogrencilerin gosterdigi
performanslarinin yaninda kisilik 6zelliklerine yonelikde bazi dgretmenlerin doniit verirken
olumsuz davramislar sergiledikleri belirtilmistir. Eraz ve Oksiiz (2015) yaptiklar1 arastirmada,
siif 6gretmenlerinin ders digt matematik etkinliklerinde verdikleri doniitlerin 6grencilerin
basar1 ve tutumlarina etkisini incelemistir. Doniit verilen gruplarda 6grenci basaris1 ve olumlu
tutum puanlariin diger gruba gore anlaml sekilde yiikseldigini ortaya koymustur. Tiirkdogan
ve Baki (2012) de yaptiklar1 bir c¢alismada, ilkdgretim ikinci kademe matematik
ogretmenlerinin yanhslara yonelik verdikleri doniitleri gozlemleyerek, Ogretmenlerin
kullandiklar1 doniit tekniklerini incelemislerdir. Yukaridaki ¢alismalarda 6gretmenlerin doniit
vermesinin 0grenci basarisina etkisi, kullandiklar1 doniit tiirleri, doniite yiikledikleri anlam,
Ogrenci basaris1 ve tutumuna etkisi lizerinde durulmustur. Bu arastirmada, dgretmenlerin
ogrencilere doniit verirken, nasil bir anlayis, ilke ve yaklasimla doniit verdiklerinin ortaya
konmasi amaglanmistir.

1.1. Matematik Ogretiminde Doniit

Ogrenciler tarafindan soyut ve 6grenilmesi zor olarak algilanan matematik konularmin
kolaylastirilmasi, 6grenciler tarafinda anlasilir hale getirilmesi i¢in 6gretme-6grenme siirecinin
isleyis bi¢iminin dikkatlice gozlenmesi gerekir. Genel olarak Ogrenilenlerin anlagilir hale
gelmesi i¢in 6gretmenlerin, 6gretimin basinda sonuna kadar 6grencileriyle ¢cok yonlii etkilesime
girmesi, uygun doniitler vermesi, matematiksel kavramlarin dogru anlasilmasina ve
sembollestirilmesine yonelik atacaklari adimlar, 6grenciler agisindan son derece onemlidir.
Matematik oOgretiminde Ogretmen doOniitlerinin bu baglamda izlenmesi ve eksiklerin
belirlenmesi yoluyla gergeke¢i ¢oziimler iiretilmesi bir gereksinim olarak ortaya ¢ikmaktadir.
Matematik Ogretiminde her oOgrencinin, diisiinme, muhakeme etme, diisiindiiklerini
matematiksel sembollerle ifade edip disar1 vurmasi bir zorunluluk olarak ortaya ¢ikmaktadir.
Bu nedenle matematik 6gretiminde her 6grencinin basarisi, matematiksel sembolleri okuma,
anlama ve uygulama yeterligi ile dogrusal iliskilidir.

Uygulamada her 6gretmenden, matematikle ilgili temel becerilerin kazandirilmasinda
duyarlilik gdstermesi beklenir. Ogretmenler, 6ncelikli olarak dgrencileriyle bilissel etkilesimi
saglamak, onlar1 sorunun sebep ve sonucuna yoOnlendirmek igin doniitii kullanmak
zorundadirlar. Ogrencilerde matematik konularmi 6grenirken attiklar her adimda ve yaptiklari
her islemde becerilerini iyilestirmek i¢in doniit alma gereksinimi duyarlar. Boyle bir siireci
Ogretmen, ancak oOgrencileriyle etkilesim yogunlugunu en ist diizeye ¢ikararak
gerceklestirebilir. Bunu yaparken, 6grencilerin 6grenme seviyelerini ve 6n bilgilerini esas
almak, uygun 6gretim metotlar1 gelistirip, farkli soru tipleri ile diyalogu artirmak, onlarin
tahmin etme, analiz etme ve yorumlama yeterliklerini tesvik etme yollarini deneyebilirler
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(Akyol, 2007). Bu 6zelligi ile doniit, 6grencinin 6grenmesini iyilestirmesi, diisiincelerini ve
davraniglarin1  degistirmesi amaciyla saglanan iletisim bilgisi olarak tanimlanabilir.
Bic¢imlendirici doniit 6grenciye sadece verilen bilgiyle degil, ayn1 zamanda Ogrencinin
ogrenmesini destekleyecek siire¢ ve aktiviteleri igermektedir.

Matematik Ogretiminde, matematiksel kavramlarin kazandirilmasi sirasinda olusan
kavram yanilgilari, islem basamaklari, iglemin tamamlanmasi ve islemlerin yorumlanmasi
sirasinda  yanliglarin  belirlenerek  diizeltilmesine yoOnelik tepkilerin  niteligi 6nem
kazanmaktadir. Matematik 6gretmenleri, 6gretme-6grenme siirecine yerlestirdikleri doniitlerle
siireci eksiksiz tamamlamaya caligirlar. Doniitiin olmadigi bir siiregte 6grencinin matematik
konularin1 6grenmesi miimkiin degildir. Ciinkii doniitler, matematiksel diisiinmenin ve
kavramlastrimanin, dogru islem yapmanin omurgasini olusturmaktadir.

Santagata’ya (2002) goére matematik Ogretim silirecinde Ogretmenlerin doniitleri;
Diizeltme, ipucu verme, soruyu tekrarlama, nedenini sorma, bagka dgrenciye ipucu verme,
soruyu dolayli olarak tekrar sorma, dogru cevabi se¢cme, siniftan dogru cevabi isteme,
ogrencilerin girisimi ile dogru cevabi ortaya ¢gikarma seklinde gerceklesmektedir. Ogretim
stirecinde genellikle 6gretmenler, matematik 6gretiminde yanlislar1 tespit ederek, yanlislardan
hareketle dogruyu bulma (saglama yapma) yontemi ile Ogrencilere uygun beceriler
kazandirabilir. Siif iginde Ogrencilerin yanlislarindan hareketle anlamli 6grenmeler ve
beceriler kazandirabilirler (Nordstrom, Wendland and Williams, 1989). Cevikbas ve Argiin
(2016) yaptiklar1 ¢aligmada, matematik dgretmenlerinin yanlis cevaplara verdikleri doniit
tirlerinin 6z saygi tlizerinde hem olumlu hem de olumsuz etkilerinin bulundugunu
belirlemislerdir.

Yurt disinda yapilan ¢alismalarda ise Roschelle Rafanan, Bhanot, Estrella, Penuel,
Nussbaum, Claro, (2010), yaptiklari arastirmada teknolojik destekli doniit verilen grup
calismalarinin 6grencilerin matematik dgrenmeleri lizerine etkisini arastirmislardir. Labuhn,
Zimmerman ve Hasselhorn (2010) o6grencilerin 6zyeterlik algilart ve problem ¢ozme
performanslarinin {izerine doniitiin etkisi lizerinde dururken; Naroth, (2010) yapilandirilmis
ogretmen doniitiinliin 6grencilerin matematik 6grenme performaslariin artirilmasi lizerine
etkisini belirlemeye calismistir. Carvalhoa, Santosa, Conboya and Martinsa (2014) 179 6grenci
tizerinde yaptiklar1 bir arastirmada 6grenci, algilarindaki farkliligin ortaya c¢ikarilmasinda
ogretmen doniitlerinin islevi iizerinde durmuslardir. Duhon, House, Hastings, Poncy and
Solomon, (2015), zamanlamas1 ve agiklayicilik 6zelligi agisindan doniitiin matematik 6gremeye
katkisini ele almislardir.

Ogretme-6grenme siirecinde doniitler, dgrencinin gereksinimiyle uyumlu verildiginde,
Ogrencinin matematigi anlamasina, matematiksel sembolleri okumasina ve islemleri dogru
iligkilendirmesine hizmet edebilir. Matematik 6gretimine temel teskil eden kavramlastirma
siirecinin etkin kullanimi 6grencinin  6grenmesine dogrudan etki eden bir durumdur.
Ogretmenler bu tiir déniitleri genellikle siirec iginde verirler. Matematiksel sembollerin dogru
kullanilmast ve iligkilendirilmesi, ayn1 zamanda 6grencinin matematiksel igerigi anlamasi ve
bilisinde yapilandirmasinda temel olusturur.

Bu calismada, 6grencilerin matematik yeterligi edinmelerinde bu denli 6nemli islevi olan
doniitiin 6gretmenler tarafindan nasil algilandigini belirlemek, 6gretmenlerin, doniite yonelik
diisiince ve eylemlerini tematik olarak incelenmesi ve alan yazinda yer alan gorisler
cergevesinde degerlendirilmesi amaglanmistir.

Bu amagla "Matematik 6gretmenlerinin sinif iginde verdikleri doniitlere iliskin goriisleri
nelerdir?" sorusuna yanit aranmistir. Bu problem cilimlesi dogrultusunda asagidaki sorulara
yanit aranmistir.

1- Size gore matematik gretiminde doniitiin islevi” nedir
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2- Ogretim siirecinde doniit verirken nasil bir yaklasim izliyorsunuz?

3- Ogretmen olarak 6grenme &gretme siirecinde, dgrencilere genellikle hangi tiir
dontitleri hangi kapsamda veriyorsunuz.

4- Ogrencilere doniit vermeniz gerektiginde hangi temel ilkelerden hareket ediyorsunuz

5- Ogrencilere matematikle ilgili doniit verirken zorlandiginiz ve giicliik ¢ektiginiz
noktalar nelerdir?

6- Matematik 6gretmenleri i¢in, 6gretim siirecinde verilen doniitiin faydalari1 nelerdir?

2. YONTEM

Bu calismada nitel arastirma yontemi kullanilmistir. Nitel aragtirma, gézlem, goriisme ve
dokiiman analizi gibi nitel veri toplama yontemlerinin kullanildigi, olgularin ve olaylarin dogal
ortamda gergekei ve biitiinciil bir bigimde ortaya konmasina yonelik nitel bir stirecin izlendigi
arastirma olarak tanimlanabilir (Yildirim ve Simsek, 2008). Calismanin verileri, ilkogretim
ikinci kademede bes yil ve daha fazla siire matematik 6gretmenligi yapan 12 matematik
Ogretmeni ile goniilliilikk esasina gore yiizyiize yapilan goriismelerden elde edilmistir.

Gorlismede, veri kayiplarini 6nlemek i¢in kayit cihazi kullanilmigtir. Katilimeilar kayit
cihaz1 kullanilacagr konusunda bilgilendirilmistir. Yapilan goriismelerin sonunda tutulan
kayitlarin katilimeilar tarafindan dinlenebilecegi, gerektiginde kayitlardaki goriislerin istege
bagli olarak kismen ya da tamamen cikarilabilecegi belirtilmistir. Boylece kayit cihazinin
katilimcilar iizerinde olusturmasi muhtemel olumsuzluklar ortadan kadirilmistir. Arastirma
boyunca katilimcilarin kendilerini rahat ve huzurlu hissetmeleri ve goriislerini ictenlikle
aciklamalari igin bir goriisme ortami saglanmistir. Goriisme sirasinda, katilimcilarin sorulari
cevaplarken arastirmacidan etkilenmemesine calisilmistir. Arastirmada giivenirligi artirmak
amaciyla oncelikle 6gretmenlerin sinif i¢inde kendi konumunu belirtmeleri istenmistir. Veri
kaynag1 olan bireyler acik¢a tanimlanmis, arastirma siirecinde olusan sosyal ortamlar ve
stirecler tanimlanmistir.

Gorlismede katilimcilara aragtirmaci tarafindan gelistirilen yar1 yapilandirilmis 6 soru
yoneltilmis, katilimeilarin verdikleri yanitlar kaydedilmistir. Katilimcilarla yiizyiize yapilan
goriismelerde katilimcilara bir 6nceki gortismede sorulan sorularin bir kismi tekrar sorularak
benzer yanitlar verip vermedikleri kontrol edilmis, toplanan bilgilerde tutarlilik saglanmaya
calisilmistir. Tutarlik gosteren ifadeler analiz siirecine dahil edilmistir. Katilimcilarla yapilan
goriismeler 4 haftalik bir siireyi kapsamistir. Goriismede kaydedilen sozel aciklamalar, desifre
edilerek ¢oziimlenip yaziya gegirilmistir. Gorismede elde edilen igerik tematik olarak analiz
edilmistir.

Calisma grubunu, 2015-2016 6gretim yilinda merkez ilgede yer alan bes yildan fazla
ogretim deneyimi olan 12 ayr1 okulda gdrev yapan 12 matematik dgretmeni olusturmus ve
goriigmelere goniillii olarak katilmislardir. Goriismelerde elde edilen veriler, kaydedilip, daha
sonra c¢Oziimlenerek yazili hale getirilmistir. Elde edilen sonuglar alanyazindaki verilerle
iligkilendirilip, tartigilarak sunulmustur.

2.1. Analiz siireci

Matematik Ogtmenlerinin  gorilislerinin  analizinde, ifadelerin benzerligine gore
gruplamalar yapilmis; ¢ézlimlemede goriisiine basvurulan 6gretmenlere birer kod numarasi
verilerek (K1, K2...) agiklamalar yapilmustir. ifadelerdeki benzer dgeler gruplandirilmis ve
gruba uygun olarak temalar adlandirilmistir. Temalardaki tutarliligi saglamak i¢in temalar
olusturan kavramlar kendi aralarinda gruplandirilmis, temalarin diger temalarla tutarlilig
degerlendirilmis ve anlamli bir biitiin olusturup olusturmadig test edilmistir. Bulgularin daha
once yapilan arastirmalarla uygunlugu karsilagtirilmistir. Temalar, duruma gore tiimdengelim
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ya da tiimevarim yontemi ile agiklanmis ve yorumlanmistir. Bulgular, katilimcilar tarafindan
gbzden gegirilmis ve gergekci bulunmustur.

Aragtirma bulgularinin ongoriilerle tutarligi esas alinmistir. Elde edilen verilerde dis
gecerligi saglamak i¢in; Veri toplama aracinin hazirlanmasindan, uygulama ve analiz
asamasina kadar gecen arastirma silirecinin detaylar1 agiklanmistir. Bulgular, alan yazinla
karsilastirilarak, bulgularin uygulamadaki gergekliklere uygunlugu belirlenmeye calisilmistir.
Aragtirmanin baska aragtirmalarla test edilebilmesi i¢in gerekli agiklamalar ayrintili olarak
betimlenmeye ¢alisilmistir. Goriisleri alinan katilimcilarla (matematik 6gretmenleryile) tekrar
gorlisiilmiis ve bulgular paylasilarak dogrulanmustir.

3. BULGULAR

Aragtrimada elde edilen bulgular ¢ergevesinde temalar ortaya ¢ikarilmistir. Temalar, doniitiin
ogretimdeki yeri, doniitiin verilis tarzi, doniitiin kapsami, doniitte ilkeli davranma, doniitte
yasanan giicliikler ve doniitiin faydalar1 gibi basliklar altinda toplanmistir. Donitiin
ogretimdeki yeri temas: altinda asagidaki noktalar 6n plana ¢ikmustir:

Belirsizligi kaldirma K12
Eski bilgi ile yeniyi harmanlama K11
Kalicihigi saglama K1, K11
Hatayr azaltma K4
Anlayis1 kolaylastirma K7, K12

Ogretim siirecinde doniit, dgretmenlerin dgrencilerde 6grenmeyi artirmak amaciyla
kullandign digsal uyaranlardir. Ogrenciler digsal uyaranlara yiikledikleri anlama uygun
etkilesimlerini siirdiiriirler. Etkilesim siirecinde verilen doniitler, 6grencinin 6grenme
gereksinimlerini karsiladigl; 6grenme cergevesini uygun hale getirmek ic¢in kullanildigi,
ogrencilerin gelisim seviyelerine uygun s6zel ve sdzel olmayan uyaranlar haline getirildiginde
anlam kazanmaktadir (Looney, 2005). islevi geregi doniit, dgrenciye gerekli bilgiyi saglayan,
bir sonraki islem i¢in harekete geciren, anlaylp anlamadigim1 sorgulamasina firsat veren,
kendisini ve akranlarini degerlendirmesine hizmet eden uyaranlardir.

Ogretmenler, 6grenme siirecini 6grencileriyle birlikte planlar ve dgretim hedeflerini
olusturur. Ogrencilerin dgrenmeleri sirasinda ortaya ¢ikan eksikleri ve bosluklar1 zamaninda
fark eder; bosluklar1 ortadan kaldiracak sekilde doniitler verir. Ogretmenler, dgrencilerin
O0grenmelerinde ortaya ¢ikan bosluklari doldurmak i¢in farkli doniit verme stratejilerini
kullanirlar. Matematik Ogretmenlerine, “Size gére matematik 6gretiminde doniitiin iglevi”
nedir? Seklindeki agik uglu soru yoneltilmis, 6gretmenlerin verdikleri yanitlar, asagida
verilmistir:

K12: Déniit, égrencilerin matematik konularini daha ivi anlamast icin verilir. Ogrencinin
kafasum karigtiran herhangi bir durum oldugunda 6grenci ogretmene sormasi ve yanitini
almasidir. Déniit, ogrencinin kafasindaki soru isaretlerini kaldirmaya yarar. Verilmedigi
zaman ogrenci konuyu tam olarak anlayamaz, bir sonraki hafta konu anlatildiginda,
ogrencinin aklinda hig bir sey kalmaz. Zaman gegtikce ogretmenin o 6grenciyi toparlamasi
gittikge zorlagir.

K11: Déniitii ozellikle sinavlardan sonra veriyoruz, ¢ocuk eski bilgisi ile yeni bilgisini
harmanlayabilsin diye. O yiizden doéniit vermek gercekten egitimin olmazsa olmazidir.
Osrendikleri davranislarin kalict olup olmadigini yeni davramislar: edinip edinmedigini
gormemiz agisindan onemlidir.

K1 : Ogrenci yanlista yapsa, dogru da yapsa ancak ugrastiginda bir seyler kalir, kendisinde.
Birseyler kaldiginda, kalan seylerin daha degerli oldugunu hisseder.

K4 : Ogrencinin anlamadigi noktalart aydinlatacak déniitler verdigimizde Ogrenci ¢ok
faydasini goriiyor. Cocuk ayni hataya bir daha diigmiiyor, ayni hatayi tekrar yapmiyor.
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Osrencilerin, matematik konularini yanhs anlamasini, yanhs ¢ikarimda bulunmasini ve
yanlis sonuca gitmesini engellemek icin derslerde gerektigi kadar agiklamalar yapryoruz.
Buna ragmen ogrencide sayisal konulara yatkinlik yok ise istedigimiz sonucu alamiyoruz.

Ogretmenler, dgretme-d6grenme siirecinde verilen doniitlerin, matematik iceriginin iyi
anlasilmasi, 6grencinin onbilgileri ile yeni bilgilerini biitiinlestirmesi, 0grencilerin zihinindeki
celigskinin kaldirilmasi, 6grenmelerde kaliciligin artirilmasi, 6grencinin gereksinim duydugu
bilgi ve becerilerin kazandirilmasina katk1 getirdigini dile getirmektedirler. Doniitte tarz temas:
altinda asagidaki noktalar 6n plana ¢ikmistir:

Sonuca odaklama K5

Yanlis1 gosterme K5, K8
Analojiden faydalanma K8

Ben dili kullanma K8, K2
Birlikte sorgulama K11, K5, K7
Birebir ilgilenme K12, K1

Stireci ve ve sonucu kontrol K12, K2, K5, K1

Etkili bir iletisimde paylasilan mesajlarin, hem 6grencinin hem de 6gretmenin mesajin
icerigini dogru anlamalar1 agisindan 6nemlidir. Mesajin agiklik kazanmasi ise doniitiin verilis
tarziyla yakimen iliskilidir. Ogretmenlere, 6gretim siirecinde déniit verirken nasil bir yaklasim
izliyorsunuz? Sorusuna verdikleri yanitlar su sekildedir:

K5

K8

: Ogrenciye cevap verirken yanls yapmissin seklinde degil de, burasim boyle ¢ozdiigiinde

yanlis sonuca ulastyorsun, bunu o sekilde degil de, su sekilde ¢ozersen istenilen sonuca
ulagabilirsin seklinde sonug odakli doniit veriyorum.

: Burast olmamug nasil yaptin béyle demek yerine, surast dogru ama, suradan sonrasi yanlis

diyorum. Yanlistan hareketle dogruyu bulmast i¢in ogrencileri tartistirtyorum. Sinifta benzer
yanliglart yapan dgrenciler iginde iyi bir uygulama oluyor. Ogrenciler yanlis yapmaktan
degil, yanlis1 diizeltmekten ve sinif icinde tartismaktan keyif aliyor.

K11:Matematikte doniitii cocuklara bireysel olarak vermeyi yegliyorum. Ciinkii her 6grencinin

takildigr nokta, birbirinden farkli oluyor. Her ogrenci ¢oziimiinii bana tek tek getiriyor ve o
swrada takildigr noktayr gérdiigiimde ha bak, ¢oziimiin su noktasina tekrar bakman gerekir
dedigim zaman hani direkt onun hatasina yonelik a¢iklama yaptigim icin o, ¢ocukta daha
¢ok yararli oluyor.

K12:Ogrenciyi kirmamak gerekir. Mesela bazi 6grenciye ii¢ sefer anlatiyorum, 6grenci artik ben

K5:

K7:

K2:

bu isi yapamam, diyemiyor, ha gayret evladim, aferin giizel olmug diyorum ondan sonra bu
cocugun tizerindeki yapamam baskist da azaltyor. Baska bir seferinde diyorsun evladim bak
bunu gergekten boyle yapman gerektigini goriiyorsun degil mi diyorum. Ondan sonra derse
biraz daha ilgisi artiyor. Kisacast doniitiin verildigi ortam ve doniitiin verilis bi¢imi ¢ok
onemli.

Doniit verirken, yani ¢ocugu asagilayarak, bagirarak wyarmak var, bir de tatl dille uyarmak
var. Ne kadar tath dille uyarwrsam o kadar iyi sonu¢ aldigimi diistiniiyorum. Ne demisler
tatly dil, yilam deliginden ¢ikarr. Basit sorular sorarak c¢ocugu sorunun ¢oziimiine
odaklarim. Gerektiginde kurali hatirlatict ipuglari  veririm, oOgrencilerin  6grenme
gereksinimlerini gidermeye ¢alisirim.

Cocugun buldugu sonucglar ¢oziimle ortiismediginde once durum tespiti yaparim. Bu sonucu
nasil buldun diye sorarim ve ogrenciden durumu aciklamasin isterim. Eger ogrenci
gergekten dogru islem yapmissa sinif huzurunda tesekkiir ederim. Eger yanlis ¢ikarim, yanlis
islem yapmuissa, sorunu ogrenciyle birlikte sorgulayarak problemi ¢ozdiiriiriim.

Cocuklar problemleri farkli yollardan da ¢oziiyorlar. Mesela, oran, oranti sorusunda biigiin

yasadim, ¢ocuk farkli yerlere yazmis ama sonug ayni ¢ikiyor degisen bir sey yok yani.
Ogretmenim ben, farkli yoldan buldum bakabilir misiniz? Diyor. Hemen gidip, kontrol
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ediyorum, aninda ona cevap veriyorum, hoguna gidiyor, ilgisi artryor, sevki artiyor. Kisacasi
¢ocuklar ozel ilgi istiyor.

Etkinlik yaparken siirekli ogrencilerin yamna giderek doniit veririm, ¢iinkii ben onlarin
yamna gittigimde ilgilendigimi iliklerine kadar hissederler.

Viicut dilimi kullanirim. Ben ¢ok bagirmam, mesela su el hareketini (ellerimi gégsiimiin
tistiinde tist tiste bagladigimda) yaptigim zaman hepsi yaslanwr eller arkada. Kizmam da,
bakin der, agiklamami yaparim.

Swniflarda U masast diizeni ¢ok onemli. Yani ¢ocuklarin U seklinde oturmalari, birbirlerini
gormeleri gerekir, biitiin siniflarda ogrenciler bu sekilde oturmus olsa, herseyden once
cocuklar birbirini kontrol eder, etkilesime girer ve ¢ocuklar birbirinden 6grenir.

Swif i¢inde ogrencilerin problemin ¢oziimiiyle ilgili pek sorulart olmuyor. Géz ucuyla
alistirmalarimi  kontrol ediyorum ancak d&grenciyi swnifta tahtaya kaldirarak sorulari
¢ozdiirdiigiimde 6grenciden geri doniit alabiliyorum.

Stnav sisteminin mutlaka degismesi gerekir, 6grenciler siava yénelik hazirlanmamall,
ogrenciler temel bilgi ve becerilere sahip olacak sekilde 6grenmeli, onun icinde etkinliklerin
arttiridmast lazim. Simav kaygist ve baskisi matematik égretmenini derslerde sadece soru
¢Ozen bir insan haline getiriyor, Maalesef !..

Ogretmenler, Ogrencilere verilen doniitlerde o6grencilerin 6grenme gereksinimine
odaklanilmasi gerektiginde hemfikirler. Doniitiin 6grencinin dogrudan eksigine, yanlisina,
anlayisina ve yetersizligine yoneltilmesi halinde 6grencinin bu etkilesimden hoslandiginin ve
daha fazla faydalandiginin bilincindeler. Matematikte doniitlerin, 6grenciye acik secik

iletilmesi,

coklu etkilesimin saglanmasi i¢in &grencilerin oturma seklinin Onemine vurgu

yapmaktadirlar. Matematik derslerinde sadece dgretmenin aktif ve problem ¢ozen kisi olmasi
yerine, 0grenci merkezli etkinliklere dayali bir matematik 6gretimiyle 6gretiminde basarili
olabilecegi goriisiindeler. Doniitte kapsam temasi altinda asagidaki noktalar on plana

ctkmugstir:
Ac¢tklama, gosterme ve ¢ozdiirme K7, K5
Diistindiirme K2
Benzerliklerden ve zitliktan faydalanma K5
Ayrintilart vurgulama K11
Zaman ayirma K3

Ogretmen olarak 6grenme dgretme siirecinde, dgrencilere genellikle hangi tiir doniitleri
ne diizeyde veriyorsunuz? sorusuna 6gretmenlerin verdikleri yanitlar su sekildedir:

K7:

K2:

K5:

K3:

Ogrencinin kafasinda hi¢ bir soru isareti kalmamasi i¢in ogretecegim konuyu agiklarim,
gosteririm, ¢ozerim ve yeteri kadar ornek veririm. Gerekirse ekstra fazladan érnekler
¢ozerim ya da Ogrencinin kendisine ¢ozdiiriiriim. Bunlart yapmassak ¢ocuklarin

Toplamay1, ¢cikarmayr ve matematigi ezberletirseniz ¢ocuk biter. Matematik ezberletilmez,
c¢ocugun biraz soyut diistinmesi lazim. Matematik kavramlarimi dogru anlamasi, uygun
sembolleri iliskilendirmesi ve icsellestirmesi cok onemlidir.

Ogrencinin dogru ¢cikarim ve dogru ¢éziim yapmast igin zihninde bulamikligin olmamasi
gerekir diye diigiiniiriim. Yanlis islem ve yanlis ¢ikarim, o ¢ocugun zihnindeki eksik bilgi
va da yanls algi sonucu olusmaktadir. Bir sorunun miimkiinse farkli yollarla ¢ozmiinii
gosterir, gerekirse saglamasini yaparim. Ogrencilerden de benzer yollar: denemelerini
isterim. Zihninde bulanikitk olmayan 6grenci yanlis yapmaz, ¢ikarimda da bulunmaz.

Ogrencinin seviyesi ¢ok diisiik oldugunda, yani temel becerilerde eksiklikleri oldugu zaman
onun tizerine ne kadar ne koyabilirsiniz? Konuyu ne kadar agiklarsaniz, agiklayin, ¢cocuk
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anlayacak seviyede olmadigr i¢in anlamiyor. Aym zamanda dogrusu bizde, oyle pek
tizerinde duramiyoruz. Ciinkii tizerinde durdugumuz zaman dersin belki yarim saati, bir
saati gidiyor, o ¢ocuga zaman aywdigimizda, obiir cocuklart ihmal ediyoruz.

Bu sene, ben 5. Sinif matematik derslerine giriyorum. Derslerde, biitiin etkinliklerin
coziimlerini tek tek irdeleyerek yaptirtyorum, ¢ocuklarin sorularina da cevap veriyorum.
Zaman problemim yok, ¢iinkii 5 saat dersim var 2 saat se¢melim var ve 4 saatte kursum
var bu kadar siirede her 6grenciye ayrintili tek tek cevap verme firsatim oluyor.

Matematik konulari igerigi itibariyle soyut, muhakeme ve ¢ikarim gerektirmektedir. Bu
dersin basmakalip olarak ezbere Ogretilemeyecegi, O6grencinin etkinliklerden hareketle
eksiklerini giderici doniitlere gereksinim duyuldugu agik¢a ortadadir. Matematik 6gretiminin
kavramlardan, islemlere dogru ilerleyen asamali bir siireci igerdigi dile getirilmektedir.
Ogrencinin zihninde hem kavramsal a¢idan, hem de islemsel agidan eksiklerinin giderilmesi

ilkeli hareket etme temast altinda asagidaki noktalar on plana ¢ikmistir:

Var olan yeterligi on plana ¢ikarma K8, K3
Basit érneklerden hareket K4

Ben dili kullanma K1, K11
Yanlis1 gosterme K1, K7, K11
Motive etmede mevcut dogrulari kullanma K3

Bireysel iletigim kurma K12
Zamanlama K5

Matematik ogretirken 6grencilere doniit vermeniz gerektiginde hangi temel ilkelerden
hareket edersiniz? Sorusuna 6gretmenlerin verdikleri yanitlar su noktalarda toplanmistir:

K8:

K11

K1:

K7:

K3:

Osrencinin kiigiik bir dogrusu varsa bile, onu 6n plana ¢cikarip aferin, bak burayt dogru
yapmigsin, ama devaminda buralar béyle olmayacak, soyle olacak seklinde soylemek,
¢ocugun Ozglivenini arttiryyor.

Yaptigim aciklamalarin agik anlastlir olmasina ve sakin sakin, kizmadan yavag yavas

cocugun anlayacag sekilde sunmaya dikkat ederim. Seviyesi diisiik olan ogrencilere daha
basit érnekler veririm, verdigim érnegide biraz daha yavas sunmaya gayret ederim.

Sert bir sekilde, sen nigin yanlis yaptin, dyle degil, bu sekilde, su sekilde... iste o ciimleleri
kurdugumuz zaman zaten ogrenci tizerindeki basart giderek diigiiyor yani.

Osrenci yanlis yaptiginda, anlamadigi yerleri farketmesi icin onu tahtaya kaldirmatk,
yanlslarimi gostermek, bak bunu boyle yaptiginda yanhs, ama séyle yaptiginda dogru
sonuca ulagtyorsun diyorum. Ogrenci kontroliimde dogru ¢éziim yaptiktan sonra bir drnekte
kendin ¢oz diyorum.

Cocuk islem yaparken dogrular: varsa suralar dogru dediginiz zaman ¢ocugun kendine
giiveni geliyor ve faydali oluyor. Onun igin ¢ocugun dogrularini soyliiyorum.

K12:Yanlis davramgslarin diizeltilmesinde veyahut da dogru davramglarin pekistirilmesinde

K5:

ogretmenin ilk yapmast gereken sey Ogrencisinin adiyla, soyadiyla, kisiligiyle,
yapabilecekleriyle ve yapamayacaklariyla tammali. Eger, ogretmen gercekten ogrencisini
taniyorsa, ogrencisini her zaman degerli bir insan oldugunu hissettirmesi gerekir. Bu durum
basaryy artirtr; yoksa doniitleriniz, bos konusulan, bosa ¢ekilen kiirek misali, anlamsizdir.
Bildiklerinizi anlatirsimz o yetmez. Siz o Ogrenciyi kazanmalisiniz.  OSrenciyi
tammadiginizda konuyu aciklarken gist... oglum fkizim diyerek, maalesef yardimci
olamazsiniz. Ama ailesini taniyorsaniz, ailesinin telefonu sizde kayitly ise, boyle bir durumda
hemen aileyi isin icine katabilirsiniz aileyle diyalog halinde olursunuz ki o zaman ogrenci
benim kagacak yerim yok der.

Osrenciye doniit verirken zamanlamanin ¢ok uygun olmasi gerekir.
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K4: Once égrencinin konu hakkinda bir énbilgisini 6lcmek lazim, ashinda. Ogrencide o 6n bilgi
yoksa 6gretmen olarak senin o 6n bilgiyi cocuga vermen lazim.

Yapilan arastirmalardan, elde edinilen bilgi, deneyim ve gézlemlerden hareketle bir takim
genel dogrulara ve ¢ikarimlara ulasiimasi gerekir. Ogretmenlerin doniit verirken ilkelere ne
kadar uyduklarini belirlemek i¢in goriisleri incelendiginde, ortaya c¢ikan goriisler su sekilde
betimlenmistir: Ogretmenler dgrencilerini farkli tekniklerle tanimalar1 gerektigini dnemsiyor.
Ogrenciyi yiireklendirmek igin dnce yapabildiklerinden ve yeterliklerinden bahsedip, sonra
eksigine yer vermenin duygusal olarak 6grencinin dengelenmesi ve 0zgiiven olusturmasina
katki getirecegi kanatindeler. Bunu gerceklestirirken de sert, suglayict dil kullanmak yerine,
“pen dili “igeren yumusak bir iislubun benimsenmesi gerektigi noktasinda ortak goriise
sahipler. Ogrencilerin &nce verilenleri almaya hazir hale getirilmesi, verilen déniitlerin
diizeyine uygun sec¢ilmesi, drneklerle somutlastirilarak sunulmasi, genel 6grenme ilkelerine
bagli kalinmasi gerektigini vurgulamaktadirlar. Déniit vermede yasanan giicliikler temast
altinda asagidaki noktalar 6n plana ¢ikmaistir.

Onbilgi eksigi K11, K1
Ogrenci seviyesine inememe K11, K1, K8
Osrenciye yeteri kadar zaman ayiramama K11, K10
Algida, anlamada ve ¢oziimde zorlanma K9, K1
Asirt hereketlilik ve ogrenmede direng K1, K8
Icerik yogunlugu K12

Ogretme-6grenme siirecinde 6gretmenlerin, “dgrenciye matematikle ilgili doniit verirken
zorlandiklar1 ve giicliik ¢ektikleri noktalar” a iliskin goriisleri soyledir:

K5: Osrencilerin konuya iliskin on bilgilerinde eksiklik oldugu zaman onlara cevap vermekte
glicliik cekiyorum.

K9: Doniit 6grenci seviyesine bagl bir sey, verilen doniitii seviyesi iyi olan 6grenciler aliyor,
ozellikle orta seviyedeki ogrencilerde doniit verme ve alma karsilik oluyor. Seviyesi diisiik
ogrencilerde o baglantiyr kurmak ¢ok zor oluyor.

K10:Swifia her ogrenciye doniit vermek ¢ok zor ¢iinkii simiflarimizda 6grenci sayisi ¢ok fazla,
bazi 6grencilerimizde ilgi ¢ok diisiik. Her ¢ocugun once soruyu algilayip sonra ¢oziime
gecmesi gerekir. Biz ¢oziimleyemedigi noktada ona yardimct olmaktayiz. Ama ¢ocuk zaten
soruyu ¢ozmek istemiyor. Anlamakta da direng gosteriyor. Bu noktada doniit vermek
miimkiin degil. Déniit nedir bir seyi atarsin o da atilani geri karsilikli olarak sana atar. Yani
karsilikl etkilesime giversin. Tek yonlii etkilesimden sonu¢ alinmiyor.

K1: Osrenciler hareketli, iceride disarida siirekli birbirleri ile itisip, kakisyorlar ve didisme
halindeler. Yani bu bir konusma olsun, bu bir soruna iliskin aciklama olsun, bu bir
arkadashik olsun farketmiyor onlar icin. Grup iginde verilen bir déniitii 6grenmede direng
davramsina geviriyorlar. Béyle bir firsat ellerine ge¢tigi anda onu hemen degerlendiriyorlar
“baksana yapamamus “, onu da ¢dzememig gibi falan diye.

K11:Ogrencilerin temeli zayifsa ben ne anlatirsam anlatayim ne kadar basitte indirgersem
indirgeyeyim yine de anlamadigi oluyor. Bu égrenciler icin belki 3 sene 4 sene geriye gitmek
gerekiyor. Ama bunu yapmak ¢okta kolay degil, iste bu ¢ok zor maalesef. Mesela 5. siniftan
birkag cocuk daha 1. 2. simif seviyesinde. Farkindayim onlar da ¢ok zorluk ¢ekiyor... Onlarla
problemi ancak séyle asmaya calisiyorum. Sinifia ¢aliskan bir arkadasina bu konuyu
anlatabilir misin diyorum? Verilen gorev, ¢aliskan 6grenci icinde yararl oluyor anlatinca
kendiside ogrendiklerini iyice pekistiriyor. Digeri iginde faydali oluyor, ¢iinkii ben he
ogrenciye yeteri kadar zaman ayiramiyorum. Eger ailede abi varsa abla varsa o sekilde
goreviendirerek ya da veliyle konusarak durumu idare ediyorum.

K12:Ogrencilere yeteri kadar déniit vermede zorlaniyorum. Ciinkii islememiz gereken o kadar
¢cok konu var ki, miifredati yetistirmek durumundayim. Deneme sinaviar: geldigi zaman
konulart tekrar etmek durumundayim. Biiyiik bir yaris ortaminda ¢alisiyoruz. Okul, sehrin
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derece yapan okulu. Miidiir Bey, benim sinifimin basart ortalamasimin % 94 oldugunu
biliyor. Sinifimin basar: ortalamast % 94 ten % 92 ye diisse, sinifimizin basarist diismiis
hocam diyor, sinifin sorumlusu sizsiniz diyor. Her dgrenciye ayrintili doniit vermek yerine
toplu bir sekilde doniit vererek hem zamandan kazanmaya hem de basarimi siirdiirmeye
calisiyorum. Aymi zamanda grencilere bazi yanlis davranislarini gésteriyorum. Cocuklar
yanlislarini fark ederek, dogrusunu sizden gorerek ancak sonuca ulagabiliyor.

Verici ve alici arasindaki iliskinin saglikli olabilmesi icin, alicinin nerde ne kadar mesaj
alabilecegini iyi bilmemize bagh. Bir c¢ocugun altsiniflarda ogrenmesi gereken temel
bilgileri ogrenmeden yeni bilgileri kavramasi miimkiin degil. Bundan dolayr doniit verirken
bazen diizeyi asagilara kadar ¢ektigim oluyor. Bu seferde siniftaki diger ogrenciler, o
ogrenciyle dalga geciyor veyahut da o swnifta iletisim o noktada kopuyor. Mesela sinifin bir
tarafina basit, temel bir bilgiyi sunuyorsunuz ama diger taraftan temel bilgiyi sahip olan
cocuklar, sahip olmayan ¢ocuklara karsi tepki veriyorlar. Ya bunu da mi bilmiyorsun diyor,
bu sefer anlamayan 6grenci daha ¢ok igine kapaniyor. Bu sefer o ogrenciden geriye doniit
almakta iyice zorlastyor.

Seviyesi diistik ogrencinin iizerinde ¢ok durmak ders ortaminda pek miimkiin olmuyor.
Disarida teneffiiste veya bos zamanlarimizda onun tizerinde durulabililiyoruz.

Matematik Ogretmenlerinin, doniit verirken Ogrencilerin matematikle ilgili hazir
bulunusluk diizeylerinin zayif olmasi, konuya iliskin On-yasantilarini eksikligi, 6grenme
seviyelerinin diisiik olmasi, matematik derslerindeki icerik yogunlugu ve matematik
konulariin soyutluguna bagli olarak 6grencilerde bagaramama korkusu ve 6zgiiven eksikligi,

simiflarin  kalabalik olmasi, her 0Ogrenciye yeteri kadar zaman ayiramama noktasinda
zorlandiklar1 anlagilmaktadir: Déniitiin Faydalar: temasi altinda asagidaki noktalar 6n plana
cikmistir:

Farkina varma K9, K2, K7, K5

llgide artig K9

Olumlu tutum K8, K7

Ozgiiven K9

Kendini kontrol K5

Matematik 6gretmenlerine, 6gretim siirecinde doniitiin faydalar sizce nelerdir? seklinde
yoneltilen soruya 6gretmnelerin verdikleri cevaplar soyledir:

KO9:

K2:

K8:

K5:

K7:

K2:

Ogrencilere déniit vermek onemli, ¢iinkii égrenci yaptigi islemin sonucunun dogrulugunu
veya yanlisligini bireysel olarak anladiginda ogrenci sunu fark ediyor, ogretmen benimle
ilgileniyor. Ogrencinin derse ilgisi artiyor.

Ogrencilere bireysel doniit vermek onemlidir. Cocugun sordugu veya takildigi bir seyi
gordiigiimde ha bak suraya dikkatli bak dedigim zaman, direk onun hatasina yonelik
konustugum i¢in o ¢ocuk igin bu yanit, daha yararlt oluyor.

Doniit, 6grencinin diger derslere katilmasi, kendine ozgiiveni, derse ve ogretmene yaklagimi
acilarindan bence ¢ok faydahdir. Firsat buldugumuz olgiide ogrenciye yanlislarint ve
dogrularini gérecek sekilde doniit vermemiz gerekir.

Ogrencilere déniit verirken her seyden once biz kendimizi kontrol ediyoruz. Yani derslerde
neyi ne kadar verdik, bu 6grenci ne kadar anladi, anlasilmayan yerleri gérme ve tekrar
tizerinde durma sansi elde ediyoruz.

Ddéniit, dgrencinin tam olarak konuyu anlamasina yardimct oluyor. Kafasinda kalan soru
isaretlerini ortadan kaldiriyor.

Nerede hata yapmis? Acaba bu hatanin kaynagi ne? Acaba matematikte toplama ¢ikarma
carpma bélme iglemini bilmiyor mu? Formiilii mii bilmiyor? Konuyu mu hi¢ anlamamuis?
Bunlar bizim icin ¢cok énemli. Ciinkii doniit bizim icin bir anahtardir.
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Ogretmenler, dgrencinin anlatilan konuyu ne kadar anlayip veya anlamadigim gormek,
anlamadig1 konular1 tekrar etmek, Ogrencilerin eksiklerini dogrudan Ogrencinin yiiziine
soylemenin daha dogru oldugunu diisiinmektedir. Ogretmenler, doniitiin, dgretmen olarak
kendilerini degerlendirmelerinde, 6grencilerinde 6zgiliven olusturmalarinda, 6grencilerinin
Ogretime katilimlarin1 saglamada, 6grencilerin 6grenmeye odaklamasini saglamada faydali
oldugu nokasinda hem fikirler.

4. TARTISMA VE SONUC

Matematik 6gretmenleriyle yapilan goriismelerde, 6gretmenlerin sinif i¢inde verdikleri
doniitiin yapisi tematik olarak ele alinip incelenmistir. Temalar, doniitiin 6gretimdeki yeri,
doniitlin verilis tarzi, doniitiin kapsami, doniitte ilkeli davranma, doniit vermede yasanan

giicliikler ve doniitiin faydalari bagliklar1 altinda toplanmustir.

Arastrimaya katilan 6gretmenlerin goriisleri dogrultusunda doniitiin 6gretimdeki yeri,
ogrenmede belirsizligi ortadan kaldirma, eski bilgi ile yeni bilgiyi harmanlama, kaliciligi
saglama, hatayr azaltma ve anlayisi kolaylastirma noktalarinda toplanmaktadir. Ddoniitiin
ogretimdeki yeri konusunda 6gretmenlerin biiyiik bir kismi bilingli, 6grencilerine yeteri kadar
kapsamli ve uygun doniit verememenin endisesi icindedirler. Bu endiselerini siniflarin
kalabalik olmasi, 6grencilerin hazirbulunusluk diizeylerinin diisiik olmasi gibi gerekgelerle
aciklamaya caligmaktadirlar. Matematik 6gretiminde O0gretmen, doniitleri, yanlist diizeltme,
ipucu verme, soruyu tekrarlama, nedenini sorma, baska 6grenciye ipucu verme, soruyu dolayl
olarak tekrar sorma, dogru cevabi se¢me, siniftan dogru cevabi isteme, 6grencilerin girisimi ile
dogru cevabi ortaya ¢ikarma seklinde gergeklestirmektedir (Santagata, 2002). Baz1 durumlarda
da Ogretmenler, sinif i¢inde Ogrencilerin yanlislarindan hareketle anlamli 6grenmeler ve
beceriler kazandirmaktadirlar (Nordstrom, Wendland & Williams, 1989). K6gce ve Baki
(2012) ilkdgretim matematik ogretmenlerinin doniitli, 6grencilerin gosterdikleri performansin
yamnda kisilik ozelliklerine yonelik kullandiklarmi; Eraz ve Oksiiz (2015) yaptiklari
arastirmada doniit verilen gruplarda 6grenci basarist ve olumlu tutum puanlarinin diger gruba
gore anlaml sekilde yiikseldigini ortaya koymuslardir.

Matematik 6gretmenleri doniitii 6grencinin gereksinim duydugu durumda gerektigi kadar
ve kapsamlica verdiklerini belirtmektedir. Sahin (2015) 6gretmenlerin doniitli, 6grencinin
dikkatini ¢cekme, giidiilleme, hedeften haberdar etme, isaret ve ipuglarini sunma ve onkosul
davraniglar1 kazandirma etkinliklerinde sikca kullandiklarini ortaya koymaktadir.

Déniitiin verilis tarzina iliskin temada, matematik 6gretmenlerinin goriisleri, 6grenciyi
sonuca odaklama, yanlig1 gosterme, analojiden faydalanma, ben dili kullanma, birlikte
sorgulama, birebir ilgilenme, siireci ve ve sonucu kontrol etme noktalarinda toplanmaktadir.
Ogretmenlerin neden déniit verdiklerini ve sorunun ne oldugunu belirlemek icin bir ¢aba igine
girdikleri goriilmektedir. Ogretmenlerin, 6grencilerin konuyu bilip bilmedigini anlamak igin
basit sorular sormasi, sorunun ¢éziimii ile ilgili kurallar1 hatirlatmalari, ¢6ziim yoluna doniik
ipuclart vermeleri, 6grencilerin 6grenme gereksinimlerini gidermeleri agisindan oldukga
faydali bir yaklasimdir. Ogretmenlerin sorunun ¢dziimii ile ters diisen bir sonugla
karsilagtiginda, bu durumun nasil ortaya ¢iktigini sormalar1 ve ogrenciden durumu aciklamasini
istemeleri 6grencide derinligine diisiinme, yasant1 edinme ve tekrar odaklanmay1 saglayabilir.
Matematiksel diisiinme, yogun bilissel etkinlik gerektiren bir durumdur. Biligsel 6grenme
siirecinde, verilen doniitlerin, 6grencide bilissel ¢eliskiyi ortadan kaldirmasi gerekir. Birgok
sorunun ¢oziimiinde dgretmenin birden fazla yontem ve teknigi kullanmasi, 6grenciden de
farkli teknikleri ige kosarak ¢6ziime ulasmasini istemesi, 6grencinin derinligine diisiinmesi ve
ogrenmesi acisindan bir gerekliliktir. Tlirkdogan ve Baki’nin(2012) de 6gretmelerin yanliglara
verdikleri doniite iligkin tespitleri ile arastirmadan elde edilen sonuglar oOrtiismektedir.
Ogretmenlerin bu yonde verdikleri déniitler olduk¢a anlamlidir.



Beydogan

Doniitte kapsam temasi i¢inde 6gretmenler, konuyu agiklama, gosterme ve ¢ozdiirme,
problem {iizerinde diislindiirme, problem ¢ozlimiinde benzerliklerden ve zitliktan faydalanma,
ayrintilar1 vurgulama ve her O6grenciye yeteri kadar zaman ayirmanin gerekliligi iizerinde
durmaktadirlar. Ogretmenlerin verdikleri yamitlardan déniitiin kavramsal olarak kapsami
konusunda zihinlerinin karisik oldugu anlasilmaktdir. Kimi 6gretmenler doniitii, sorduklari
sorunun ¢oziimlenmis cevabi; kimileri, 6grencinin 6grenmesini kolaylastiracak yol gosterici
isaret ya da sadece beden dili olarak algilamaktadir.

Ogrenci yanlis yaptiginda ona daha onceden 6grendigi matematiksel kavramlar1 ve
islemleri hatirlatmak, c¢oziimlemlerde yeni ¢ikarimlarda bulunmasini saglayacak uyaranlar
sunmak, etkili bir doniit verme yolu olarak goriilebilir. Esas olan 6gretmenlerin, 6grencilerin
bazi konularda yanlis yaptiklarini hissettirmesi veya sezdirmesi en etkili doniit verme seklidir.
Ciinkiin sezgiye dayali 6grenme, igsel denetimi ve motivasyonu koriikleyici bir 6zellige
sahiptir.

Benzer ozelliklere sahip kavramlar, islemler ve sorunlarin, daha dnce islenen konularla,
sonuclarla ve ¢ikarimlarla iliskilendirilmesi, baz1 6grenciler i¢in etkili bir doniit verme teknigi
olabilir. Bu siirecin 0grencinin imaji ile desteklenmesi gerekir. Bu durumda Ogretmen,
Ogrencinin durumu igsellestirmesini saglayacak sekilde sorunu Ogrencinin zihinde
canlandirmasini saglayabilir. Ogrenci konuyu anladigint belirtmis olmasina ragmen, yanlig
yapmaya devam ediyorsa dgretmenin, sordugu soruyu basitlestirerek, asamali ¢oziim yolunu
deneyerek, basit soru ¢oziimiinden karmasik soru ¢ozlimiine asamali gegisler yaparak ¢oziim
arayabilir. Karmagik sorunlarin ¢dziimiinde, sorunu kiigiik anlamli parcalara bolerek 6gretme
yolunu deneyebilir. Esas olan Ogrencinin, soruyu kendi kendine c¢ozebilmesidir. Dogru
yapmalar1 i¢in Ogrencilerin kendi hizlarinda ilerlemesini destekleyici uyaranlar verilirken;
Yanlis yapmaya devam eden 6grenciler i¢cinde anlasilmasi daha kolay olan benzer sorularin
¢ozlimii gosterilerek islemin mantigin1 anlamasi, dogru iliskilendirmeler yapmasi saglanabilir.

Déoniite ilkeli davranma temasi kapsaminda 6gretmenlerin goriisleri, 6grencilerde var olan
yeterlikten hareket etme, basit drnekler verme, ben dili kullanma, 6grenciye yanlisini gosterme,
Ogrenciyi motive etmede mevcut dogrularini kullanma ve 6grencilerle bireysel iletisim kurma
ve iletisimde zamanlamay: iyi yapma noktasinda toplanmaktadir. Ogrencilere verilen her
tepkinin bir ol¢iisiinlin ve tutarliliginin olmasi gerekir. Bu 6l¢ii ve tutarlilikta 6grencilerin
bireysel farkliliklarinida hesaba katmasi gerekir. Toplu Ogretim sistemi i¢inde &grencinin
birisine oldugundan fazla agiklayic1 doniit verilirken bir digerine verilen doniit gegistirilen veya
cok sinirl bir yanita doniismemelidir.

Matematik 6gretim siirecinde, Ogretmen konunun anlagilan kismindan baslayarak,
Ogretime devam etmesi, ogrencinin anladiklar1 ile yeni Og8reneceklerini biitlinlestirmesine
dayali stratejiler izlemesi beklenir. Ogretmenin, 6grencinin cevabi bildigini ama ifade ederken
yanlig yaptigini diisiinmesi ve bu amagla tekrarlatmasi, ogrencinin verdigi cevabi agiklamasi
icin yeteri kadar beklemesi gerekir. Matematik Ogretimi sabretme ve Ogrencinin zihinsel
becerilerini eyleme yonlendirme dersidir. Aksine bazi durumlarda doniit vermeye zaman
kalmamasi, Ogretimin planlanamayisi, igerik yogunlugu ve Ogrencilerin hazirbulnusluk
diizeyindeki yetersizlikle birlestiginde 6gretmenin iistesinden gelemeyecegi devasa bir soruna
doniisebilmektedir.

Doniit vermede yasanan glicliikler temasinda 6gretmenlerin, 6grencilerde onbilgi eksigi,
Ogrenci seviyesine inememe, 0grenciye yeteri kadar zaman ayiramama, algilama, anlama ve
¢oziimde zorlanma, asir1 hareketlilik ve 6grenmede direng, icerik yogunlugu noktalarinda
odaklandiklar1 gériilmektedir. Doniitte yasanan giigliikler temasi baglaminda 6gretim siirecinde
Ogretmen, 0grenci ve konu ve sistem kaynakli ciddi sorunlarin yagandigini ortaya koymaktadir.

Matematik dersinin soyut olmasi, anlatilmak istenen konularin yeteri kadar
somutlastirilamamasi1 Ogretmenleri, acik, anlasilir, kapsamli ve aciklayic1 doniit verme
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noktasinda zorlamaktadir. Matematik tamamen semboller {lizerine kurulan kavramsal olarak
anlam Oriintlisii gerektiren ve bibiriyle siki iligkili islemler igeren bir alan oldugundan,
Ogretmenlerin Oncelikli olarak konularin 6gretimine baslarken sembollere temel teskil eden
matematiksel kavramlar1 anlamli kilmak i¢in ¢aba harcamalar gerekir.

Calismada elde edilen bulgular, 6gretmenlerin doniitiin islevine yonelik hassasiyetlerinin
yiiksek ve ayni zamanda olumlu yonde oldugunu gostermektedir. Ancak 6grencinin,
hazirbulunusluk diizeyi, gecmis yasantilari, akranlari ile smif i¢i etkilesim bigimi,
dayanigsmadan ¢ok yarigsmaci bir 6grenme ¢evresinin 6grenciyi motive etmedeki yetersizligi ve
giicliigii artiran etkenler olarak goziikmektedir. Bu siirecin, 6grenciye yeterli ve kapsamli doniit
verme, doniit verirken Ogrencinin performansini esas alma, doniitte ilkeli davranma
noktalarinda 6gretmenin igini gii¢lestirmektedir. Siniflarin kalabalik olmasi, ¢coklu etkilesime
uygun fiziki donanimin olmamasi, matematik igeriginin yogun olmasi, igerigin miifredata
uygun hale getirilememesi, miifredatin yetistirilme baskis1 ve matematik derslerine ayrilan
sirenin azlig1 gibi husular 6grencilere kapsamli doniit vermeyi kisitlamaktadir.

Ogretmenin rehber oldugu ancak dgrencilerin kendilerini ifade edemedigi ortamlarda
Ogrencilerde ortaya ¢ikan 6grenme eksikliklerini tespit etmek giliglesmektedir. Kavramsal bilgi
eksigi olan 6grencilere sozlii agiklamalar yapmak, islem kurallarini hatirlatmak tek basina,
etkili bir déniite doniismemektedir. Islem bilgisi eksigi olan dgrenciler i¢in, sembollerin dogru
kullanim1 veya kavramin giinliik yasamda nerede ve nasil kullanildigina yonelik agiklamalar,
dgrencinin bu tiir eksigini tamamlamasina yetmemektedir. Ogretmenler, verecekleri doniitleri
ogrencilerin gereksinim duydugu bilgi tiiriine, islem sekline, zamana, somut yasant1 eksenine
gore 6gretim siirecinde birbirini tamamlayan bir biitiinliik i¢ginde sunmalar1 gerekir. Basarili bir
Ogretim siireci yakalamak isteyen matematik 6gretmeninin doniit vermeden 6nce 6grencilerini
hazir bulunusluk diizeyi, motive edebilme, kisilik 6zellikleri, beklentileri, aligkanliklar1 ve
tutumlart agisindan tanimasi gerekir. Eksiginin farkinda olmayan bir &grencinin eksigini
tamamlamasini  beklemek miimkiin degildir.  Ogrencilerin, &grenmedeki eksiklerini,
yanlglarint ve yetersizliklerini farkina varmalari igin, Ogretmenlerin Ogretme-6Zrenme
stirecinde verdikleri doniitler, 6grencilerde 6z-farkindalik yaratmaya hizmet etmelidir. Bunun
icin doniitiin kapsamli, belli ilkelere dayali, etkilesimi artiracak tarzda, verildiginde 6gretim
siirecine katki saglayabilir. Bu baglamda matematik 6gretmenleri,

- Ogrencilerinin zelliklerini ¢ok yonlii ele alip, bireysel farkliliklarina uygun doniit verme
yollarini deneyebilirler.

Ogretim siirecini tek diizelikten kurtarmak igin, tez-antitez, kuraldan drnege- drnekten
kurala gitme, tiimden gelim- tiimevarim gibi diisiinme siireglerini zenginlestiren yontemleri
kullanarak, 6grencilerin dogru davranislarini pekistirirken, ortaya ¢ikan yanlslar diizeltmek
i¢in yanlislar bir firsat olarak kullanarak 6grencilerin yanlislarini fark ettiren hareketle diizeltici
doniitler verebilirler.

- Ogretmenler dgrencilerine dgretilen her yeni konuyla ilgili 6ncelikli olarak konuya
temel teskil eden matematiksel kavramlari anlayip, i¢sellestirmelerini saglayici somut
ornekler verebilirler.

- Ogretmenler, dgrencilerinin 6grenme siirecini yakindan takip ederek, hangi noktalarda
ne tiir eksikliklerinin oldugunu belirleyip, eksiklerini tamamlayici doniitler verebilirler.

- Ogrencilerin daha etkin katildigi ve fikirlerini daha iyi ifade edebildigi 6grenme
ortamlarinda pekistirici, destekleyici, yonlendirici doniitler kullanabilirler.

- Ogretmenler igin ogrencinin etkin oldugu ve fikirlerini agikladigi bir 6grenme

ortaminda 6grencinin zihninden gegenleri belirlemek ve buna uygun doniitler vermek
daha kolay olabilir.
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Ogretmenler, dgretimin basinda 6grencilerinin matematikle ilgili kavram yanilgilarini
belirleyip, ¢6ziimii ve sonucu control ettikten sonra dgrencilerin eksiklerini ve yanliglarini
ortadan kaldiracak doniitler verme yolunu deneyebilirler.
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1. INTRODUCTION

Countries participate in large-scale tests at international or national level or prepare and
implement large-scale examinations in order to evaluate the educational systems or to place
students in upper level educational institutions. These implemented tests are prepared in
various forms in order to ensure reliability and to be able to compare the test scores of
individuals taking these tests at different times. It is necessary to equate their scores in order to
be able to make a comparison of scores of people taking these test forms or to make a
comparison of the difficulty of exams prepared for the same purpose (Dorans & Holland, 2000;
Dorans, 2004; Kim, Walker & McHale, 2010).

Through procedures applied to the scores obtained from the test forms measuring the
same construct, it is possible to make these scores interchangeable regardless of when and to
whom these test forms are applied (Kolen & Brennan, 2004; Dorans & Holland, 2000). Test
equating is a statistical and psychometric technique used for the adjustment of scores from
different tests measuring the same construct in order to compare scores obtained from various
forms of that test (Dorans & Holland, 2000; Skaggs, 2005). Felan (2002) points out that the
scores obtained from different tests can be placed on a single scale and compared
simultaneously via the statistical relationship established between the scores obtained from two

*Corresponding Author E-mail: meltem.yurtcu@gmail.com cguzeller@gmail.com

ISSN: 2148-7456 online /© 2018 DOI: 10.21449/ijate.316420


mailto:meltem.yurtcu@gmail.com
http://orcid.org/0000-0003-3303-5093
http://orcid.org/0000-0002-2700-3565

Yurteu & Giizeller

different forms measuring the same construct. According to a definition by Angoff (1971), test
equating is the process of converting the unit scale of a test form to the unit scale of another test
form. Kim and Hanson (2002) express equating as interchangeability of test forms after
procedures applied to points from these test forms. In principle, the process of establishing the
relationship between raw or scaled points used in two or more test forms is described as
equating (Skaggs & Lissitz, 1986). The conditions required to be able to do equating are
measuring the same construct, having equal reliability, equity, and invariance between groups
(Dorans & Holland, 2000; Lord, 1980; Swaminathan & Gifford, 1983).

The right decision making end of these large scale exams that are extremely important
for societies depends on reliability and validity of exams. Especially in equating of large-scale,
there are a lot of situation that threaten reliability and validity. The some of the situations stem
from multiple sources including measurement error, sampling error, measurement disturbances
and administrative challenges. Measurement error usually refers to inaccurate associated with
a measuring instrument (Wu, 2010). Depending on the equating method and pattern, the error
emerging as a result of equating is of two types: random and systematic (Kolen, 1988; Felan,
2002). While random error that stems from answerer sampling is defined as standard error of
equating (Kolen & Brennan, 2004); the other type of equating error, which is also known as
equating bias, stems from violation of axioms or from biasedness (Zeng, 1991). Biasedness
arises as a result of evaluation of an item with differential item functioning (DIF) by specialist
opinion and involves sensitivity and differential item functioning analysis (Hambleton, 2006;
Sireci & Mullane, 1994; ETS, 2009).

DIF surfaces as individuals with similar ability level but are in different subgroups differ
in their probability for answering test items (Osterlind, 1983; Zumbo, 1999). Differential item
function is of two types: uniform and non-uniform. It is considered uniform if the probability
an item being answered correctly contains DIF in favor of a specific group for all ability levels
but non-uniform if it contains DIF in favor of different groups at different ability levels
(Zumbo, 1999). Investigation of differential item functioning (DIF) is with outmost important
on the accuracy of the decisions taken as a result of large-scale examinations for societies when
comparing measures across different groups (Lai, Teresi & Gershon, 2005; Swaminathan &
Rogers, 1990). The presence of a DIF item(s) in the test, an indication of bias, will cause the
obtained scores to be misleading (Zieky, 2002; Osterlind, 1983).

In the context of this study, the aim is to investigate the effect on the equating error
obtained from the IRT-based equating methods according to the test containing DIF items and
the number of DIF items in two tests with the same item parameters during the process of placing
the points obtained from these tests on the same scale. Equalization of tests containing DIF
items with item response models takes place in the literature using different methods and
conditions (Demirus, 2015; Huggins, 2014). However, differentiation of the number of DIF
items and the distribution of DIF items in test forms which be equalized in common item design
equal groups makes this work unique from other studies. In this respect it will be contribute to
literature. In this line, the basic research question may be formulated as:

“What are the effects of the number of DIF items in tests and of the tests containing DIF
items on the equating error during the process of placing two math tests measuring the same
construct on the same scale?”

2. METHOD

In this study purposes to indicate the effect of the number of DIF items and the distribution
of DIF items in these forms, which be equalized on equating error. This is a basic research
study in essence since it investigates the effect of the number of DIF items present in forms on
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equating error with respect to the forms including DIF items by using IRT equating methods
on common item pattern in equal groups.

2.1. Data Collection

Here, the study was conducted on the data set generated from the 2013-2014 TEOG exam
on the basis of the assumption that the tests were taken by individuals with equal ability. Two
different math test forms were generated with Wingen2 program by using item parameters in
the math test of this exam. These forms are comprised of a medium-length test containing 15
common items aside from a set of 40 parallel questions. Hence, scores obtained from two tests
containing 55 items per each were on the same scale. The item parameters of the math test were
0.20-0.76 for parameter a, 0.34-0.83 for parameter b, and 0.25-0.40 for parameter c. The
common item pattern in equal groups was used as a pattern in equating. The forms A and B
with 40 items per each were generated for different conditions in accordance with the three-
parameter logistic model scored as 1-0 regarding the Item Response Theory models. Since the
common form was so as to reflect A and B tests, it was generated by using the same parameters.
The forms were generated to measure the same construct unidimensionally. For the ability
distribution of the groups taking these forms, 1000 answers with normal distribution were
generated so as the mean is 0 and standard deviation is 1. There are items with uniform DIF at B
(medium) level in the common test and in the basic test on the generated forms. The DIF items
were obtained as in favor of single group (in favor of males in TEOG); sizes of focus and
reference groups are equal.

In order to answer the research question, six different conditions were considered: two
different situations for number of DIF items (5 and 10) and three different situations for the
test form containing the DIF items (form A, form B, and the Common form). The patterns of
conditions are given in Table 1.

Table 1. The conditions determined with respect to the number of DIF items on forms and on the forms
containing DIF items.

Number Total of 5 DIF Items Total of 10 DIF Items

of Items
Form A 40 5 DIF 3 DIF - 10 DIF 5 DIF -

Items Items Items Items
Form B 40 - - - - - -
Common 15 - 2 DIF 5 DIF - 5 DIF 10 DIF
Form Items Items Items Items
Condition 1| Condition 2| Condition 3| Condition 4 | Condition 5 | Condition 6

As it is seen in Table 1, six different conditions were obtained on the basis of different
number of DIF items contained and the test forms these DIF items were on after forms A and
B were generated as basis. Attention was paid to not to place the DIF items on tests
consecutively.

2.2. Data Analysis

The common form was included in scores as internal anchor test in the study. Since the
data belonging to test forms used in this study display similar difficulty and selectivity means,
horizontal equating was done among these test form. The same parameters were used for
common form data.

Separate conjecture methods were used for equating pattern used. PARSCALE 4.1
program was used for conjecture of parameters, IRTEQ program was used for test equating and
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scaling. Data derivation and equating process were repeated 25 times for each condition and
each method.

The root mean square deviation (RMSD) value was used in equating the test scores that
the individuals with same ability level have received from different test forms. The RMSD values
obtained from Mean-Mean, Mean-sigma, Stocking-Lord, Heabara equating methods were
obtained by averaging 25 repeats.

3. FINDINGS

The six conditions were considered for the comparison of the equating error obtained by
different IRT equating methods on the basis of the number and distribution of DIF items. In
order to compare the condition as criteria, the equating errors in condition where both test forms
do not contain DIF items.

Firstly, the condition where the 7th, 12th, 23rd  26th and 37th items in the first 40
questions of the basic test, which is called test A and is among the math test to be equated, display
uniform DIF with a difference of 0.6 at B level and there is no DIF item in the first 40 questions
of the common test and form B was considered. This condition where there are five DIF items
in the basic test and no DIF items in common test and form B is called Condition 1.

Condition 2 was created where DIF items are present both in the common test and the
basic test, as number of DIF items is kept same. Under this condition, it is assumed that there
are three DIF items, the 5t 17th, and 337 items, in the first 40 questions of the basic test; and
there is DIF in the 47t and 537 items of the common test.

Condition 3 was created to analyze the RMSD value where DIF items are present only
in the common test, as number of DIF items is fixed. Under this condition, it is assumed that
there is DIF in the 515t, 52nd, 53rd 54th ang 55t jtems only in the common test form of the
math test.

In order to investigate the effect of the change in the number of DIF items on equating
error, the number of DIF items in the first 40 questions of the basic test is considered to be ten.
ltems that were considered as having DIF are the 5th, 7th, 12th 17th 23rd pgth pgth 33rd,
37th and 40th items. The condition where there is no DIF item in the first 40 questions of the
common test and form B is called Condition 4.

Condition 5 was created which tests the DIF items are present in while the number of DIF
items in tests to be equated is taken as ten and the number of DIF items is fixed. For this condition,
it is assumed that the 7th, 12th 23rd 26th and 37th items of the first 40 questions on A test and
the 518t 52nd 53rd 54th and 55t jtems of the common test have DIF.

Created condition 6 where there are ten DIF items only in the common test is assumed
that only the 46th, 47t agth 49th 50th 515t 5ond 53rd 54th and 55t jtems on the common
test form have DIF.

We examined RMSD equating errors of equating done by four methods for 6 conditions
and math test forms without DIF as scaling method. The equating errors, which were obtained
as the points taken from tests A and B belonging to these conditions were placed on same scale,
were investigated with respect to IRT equating methods. These values were shown in Table 2.
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Table 2. The RMSD equating errors of equating done by four methods for conditions where math test
forms without DIF.

Mean- Mean Mean-Sigma Haebara (HB) Stocking-Lord (S-L)

The equating errors for test forms 0.057616 0.179619 0.17014 0.171374
without DIF

Condition 1 1.14101 0.842776 0.98555 0.597466
Condition 2 0.348804 0.511489 0.328713 0.295562
Condition 3 0.39065 0.588079 0.308391 0.291414
Condition 4 1.165186 0.886565 0.600028 0.606109
Condition 5 0.646586 0.915705 0.546247 0.519187
Condition 6 0.318883 0.69995 0.352803 0.332708

condition 1: five DIF items in the test A and no DIF items in common test and form B
condition 2: five DIF items in the test A and two DIF items in test B

condition 3: five DIF items in the common test of the math forms

condition 4: ten DIF items in test A and there is no DIF in the common test and form B
condition 5: ten DIF items in test A and five DIF items test B

Condition 6: ten DIF items in the common test of the two math forms

When the tests forms don’t include DIF items, the lowest error among the IRT equating
methods looks to be with Mean-Mean method. It is followed by the equating error calculated
by the Haebara method. The highest error was obtained by Mean-sigma method.

In condition 1, the lowest error among the IRT equating methods looks to be with
Stocking-Lord method in conditions B. It is followed by the equating error calculated by the
Mean-sigma method. The highest error was obtained by Mean-Mean method.

In condition 2, condition 3 and condition 5 the lowest error among the IRT equating
methods looks to be given by Stocking-Lord method. It is followed by the equating error
calculated by the Heabara method, one of the characteristic curve methods. The highest error
was produced by Mean-sigma method in this condition.

When condition 4 is examined, the lowest error among the IRT equating methods looks to
be given by Haebara method. Following this method, the points obtained by the Stocking-Lord
method look to have the next lowest error. It is observed that the highest error was obtained by
Mean-sigma method.

When Condition 6 is examined, the lowest error among the IRT equating methods looks to
be given by Mean-Mean method. The error coefficient obtained by the Heabara method
follows. It is observed that the highest error was obtained by Mean-sigma method.

4. RESULTS AND CONCLUSION

Changes in the curriculum, such as test structure, test length, and retention exposure can
create bias among individuals (Stocking & Lewis, 1998). The presence of questions, which
may create a bias in favor of a specific group in one or two of the tests being equated, will affect
the validity of this test (Osterlind, 1983; Zieky, 2002). It is also important to test whether the
anchors items included in the test have DIF (Klein & Jarjoura, 1985; Cook & Petersen, 1987).

In accordance with the purpose of the study, it was investigated that inclusion of the DIF
items in test equating process casts doubt on the accuracy of the scores generated as a result of
equating. RMSD was used as the criteria value because of providing an estimate by combining
the random and systematic equating error (Puhan, 2010; Sinharay & Holland, 2007) and these
RMSD values of IRT equating methods were considered were compared to each other.
Variations in the RMSD value, which was considered as the equating error, were examined with
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respect to the number of DIF items and with respect to which test forms have the DIF items
among the tests to be equated.

Presence of DIF items in any of tests to be equated causes a decrease in errors calculated
by all IRT equation methods. While increasing the number of DIF items only in test A causes
an increase in errors for all methods except for Haebara method, increasing the number of the DIF
item only in common test causes increase in errors for all methods except for the mean- mean method.
Increase in the number of DIF items both in the common test and the basic test causes an
increase in error calculated by all methods. When conditions that include the same number of DIF
items in common test are compared, the presence of DIF items in the basic test also increases
the error.

That there are DIF items in both tests causes it to have less error than the condition where
only test A has DIF items except for mean-sigma method in competing condition 5 and condition 4.
To see this, it can be compared to condition 1 and condition 2; condition 1 and condition 3; condition 4
and condition 6.

When it is examined all conditions including condition where both test forms do not
contain DIF items, generally it can be seen that lowest equation errors are obtained by Stocking-
Lord method and the highest error was obtained by Mean-sigma method during equating done
in the study.

According to research studies that have a common finding is that item characteristic
curve methods give more accurate than moment methods (Beguin, 2002; Kim & Cohen, 1992;
Way & Tang, 1991; Stocking & Lord, 1983; Ogasawara, 2001). Kilmen and Demirtaslh (2012)
also express their study that equation errors are obtained by Stocking-Lord method indicate
less errors than other IRT methods. The ¢ parameter is never considered in the calculation of
the scale factor since the mean-sigma and mean-mean methods derive the scaling factors from
the descriptive statistics of the distribution of b-parameters. We may state that the equating
error obtained by Mean-Mean and mean-sigma methods is higher due to added DIF items being
uniform and being a result of a change of 0.6 unit at B level.

In the literature, there is very little work that compares the methods of equalization on
this subject. Demirus (2015), who examines the effects of items with DIF on the real data, in
case the anchor items display uniform DIF for a group, the mean-mean method produces the
largest error, the mean-sigma method yields the smallest. On the anchor items without DIF the
biggest equating error has been obtained by mean-sigma method and smallest equating error
has been obtained by Stocking-Lord and Haebara methods. This is partly similar to our
findings.

In future studies, the status of mixed-structure test that includes DIF items can be
examined. The DIF level taken the uniformly in this study can be considered at many different
levels. In addition, as a different dimension of this study, it is possible to examine how the
results will be observed when the skill levels of the groups receiving the tests to be equal are
different.
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Abstract: Assessment and evaluation instruments provide teachers the
opportunity of shaping education in the beginning, contributing to education
during the process and evaluating education at the end of the process.
Textbooks, on the other hand, are resources that present the aforementioned
contributions to teachers at first hand. Thus, the study aims to compare the
distribution of assessment and evaluation instruments in the physics textbooks
being used in the academic year of 2011- 2012 and 2016-2017 according to
units, settlement within units and types of assessment instruments that are
used. For that purpose, 9, 10, 11 and 12" grade textbooks being used in
physics lessons in the academic year of 2011-2012 and 2016-2017 were
examined via document analysis method. As a result of the study, it was
determined that the highest number of assessment instruments in physics
textbooks from two different years was encountered in the unit of force and
motion. The reason for this unit having higher number of questions could be
associated with higher number of mathematical operations in the unit intended
for allowing students to overcome their mathematical deficiencies by
practicing such questions. It was observed that the number of questions was
increased especially in the books being used in the academic year of 2016-
2017 and alternative assessment instruments were fewer than traditional
assessment instruments. Traditional assessment instruments are still used very
frequently in the textbooks, which proves the effect of traditional approaches
in assessment and evaluation. Another reason for this condition is that a result-
oriented evaluation is used in the university entrance exam. In the light of
these results, it is suggested to make the university exam student-centered
rather than making an arrangement in textbooks.

1. INTRODUCTION
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Change has an important place in human life. Individuals feel the need to develop and
change themselves, depending on their environment, living conditions and cultural factors
since they are born. The education and training activities carried out in the schools are
important for the implementation of these changes in the lives of the individuals. Education
and training institutions need to constantly renew and develop themselves in order to have the
power of competition and sustain their assets, reach their goals effectively and efficiently
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(Calik, 2003). The changes in the education programs need to be regulated in order to gain new
values together with the developing society and to gain the attitudes, values, and information
that are necessary for the changes taking place in relation to culture, politics and the external
world (Erdogan, 2015). For this reason, changes in educational curricula are carried out by
taking into consideration learning environments, schools, teachers, students and learning
materials (Kiiglikozer & Bostan, 2007).

A curriculum developed in line with a specified philosophy helps teachers organize
teaching and learning activities while writing textbooks, selecting technology and teaching
materials to use (Kaya, 2013). Textbooks play an important role in presenting to practitioners
by taking changes in the industry, technology, and other fields into account. At the same time,
they can be expressed as resources to help to narrate the basis of teaching programs (Yigit,
Alev, Ozmen & Akyildiz, 2009). Textbooks avail not only to teachers to lecture systematically,
the better use of their power and present the lesson, but also to students to review courses
whenever they need and to learn by going over the lessons that are not being understood
(Kiigiikahmet, 2003).

Since 1992, a renewal study has not been carried out in the physics curriculum and the
same curriculum and textbooks have been used. However, as a result of the renovation studies
carried out in primary school science courses and consequently the constructive approach-
based studies practiced in the schools, renewal studies in secondary education, which is the
continuation of primary schools, became inevitable and from 2007 onwards the physics
curriculum gradually entered into force. It has been taken into consideration that learning
experience gets easier, meaningful and permanent in natural environment when needed and
that the association with real life events to teach physics concepts and laws in the physics course
curriculum (Arslan, Tekbiyik & Ercan, 2012). However, due to various problems while the
program is running and the need for renewal with the developing technology, the physics
curriculum has been updated in 2013. Textbooks prepared in line with the updated program
started to be used gradually starting from the 2013-2014 academic year. Features of the
renewed physics curriculum are stated as; the clarification of the classes with accompanying
units by Yigit (2013), the step-by-step application by teachers of the models or methods
mentioned in the books, the liberalization of the program structure and the decrease in the
number of gains.

One of the innovations seen in physics textbooks with the curriculum renewed in 2007
has been in the part of assessment and evaluation. In addition to the traditional approach,
alternative assessment and evaluation are now being used for assessment and evaluation. In the
textbooks, process evaluation, authentic tasks, application of information, creation of
evaluation criteria with clear and significant criteria, performance tasks and evaluation with
multiple methods have come into the forefront. Those contribute to the success of the students,
student-centered approach, multidimensional evaluation, evaluation of multiple truths,
feedback, continuous assessment, evaluation of senior skills and clear results (Gomleksiz,
Yildinnm & Yetkiner, 2011). In the physics curriculum renewed in 2013, following topics are
emphasized in the area of assessment and evaluation; "to associate teaching and assessment
and evaluation with each other, to make plans for assessment, to prepare valid and reliable
assessment tools, to use various assessment methods, to use metrics that require the use of
information instead of recall, to measure the learning and development of the learners
frequently, to measure not only results but also process, to measure the goals stated in the
curriculum, to make use of registration and scoring methods, to make evaluation and feedback
at the beginning, at the end of and during the education™ (MEB, 2013).

Due to the significant contributions to education and teaching, studies conducted in the
field of assessment and evaluation also vary. However, studies are usually focused on opinions
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of teachers or teacher candidates (Ataman & Kabapinar, 2012; izci, Goktas & Sad 2014;
Oztiirk, Yalvag Hastiirk & Demir, 2013; Peker & Giille, 2011; Saglam Arslan, Aver & lyiybil,
2008; Tay, 2013). The way in which ideas of teachers change as much as the ideas need to be
examined in terms of different variables. In this context, textbooks are the most used resources
for the teachers during the course preparation (Nakiboglu, 2009). For this reason, the
examination of textbooks in terms of assessment and evaluation will be accompanied by an
evaluation of teachers' opinions. In this regard, one more variable among factors that influence
teachers' opinions will come to light, so a different dimension will be added to the work in this
direction. Despite the fact that studies on the field of assessment and evaluation in the textbooks
are not available for physics courses, they are available in Biology, Turkish, Science and
Mathematics courses (Arslan & Ozpiar 2009; Cetin & Cakar, 2013; Goger, 2008; Tabak, 2007;
Tasdere, 2010). However, in some of the studies, assessment and evaluation are examined in
one section, while others focused on assessment and evaluation-program adaptation.
Assessment and evaluation studies carried out for textbooks should be emphasized in terms of
physics lecture.

The subjects such as visual evaluation, content-curriculum adaptation were investigated
in the studies carried out considering the physics textbooks (Ayvact & Devecioglu, 2013;
Cepni, Ayvaci, Senel Coruhlu & Yamak, 2014; Giizel & Adibelli, 2011). Research has been
carried out in the textbooks examined, focusing on only one class, without considering all
levels. In the studies carried out on these books, mostly textbooks which were gradually used
in 2007 were taken into consideration. The evaluations were carried out by referring to teachers'
or teacher candidates' opinions. Teachers need to be supported by studies that take into
consideration direct textbooks because they can initially resist to the implementation of the
program and can assess it in this direction. For this reason, studies should be carried out by the
researchers to examine the textbooks in line with the criteria determined in the research.

The revised physics curriculum in 2013 and studies on textbooks that have been in use since that
date are still very new. In the studies carried out, the focus is mainly on comparing the structure
and content of the program and examining the objectives of the program rather than examining
textbooks (Gocen & Kabaran, 2013; Eke, 2016; Kotluk & Yayla, 2016; Yigit, 2013). The
comparison of the physics curriculum was carried out by taking into consideration the various
items found in the curriculum. In addition, examining the gains in the program in the priority
of various models or theories can be given as an example of the work carried out on the
program. However, no study has been done on textbooks prepared in accordance with the 2013
curriculum.

As it can be understood from the literature reviewed, physics textbooks have not been
adequately examined in terms of assessment and evaluation. The examination of physics
textbooks, which are among the most important resources of teachers, in terms of assessment
and evaluation is also very important for the renewal and development studies to be carried out
in the programs and books. The studies carried out for the assessment and evaluation in the
textbooks are an important source for the development of other teaching fields.

The main purpose of the study is to compare how the assessment and evaluation tools in
the physics textbooks used in the 2011-2012 and 2016-2017 academic years are distributed
according to the types of units and types of measuring instruments. The reason for choosing
textbooks used in these years is due to the fact that figural arrangements have been made in the
physics curriculum in previous years. Two sub-problem responses were sought in this
direction.

1. What is the distribution of assessment and evaluation instruments in the physics
textbooks of both years according to the units and the placement in the units?
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2. Which assessment and evaluation instruments were included in the Physics textbooks
of both years?

2. METHOD

The origin of the study is based on the qualitative research design. Qualitative research
takes into consideration the qualitative data collection methods such as observation, interview,
document analyses and takes the events and situations as a whole in their natural environment
(Yildirim, 1999).

In this study, document analysis in the qualitative research category was used. In this
process, the sources and the required information are examined, and then the thoughts and ideas
to be reached get clearer with the syntheses made and the classification of the data according
to the specific properties (Cepni, 2007). The method of document review is divided into two
areas as general screening and content analysis (Karasar, 2007). Content analysis is to analyze
the printed and visual materials thematically by specific categories (Saban, 2009). For this
reason, in the scope of the document examination in the study, the data were analyzed in
accordance with the content analysis.

In this context, the 9th, 10th, 11th and 12th class physics textbooks prepared by the
Ministry of National Education in the 2011-2012 academic year and the 9th and 10th class
physics textbooks belonging to Tuna Printing Company and the 11th and 12th class textbooks
belonging to the Dikey publishing in the 2016-2017 academic year are taken into consideration.
In the study, assessment and evaluation tools at the beginning of the units, through the units
and at the end of the units with these units are examined and the results are compared.

2.1. Analysis of Document Review Data

In the analysis process of the data, the documents were analyzed using two different
criteria for each textbook. In the first phase of the study, classes and units were taken into
consideration and a categorization was carried out for questions. In the second stage, the
examined textbooks are classified according to the assessment and evaluation tools they
contain. In the data analysis process, questions in physics textbooks are classified separately
according to their placements as at the beginning, through, and at the end of units.
Subsequently, these questions were presented in a single table comparing the different years,
taking into consideration of the units. In the second phase of the study, assessment and
evaluation tools were categorized according to their types. Expert opinions were consulted at
unsteady points and the question was placed in an appropriate category in this direction. After
the necessary data were obtained, the assessment and evaluation tools were grouped in itself
included in each class were grouped composing first tables. Thus, 8 tables belonging to
different classes appeared. In the second stage, these tables were combined taking into account
the assessment and evaluation tools. Here, questions at the beginning of, through, and at the
end of units for all classes are shown comparatively.

In the study of physics textbooks for the 2011-2012 academic year, the electric and
magnetism unit category includes electricity and magnetism in the 9th grade, electricity in the
10th grade, magnetism in the 11th grade, and electrical and electronic unit in the 12th grade.
In the study of physics textbooks for the 2016-2017 academic year, the material and its
properties category includes the material and its properties and heat and temperature in the 9th
grade, pressure and buoyant force units in the 10th grade. In the force and motion category,
there is force and motion in the 9th and 11th grades, regular circular motion and simple
harmonic motion in the 12th grade. The waves category includes waves in the 10th class and
wave mechanics in the 12th class. In the modern physics category, introduction to atomic
physics and radioactivity, modern physics and technological applications of modern physics
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are included in the 12th class. In addition to these, the nature of the physics in the physics
textbooks used in the academic year 2011-2012, and the contents of the introduction to science
of physics used in the academic year 2015-2016 are the same, that's why they are combined
into the introduction to science of physics. In the last stage, the tables were used to put the data
into writing.

3. FINDINGS

The first part of this section describes the assessment and evaluation tools used in the
physics textbooks used in the 2011-2012 and 2016-2017 academic year, taking into account
class levels and units, and the second part shows the assessment and evaluation tools in the
same books.

3.1. Distribution of Assessment and Evaluation Tools in the Physics Textbooks by Units

In this section, the assessment and evaluation tools included in the old and new physics
textbooks were presented grouped according to the units they are in.

Table 1. Distribution of assessment and evaluation tools in the physics textbooks by units.

9™ Grade 10" Grade 11" Grade 12" Grade
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2 08 5 52 8 % %2 % &8 % s

£Es £ 5 £ 2 0§ & 9§ B g =

ONONGONONONONONGONONGONTO N
Introduction to_ 1 214 325 16 9 10 58 21
science of physics
Energy 3 20 15 44 18 64 36
Matter and its 5 7 16 27 42 3 6 61924 6 25 8 24 122 9
properties
Force and motion 3 21 15 51 26 14 17 19100 30144 6 31 27 90185 409
Electricity 6 35 310 13 21 27 7 68 26112 5 28 138 223
magnetism
Waves 11 30 3 8 521 27 3 30 12 1 31 40146 76
Modern physics 7 19 6 26 11 13 25130 94 143
Stars to quasars 9 11 20
Atoms to quarks 13 5 16 34
Optic 3 6 36 45
Total 1 13 79 49212102 12 45 30 97114 50168161256 56 45161260861 1049

O: Physics textbooks used in 2011- 2012 academic year
N: Physics textbooks used in 2015- 2016 academic year

When the total number of questions is taken into consideration as seen in Table 1, the

questions in the new textbooks (books in the academic year of 2016-2017) are more than the
old textbooks (books in the academic year of 2011-2012). When the units are examined, the
most of the questions are in the force and motion unit in both books. Electricity, magnetism
and matter and its properties follow this unit. The least of the questions belongs to the unit of
stars and quasars and the unit of atoms to quarks in the old textbook, the unit of introduction to
science of physics and the unit of energy in the new textbooks.

When the distribution of the questions in the units are examined according to their
placements whether they were beginning of the units, in the unit and end of the unit, in the 9th
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grades there was only 1 question at the beginning of the unit in the old textbooks. In the new
textbooks, there are 13 questions in the 9th grade and 12 questions in the 10th grade at the
beginning of the unit. When through the unit evaluation questions are examined, the most of
the questions are in the 11th grade of the new textbooks. In the old textbooks, through the unit
most of the questions are included in the 9th grade. The number of questions in the other grades
is approximately equal. Looking at the end of unit questions, there are more questions in the
old textbooks than the new textbooks in the 9th grade only when compared with the textbooks
in the two different programs according to the grade level. In other grades, the number of
questions in the new textbooks is higher. Especially in the 11th and 12th grades, the number of
end of unit questions is higher. The most questions at the end of the unit are at the 12th grade
in the new textbooks.

When the unit of force and motion is examined, it appears that only new textbooks of the
10th grade do not include this unit, all other textbooks included it. In this unit, old textbooks
do not include questions at the beginning of the unit, while new textbooks make use of
questions at the beginning of the unit in grades 9 and 10. When the question distribution of the
same unit is examined, the most questions are placed through and at the end of the new
textbooks of the 11th grade. The electricity and magnetism unit is another unit that is frequently
included in both textbooks and contains many questions.The unit is included in all the classes
in the old textbooks while it is not in the 9th and 12th grades in the new textbooks. When the
number of questions is examined, it is seen that the most question distribution is through the
unit and at the end of the unit in the 11th grade new textbooks. Although matter and its
properties unit are included in all grades in the old textbooks, this unit is not available in the
11th and 12th grades in the new textbooks. When the total number of questions belonging to
the same unit is examined, the number of questions in the old textbooks is more. When you
look at the number of questions by the grades, the most questions about this unit are at the end
of the unit of the 9th grade in the new textbooks.

Waves unit is included in all classes in the old textbooks, while it is in 10th and 12th
grades in the new textbooks. In the same unit, through unit questions are more in the old
textbooks. End of unit questions in this unit have a higher number in the new textbooks.
Whereas the modern physics unit was in the 10th, 11th, and 12th grades in the old textbooks,
it is only in the 12th grade in the new textbooks. In the new textbooks, 130 questions were
found at the end of the unit meanwhile in the old textbooks, there are 94 questions in all units.
However, in the old textbooks, the number of questions through the unit and end of the unit is
closer to each other. Introduction to science of physics unit is only in the 9th grade in the new
textbooks. It is included in the 9th and 12th grades in the old textbooks. In the old textbooks,
the only question that is at the beginning of the unit belongs to this unit. However, the number
of questions in both units in these two textbooks is considerably less than in other units. The
energy unit is only in the 9th grade in both textbooks. The total number of questions in the old
textbooks is about close the number of questions in the new textbooks. In the new textbooks,
there are about the same number of questions at the end of the unit and through the unit, while
in the old textbooks the number of end of unit questions is about close the number of questions
through the unit.

Atoms to quarks unit is in 11th and 12th grades in the old textbooks. Whereas in the 11th
grade, there are only 13 questions at the end of the unit, in the 12th grade, there are five
questions through the unit and 16 questions at the end of the unit. Stars to quasars unit is only
in the 11th grade in the old textbooks. Although there are close numbers of questions through
the unit and at the end of the unit, this unit is less than the other units in terms of the total
number of questions. Optic unit is the only unit that exists in the old textbooks but not in the
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new textbooks. This unit is in 10th grade. Although there are a few questions through the unit
and at the beginning of the unit, there are more questions at the end of the unit than those.

3.2. Distribution of Assessment and Evaluation Tools in Physics Textbooks

In this section, the assessment and evaluation tools included in the physics textbooks are
examined and presented according to their situations in the class and the unit.

As seen in Table 2, when the assessment and evaluation tools in Physics textbooks are
examined, mostly open-ended questions are included in the old and new textbooks. When the
distribution of this assessment tool is examined, all the questions at the beginning of the unit
are in this category. Looking at the questions within the unit, open-ended questions are included
in all classes and books, but it appears to be used widely in the 11th grade in the new textbooks.
When examining end of unit questions of the same measuring instrument, it was not used at
the end of the unit in the 9th and 10th grades in the new textbooks, but it was preferred at the
end of the unit in all other books. Multiple-choice questions are the most preferred another
assessment tool. This question type is found in all classes only at the end of the unit. The old
and new textbooks approximately have the same number of this type, but it is less used in the
old textbooks of the 10th class. Gap filling is another assessment tool that is often used in both
textbooks. This measuring instrument was used only in the old textbooks at the 9th grade while
it was used at the end of the unit in all other classes. True false tests are another assessment
and evaluation tool used in the old textbooks of all grades and at the end of the units in the new
textbooks of 10th and 11th grades.

Projects have been preferred in all grades and textbooks. Unlike other measuring
instruments, however, this measuring instrument is used only through the unit in all books.
Research assignments are usually preferred in the new textbooks only through the unit. In the
old textbooks, only research studies were included in the 10th grade, whereas this assessment
tool was used at all class levels in the new textbooks. Matching questions exist in both
textbooks. This measuring tool is used only in the 9th grade in the old textbooks and 9th and
11th grades in the new textbooks. The short answer questions in both textbooks were used
through the unit of the 10th grade in the new textbooks which were found in the 9th and 11th
grades at the end of the units in the old textbooks. Discussion is another assessment and
evaluation technique that exists in both books. This technique has been used in all books
through the unit questions. The question type is found in all grades in the old textbooks but
only in the 12th grade in the new textbooks. Although the problem solving technique is not
used much, both textbooks include it. Despite there is one question through the unit in the old
textbooks of the 10th and 12th grades, but there is one question in the 10th grade in the new
textbooks at the end of the unit.
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Table 2. Distribution of measurement types of assessment and evaluation tools in physics textbooks by classes.

9" grade 10" grade 11" grade 12" grade
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Open-ended 1 13 17 42 43 12 3 21 48 4 152 37 196 1 39 54 60 207 535
Multiple choice 51 53 8 65 45 20 52 60 156 198
Gap-filling 3 40 43 21 49 38 20 30 70 132 182
Meaning analysis table 3 3 2 10 6 24
Project 30 4 3 4 1 2 2 1 36 11
True false tests 54 13 6 20 20 16 70 103 96
Diagnostic branch tree 5 2 5 3 15
Table filling 10 4 4 1 19
Discussion 12 9 5 2 2 28 2
Poster 2 4 7 13
Pairing 2 6 7 9 6
Short answer 6 4 4 10 4
Problem solving 1 1
Information map 1 1 2
Performance 11 23 42 76
Discussion 1 1
Crossword 2 2
Concept cartoons 1 1
Research 3 8 3 4 3 8 13
Concept mapping 5 5 6 16
Problem solving 1 1 1 2 1
Modelling 1 1

O: Physics textbooks used in the 2011-2012 academic year
N: Physics textbooks used in the 2015-2016 academic year
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Although modeling is the only assessment technique that is used in the new textbooks
but not used in the old textbooks. This technique is only included in the 10th grade in a question
through the unit. Assessment and evaluation techniques included only in the old textbooks are
semantic feature analysis, diagnostic branched tree, table filling, posters, information map,
performance, debate, puzzles, concept cartoons and concept mapping. Performance tasks are
the most preferred of these techniques. This technique has been frequently used through unit
questions in grades 10, 11, and 12. Meaning analysis tables were used at the end of the units in
all grades, but only in grade 9 it is used through the unit. The diagnostic branched tree was used
at the end of the units in all classes. Table filling was found through the unit and at the end of
the unit in the 9th grade, while it was never used in the 11th grade. It was preferred at the end
of the units in the 10th and 12th grades. Posters were in the 9th, 10th and 11th grade, although
they were not in the 12th grade. Concept mapping were at the end of units in grades 10, 11 and
12. The information mapping was used only in the 9th grade through the units and at the end
of the units in one question, the debate was used in the 12th grade in one question through the
unit, the puzzle was used in the 9th grade only in two questions at the end of the unit and
concept cartoon was used only in one question in the 9th grade at the end of the unit.

4. DISCUSSION AND CONCLUSION

When the number of questions is examined, the least number of questions is in the units
of stars to quasars and atoms to quarks. The mentioned units do not require much mathematical
processing. In the old and new physics textbooks, most of the questions belong to the force and
motion unit. In both books, this unit is followed by the units of electricity and magnetism and
matter and its properties. It is known that there are many questions that require mathematical
operations in these units. The force and motion unit is seen as a unit requiring the most
mathematical knowledge by physics teachers (Baskan, Alev &Karal, 2010; Bayrak & Bezen,
2013). It is believed that the high number of questions in these units would allow students to
practice more to close the mathematical deficiencies. Yet, Karakuyu (2008) states that students
have difficulties to perform mathematical operations in physics classes. Although concept-
based teaching is emphasized, It is clear that questions require mathematical processing in
physics courses cannot be excluded. This result shows that physics cannot be abstracted from
mathematics (Baskan, 2011).

In all textbooks, the number of questions at the beginning of the unit is very few. This
number is only one in the beginning of the unit in the old textbooks, and scarcely any in the
new textbooks. However, the beginning questions of the unit have an important place in the
examination of the students' knowledge and in arousing interest. This is completely ignored in
the textbooks. When examining the question distribution in terms of units in the old and new
textbooks, the number of end of unit evaluation questions is more than the number of through
unit assessment and evaluation. It may be a consequence of the traditional approach being
influenced while preparing textbooks. The traditional approach is based on the narrative
method and the students are evaluated by end of topic questions. Similarly, it has been pointed
out that textbooks are influenced by the traditionalist approach in the study of primary school
mathematics books conducted by Arslan and Ozpmar (2009). It cannot be expected that the
students will go beyond memorization with the courses prepared and the books used according
to this approach. Particularly in newly prepared textbooks, the number of end of unit questions
is considerably higher than in the old textbooks. It is known that physics teachers do not have
enough knowledge about alternative assessment and evaluation techniques and they focus on
measuring results rather than process oriented assessment (Akdeniz & Pali¢ Sadoglu, 2012).
As a result of this situation, it can be thought that the old textbooks did not reach the aim of
alternative assessment and evaluation. Teachers may also be focused on evaluating results in
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new textbooks because of the feedbacks about the difficulties experienced in implementing the
program.

In the new curricula implemented since the 2004-2005 academic year, the traditional
assessment and evaluation methods are not completely ignored, and it has been argued that
traditional and alternative assessment and evaluation tools should be used together (Yazic1 &
Sozbilir, 2014). However, when assessment and evaluation instruments are examined, it is seen
that old and new books mostly use open ended, multiple choice, gap filling and true false tests.
Besides, the most preferred type of question is open ended questions. Especially in newly
written books, the number of open-ended questions is about close that of old textbooks. A
similar situation emerged in the study by Cetin and Cakir (2013) of the assessment and
evaluation tools in biology textbooks. Ozturk, Yalva¢ Hastiirk and Demir (2013), in studying
the assessment and evaluation approaches used by teachers in science and technology lessons,
found that multiple choice and open ended questions were preferred mostly. One reason for
this is that open ended questions are one of the most appropriate assessment tools for measuring
problem solving and high level skills. Another reason for this may be that the program
developed in 2013 ignores the discoveries and experiments and switches to assessment and
evaluation centered on the university entrance examination system (Yigit, 2013). However, the
university entrance exam should be based on discovery (Bezen, Bayrak & Aykutlu, 2016). As
a result, it is important to remember that students will improve their ability to understand and
interpret by moving away from memorization. In contrast, students focus solely on
memorizing, and ignore comprehension, practice, and evaluation because of existing books.

One of the goals of alternative assessment and evaluation is to spread the measure to the
process instead of a result-oriented approach (Erdogan, 2007). In the old textbooks, many
alternative assessment and evaluation tools such as project assignments, performance task,
discussion, concept mapping were included in the unit to reinforce students' learning of
concepts. As already mentioned in NTCM (1995), one of the purposes of providing such
assessment and evaluation tools in the process is to support learning in addition to revealing
the knowledge of students by alternative assessment and evaluation. However, in the physics
textbooks prepared in 2016-2017, alternative assessment and evaluation tools which are
included in the unit and aimed at process evaluation are given little publicity compared to the
old textbooks. One reason for this is that teachers and textbook authors maybe misinterpreted
assessment and evaluation as a result of the fact that assessment and evaluation examples are
not included in the curriculum developed in 2013 (Gogen & Kabaran, 2013). The 2013
curriculum suggests taking advantage of a variety of assessment methods and indicates them
in the program. However, the assessment tools used in the 2016-207 physics textbooks did not
go beyond open ended questions, gap filling, true false and multiple choice tests. This may be
a sign that new physics textbooks ignore methods that target student centered and alternative
assessment.

When we look at the deficiencies in the 2011-2012 physics textbooks, it is seen that some
assessment and evaluation tools such as concept cartoons and puzzle are given very little
publicity, but some alternative assessment and evaluation tools such as structured grid and
word association test have never been used. In addition, concepts such as concept network,
concept mapping, concept cartoon, diagnostic branched tree and meaning analysis table have
been used always at the end of the unit. Similar findings were also presented by Kavcar (2012).
This can be interpreted as the fact that the program does not adequately understand the criterion
of the alternative assessment and evaluation, and therefore the necessary value is not given.

Projects, performance tasks and table filling in the alternative assessment and evaluation
approaches were frequently used in the 2011-2012 physics textbooks. However, in the 2016-
207 physics textbooks, research and questioning based assessment tools were not used
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adequately. This situation can cause students to become dependent on the textbook without
acquiring knowledge. In addition to this, they can prevent them from going to research and
investigation studies other than the textbook. As a result, the textbooks will be confronted only
as sources that have adopted the traditional approach of narration and are not used much. If
program developers who want their textbooks and curriculums to be implemented and used
may attach importance to evaluating the process for the interests and needs of the students, they
may be able to close this gap to some extent.

Elimination of the deficiencies in the textbooks is one of the most important studies that
increase the quality of education. The incomplete and difficulties in the application are
corrected in line with the feedback from the current program and textbooks. However, when
the old and new physics textbooks are examined, it can be seen that the deficiencies in the field
of alternative assessment and evaluation in the old textbooks have not been solved in the new
textbooks, on the contrary, a traditional teacher centered approach has been experienced. As a
result, students will come back to memorize again and it will result in that the information will
not be used or practiced again.

A successful assessment and evaluation should be at the basis of a successful physics
education and this should not be forgotten in the process (Ko¢ & Yayla, 2015). Alternative
assessment and evaluation may be a good advantage for physics courses, where success is
frequently poor and emphasized by students with negative attitudes. However, if the teachers
are not ready for alternative assessment and evaluation, the students are directed to read and
memorize because of the content of the questions in the university entrance exam. This
situation presents to the students a curriculum of physics lessons that is not parallel to the
elementary curriculum exhibiting constructivist and discovery-based instruction and affects
their development negatively.

In the light of these results, it should not be forgotten that the university entrance exam
has the key role to make students regain the experimenting and discovery which are the essence
of physics. Rather than the arrangements to be made in the lessons, it is firstly necessary to
regulate the university entrance exams with a student centered structure. Later, it is thought
that teachers and students will embrace the student centered approach much more and use it
more frequently in their lessons. As a result of this study, it is suggested that researchers analyze
the content of the questions asked in the university entrance exam and compare the structure
and content of these questions with the data and questions in the current curriculum and
textbooks.
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Abstract: The study was to identify the load, the type and the significance of
differential item functioning (DIF) in constructed response item using the
partial credit model (PCM). The data in the study were the students’ Received: 08 August 2017
instruments and the students’ responses toward the PISA-like test items that Revised: 23 October 2017
had been completed by 386 ninth grade students and 460 tenth grade students  Accepted: 26 October 2017
who had been about 15 years old in the Province of Yogyakarta Special

Region in Indonesia. The analysis toward the item characteristics through the

student categorization based on their class was conducted toward the PCM KEYWORDS

using CONQUEST software. Furthermore, by applying these items DIF,

characteristics, the researcher draw the category response function (CRF)
graphic in order to identify whether the type of DIF content had been in
uniform or non-uniform. The significance of DIF was identified by comparing partial credit model,
the discrepancy between the difficulty level parameter and the error in the

CONQUEST output results. The results of the analysis showed that from 18

items that had been analyzed there were 4 items which had not been identified

load DIF, there were 5 items that had been identified containing DIF but not

statistically significant and there were 9 items that had been identified

containing DIF significantly. The causes of items containing DIF were

discussed.
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polytomous data,

1. INTRODUCTION

In performing a measurement, there should be utilized valid and reliable instruments. By
utilizing instruments that satisfy the both criteria, the measurement results will describe the
aspects that should be measured without being influenced by other factors or other loads that
should not be measured. An instrument that has been influenced by the other factors other that
should be measured certainly contains an error. If the error caused the significance of
performance of testees from many groups, it called with bias (Ogbebor & Onuka, 2013).

The bias of a test and a measurement refers to a not good condition, it has unfair meaning,
gives to much pressure or becomes too fanatic toward the object under measurement (Osterlind,
1983). The bias within a test has been an unfair and inconsistent condition that has been
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contaminated by the factors outside the aspects under the test and by the errors in the test
application. This matter shows that the bias within a test and a measurement does not support
the characteristics of a valid and consistent test.

Several researchers provide their limitations regarding the item bias, namely Osterlind
(1983), Shepard (Adams, 1992), Mazor et al. (1995), Budiono (2004), and Retnawati (2013).
A test will be considered biased if two test participants under the same ability from two
different groups do not have the same probability to get a correct response. Therefore, the
unbiased test items are the ones that have been expected to provide the same probability of
providing the correct response among the test participants under the same ability from two
different groups (Adams, 1992; Mazor et al. (1995). There are two types of bias namely the
external bias and the internal bias.

According to Osterlind (1983), the external bias has been a degree in the test score which
shows the correlational relationship of independent variables within a test or an instrument.
Furthermore, he states that the problem of the external bias is the social consequence within
the test implementation such as the fairness in the test administration and the criteria that might
be applied. In relation to this matter, the test administrator has the right to execute the test and
to design the criteria that will be related to the fair decisions within the test. Therefore, the
aspect that should be given attention within the external bias is the test in overall (the construct
validity and predictive validity).

Adams (1992) states that the internal bias which is also known as the item bias refers to
the bias within a test that has been related to the psychometric characteristics of a test item and
a test in overall. The procedures of detecting the biased items are focused mainly on the
investigation whether each test time has similar behaviors or not, namely the similarity in the
measurement of psychometric characteristics. According to Osterlind (1983), a test will be
considered biased if there is evidence from the interaction between the group members and the
test performance in which the different ability or psychological condition among these groups
is controlled.

Several psychometric experts have taken the steps to eliminate the lowering connotation
in relation to the item bias (Holland & Thayer, 1988; Plake, Patience, & Whitney, 1988). The
term that has been used in order to replace the item bias is the differential item performance
(DIP) or the differential item functioning (DIF) (Adams, 1992). The new term reflectes the
objective of the bias detection method in identifying the items that have different functions for
different test participant groups such as the ones that have different facility, different region,
different sex and alike.

Based on the results of international studies such as Programme for International Student
Assessment (PISA), people can attain information that the literacy scores of Indonesian
students has not been satisfying as expected. PISA measures the literacy proficiency that
includes the science literacy and the mathematics literacy. These results show that within the
conduct of PISA international study the Indonesian students’ literacy scores has been far below
the international mean (OECD, 2013). Such unsatisfying results might be explored further in
relation to the development of the Indonesian students’ literacy. Taking a close attention to the
test that has been administered by PISA, the respondents of the test are about 15 years old
students. These students are both the ones in the ninth grade or in the third grade of junior high
school and the ones in tenth grade or the first grade of senior and vocational high school.

The ninth grade students are certainly different than the tenth grade students. The tenth
grade students have been provided with the additional materials within the schools, the families
and the society for one whole year. These additional materials should be investigated further
in order to identify whether they provide additional literacy knowledge or not. In other words,
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whether there has been any DIF load or any different probability of providing the correct
response toward the test items between the ninth grade students and the tenth grade students or
not should be identified. Therefore, this study is to identify the load, the type and the
significance of the differential item functioning (DIF) within the partial credit model (PCM)
polytomous data. The data that will be manipulated in the study are the students’ instrument
and the students’ response toward the PISA-like test items.

There are several methods that might be applied in order to identify the DIF load within
the test items. These methods are classified based on the approach of their underlying theories,
namely the classical test theory and the item response theory. In the approach of classical test
theory, the methods that have been frequently applied are SIBTES, regression, Mantel-
Haenszel (Budiono, 2004), mean covarians (Elosua and Wells, 2013), Lagrange multiplier
(Khalid & Glass, 2013) and HGLM (Acara, 2011). Adams (1992) states that the methods that
might be applied in order to detect the DIF are factor analysis, item discriminative index by
means of point-biserial and partial correlation, item discriminative level test by means of
multiple transformations, ANOVA, item response theory or latent trait, chi-square, log-linear
model and Mantel-Haenszel statistical theory.

According to Bulut and Suh (2017), there are several methods that might be applied in
order to detect the DIF both by means of parametric statistics and of nonparametric statistics.
If one would like to apply the parametric statistics methods, then he or she might apply the
Chi-Square by Lord, the Likelihood Ratio Test and the Signed and Unsigned Area Methods
(Thissen, et al., 1993). On the other hand, if one would like to apply the nonparametric statistics
methods then he or she might apply the SIBSTEST or the Mantel-Haenszel methods. The two
statements are supported by Retnawati (2003) who performed a DIF analysis using chi-square
by Lord and maximum likelihood ratio-test. The methods of both the parametric and the
nonparametric statistics might only be applied on a test that measures only one ability
(unidimension) and not multiple abilities (multidimension). The existing methods of DIF
detection are only found in the unidimension item response theory on the dichotomous score
(Camili and Shepard, 1994), the multidimension item response theory on the dichotomous
score (Kartowagiran & Retnawati, 2008; Retnawati, 2013) and the likelihood maximum ratio-
test (Wang, Yeh, & Yi, 2003).

In the methods of DIF detection by means of item response theory, the DIF is defined as
the different probability of providing correct response between two groups that have similar
ability. In order to identify the probability difference, the probability of test participants’ ability
should be identified first. This probability might be identified based on the item parameter,
which is adjusted to the scoring type. The test participants’ response toward the polytomous
scoring-type test items might be analyzed by applying the partial credit model (PCM)-type
unidimensional item response theory. At the beginning of the polytomous item response theory
development, this model is known more as the expansion of the Rasch model which has been
regarded as Partial Credit Model (PCM). The PCM is a polytomous scoring model that has
been the expansion of Rasch model in the dichotomous data.

According to Muraki and Bock (1997), the general form of PCM is as follows:

exp> (0-by,)
P, (0) = V=0 ,k=0,1,2,...m (1)

g expg(e—ij)
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F;k(e) = the probability of @ ability test participants in attaining the k score category within

the j item
7 = test participants’ ability
m+1 = the number of j item category

= the k category difficulty index in the j item

2(9 b,,) =0 and 2(49 by) = i(e by) @)

The score of category in the PCM displays the number of the steps that might be taken in order
to complete the related test item correctly. The higher score of category resembles the greater
ability than that of the lower score of category. In the PCM, if a test item has two categories
then the second equation will be the Rasch model equation, like the one that has been proposed
by Hambleton and Swaminathan (1985) and that has been supported by Hambleton,
Swaminathan and Roger (1991). As a consequence, the PCM might also be implemented
toward the polytomous and the dichotomous test items.

In the Rasch model, one of the most famous software for analysis is the QUEST or the
CONQUEST by ACER. There are slight differences on the parameter symbols that should be
operated. The location parameter between the two software is ¢jj instead of b. In order to easily
understand the related equation and the interpretation of analysis results, the researcher would
like to display a mathematical model along the item characteristic curve that is also known as
the category response function (CRF).

In order to estimate the parameter along with the n test participants (case/person) and the
i test item with the @ ability and the location parameter of j category in the i test item that has
been equal to oj for the 0, 1 and 2 score category, the researcher formulates the following
equation (Masters, 2010):
1
Y

_ exp(8, — 8;1)

nil [¥7]

exp(26n—8i1—8i2)
Ppip = v 2 (3)

Ppio =

Or in general the above equation will be stated as

__exp(kBp—8i;—8i,——8ix)
Pm'k - qu - ! (4)

with ¥ as the numerator amount of the overall category.

In the analysis parameter esstimation using a certain software, for example CONQUEST,
the & parameter will be decomposed into the difficulty level parameter and the step parameter.
In the 3-category scoring type toward a test item, there will be 2 step parameters and 1 item
difficulty parameter. For example, &;, = b; + 1 with b as the i item difficulty parameter and
T as the k step parameter. The probability of each step will be presented as follows.
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Prio = l
vy
b _ P8y bt )
nilt — 7}
_exp(20, — 2b; + 14 + 13)
ni2 — ']
Y =1+ exp(6, —b; + 11) + exp(20, — 2b; + 11 + 13) (5)

The two groups that respond to the test item which has been identified as DIF will be
regarded as the focal group and the reference group. The DIF index states the difference of
signed area that displays the total probability of providing the correct response in each group.
Camilli and Shepard (1994) named this method as Simple Area Indices. Within the test items
that have uniform DIF, the DIF index might be identified by:

SIGNED-AREA = _[ [P.(6)-P-(6)]do ©6)

and for the test items that have non-uniform DIF, the DIF index might be identified by:

UNSIGNED-AREA = \/I[PR(H)—PF ©f do @)

By applying the concept of different probability in providing the correct response
between the reference group and the focal group, this concept might be applied toward the
function of the probability in providing the correct response in the polytomous data. This
function is implemented in order to estimate the DIF index that has been developed by
Retnawati (2014) by drawing the characteristic curve first. In the test items of polytomous-type
test participants’ responses that involve two categories, the characteristic curve might be seen
in Figure 1.
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Figure 1.a. The item characteristic curve for the Figure 1.b. The item characteristic curve for
focal (1) a = 0.5 and b = -0.5 and the reference calculating the uniform DIF index in PCM with 2
(2) a=1.2 and b -.05 with 2 categories categories

The area between the two characteristic curves is named as the SIGNED AREA, which size
might be calculated mathematically by means of integration method. The coverage of this area
is the DIF index, which has been drawn in the Figure 1.b. Because in certain points, namely
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6 =a, the curve Pj,, and P;;, as well as Pjo; and P;;, are intersecting to each other, the integral
equation for the signed area will be:

~ b
SIGNED-AREA =[ (Po,)d0+ ] (P12)d + [ (Pi22)d0 — [ (Pio1)d0 — [ (Pj11)d6 —

fbc(szl)de (8)

Similar situation also applies in the 3-category polytomous data that are displayed in
Figure 2.a and Figure 2.b. For example, the item parameters of the focal group a = 0.5 are and
b1 =-2.0 and b2 = 1.0, while the item parameters of the reference group area = 1.0 and b; = 2.0
and bo = 1.1. After the item characteristics have been described with the characteristic curve, it
IS apparent that these items contain the uniform DIF. The coverage of the signed area is
formulated through the following equation:

~ b
SIGNED-AREA =[* (Pio;)d0+[ (Pi12)d6 + [~ (Pi22)d6 — [ (Pio1)d6 — [ (Pj11)d6 —

NG (9)

LR RN R AR R RART]

Figure 2.a. The characteristic curve for the focal Figure 2.b. The item characteristic curve for
group (1) and the focal group (2) with 3 calculating the uniform DIF index with 3
categories categories

In the test items that have non-uniform DIF loads, the DIF index might be identified by
paying attention first to the characteristic curve in order to see the integral area. Then, the
integral area should be used in calculating the probability coverage. An example of this
situation will be provided in Figures 3 and 4.
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Figure 3.a. The CRF with 2 categories (containing Figure 3.b. Part of the CRF that might be used in
non-uniform DIF loads) calculating the integral of non-uniform DIF loads
index in 2 categories
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Figure 4.a. The CRF with 3 categories Figure 4.b. Part of the CRF that might be used in
(containing non-uniform DIF loads) calculating the integral of non-uniform DIF loads
index in 3 categories

If the function is considered too complicated, the calculation of this integral might be conducted
through the Rieman sum calculation assistance by turning the integral area into small area
(Varberg & Purchell, 2001) and then calculating these areas by means of numeric approach.
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2. METHOD

The study was a descriptive explorative research that identified the DIF loads in the
polytomous scoring-type PISA-like test items. The approach in the study was the quantitative
one. The study not only identify the load of DIF, but also identify the type and the significance
of differential item functioning (DIF) in the partial credit model (PCM) polytomous data.

2.1. Data Collection Method

The data collection of the study utilized test. The test was the PISA-like test instrument
that had been developed by Wulandari (Jailani, et al, 2015). The test instrument were developed
by adopting the PISA released items from 3 periods (2003, 2007 and 2011); the number of the
items was 21 units. The 4 test items had been the constructed responsewith dichotomous
scoring (0-1) and 17 test items had been the constructed response with 3 category polytomous
scoring (0-1-2).The test contained domain of context (that included the personal context, the
societal context, the occupational context and the scientific context) and the domain of process
(that included formulate, employ and interpret). The PISA-like test were in bahasa Indonesia
and utilizing Indonesian contexts.

2.2. The Participants

The test participants of the study are 386 ninth grade students (third grade students of
junior high school) and 460 tenth grade students (first grade students of senior high school)
whose age were about 15-16 years old. The completion of these items involved the students
from 4 regencies and 1 municipality in the Province of Yogyakarta Special Region in Indonesia
and these students came from both the state schools and the private schools; the category of
these schools are high, moderate and low based on the results of their achievement in the
National Examination. The ninth grade students belonged to the focal group, while the tenth
grade students belonged to the reference group.

2.3. Data Analysis

The item characteristic analysis utilizing classroom-based student categorization was
conducted through the PCM by applying the CONQUEST software (Wu, Adam, and Wilson,
1997). Then, by applying the item characteristics, the researcher draw the category response
function (CRF) graphic in order to compare the discrepancy between the item difficulty level
and the item error.

The detailed steps in performing the analysis would be given as follows:

1) Estimating the item parameter by means of Rasch model both for the dichotomous
data and the polytomous data with the CONQUEST assistance

2) Selecting the fit items by implementing the Rasch model

3) Estimating the item parameters for the ninth grade students’ responses and the tenth
grade students’ responses in the polytomous and the dichotomous data with the
CONQUEST assistance

4) Drawing the CRF with the assistance of EXCEL software in order to identify whether
the items had been neutral, containing uniform DIF loads or containing non-uniform
DIF loads

5) Calculating the DIF index using Rieman sum technique.

6) Determining the DIF significance by comparing the different estimation of item
difficulty level parameters and the two group-estimation error with the assistance of
CONQUEST program, using criterion an item contains DIF significantly if the
discrepancy of the difficulty index is more than twice of its standard error (Adams &
Wu, 2010).
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7) Interpreting the results of the analysis, including identifying the reasons why the items
had been difficult for the students, comparing the substance of the test items and
comparing the position of these materials in the curriculum contain within the schools.

3. FINDINGS

The characteristics of the test item instruments were in the form of difficulty level, step
parameter and model fitness. The results of the analysis would be displayed in the Table 1.

Table 1. The Overall Item Characteristics and Model Fitness

tem Caegoy Lol pametsr parameter VNSO Fies
CR113 2 -2.093 1.02 Fit
CR117 2 -1.676 0.91 Fit
CR119 2 -2.275 0.94 Fit
CR127 2 2.092 1.04 Fit
CR203 3 -1.099 0.369 -0.369 1.06 Fit
CR204 3 -0.694 -0.083 0.083 1.02 Fit
CR207 3 1.084 2.702 -2.702 0.55 Fit
CR212 3 -0.074 1.705 -1.705 0.93 Fit
CR214 3 -2.891 1.097 -1.097 0.96 Fit
CR215 3 0.224 0.680 -0.680 1.16 Fit
CR216 3 0.105 0.861 -0.861 0.92 Fit
CR220 3 0.762 -0.675 0.675 0.94 Fit
CR221 3 -0.867 0.799 -0.799 1.19 Fit
CR222 3 -0.948 0.297 -0.297 0.95 Fit
CR223 3 -0.091 0.523 -0.523 1.00 Fit
CR224 3 0.822 1.576 -1.576 0.61 Fit
CR225 3 0.096 -0.901 0.901 0.95 Fit
CR226 3 0.523 -1.205 1.205 1.16 Fit
CR228 3 3.513 0.56 Fit
CR229 3 2.064 0.86 Fit
CR230 3 1.421 0.90 Fit

Based on the results that had been displayed in the Table 1, all items were compatible to
the Rasch model. There was a tendency that the items that had 2 scoring categories or more
would be easier to compare than those that had polytomous scoring categories. In the last 3
items that are CR228, CR229, CR230 the category parameters did not appear in the analysis
results; instead, the difficulty level parameters appeared in the analysis results. The reason was
that these items had been responded only by some of the test participants. For the item CR228,
only 7.41% of testees got 1 score and none got 2 score. For the item CR230, only 25.53% of
testee got 1 score and only 4.26% got 2 score. Then, the three items were excluded from the
analysis results.

Furthermore, the researcher estimated the parameters of each item both for the ninth
grade students and the tenth grade students. The complete results of the estimation would be
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displayed in the Table 2. Based on the results that had been displayed in the Table 2, the
researcher found that there had been different parameters between the ninth grade students and
the tenth grade students. Although the difference was not prominent, both groups seemed to
have different characteristics.

Table 2. The Test Item Parameters that had been Estimated Separately Based on the Data of the Ninth
Grade Students and the Tenth Grade Students

Item Category  Ninth Grade Tenth Grade

Level Step 1 Step 2 Level Step 1 Step 2

Difficulty Parameter Parameter Difficulty Parameter Parameter
CR113 2 0.023 -0.023
CR117 2 0.230 -0.230
CR119 2 0.847 -0.847
CR127 2 -0.364 0.364
CR203 3 0.194 0.606 -0.606 -0.194 0.364 -0.364
CR204 3 0.155 0.186 -0.186 -0.155 -0.087 0.087
CR207 3 0.275 1.017 -1.017 -0.275 2.698 -2.698
CR212 3 -0.124 1.374 -1.374 0.124 1.701 -1.701
CR214 3 0.670 1.310 -1.310 -0.670 1.089 -1.089
CR215 3 0.068 0.817 -0.817 -0.068 0.676 -0.676
CR216 3 0.009 0.798 -0.798 -0.009 0.857 -0.857
CR220 3 -0.040 -0.951 0.951 0.040 -0.679 0.679
CR221 3 0.531 0.644 -0.644 -0.531 0.796 -0.796
CR222 3 0.018 0.040 -0.040 -0.018 0.294 -0.294
CR223 3 0.115 0.269 -0.269 -0.115 0.520 -0.520
CR224 3 0.308 -0.339 0.339 -0.308 1.574 -1.574
CR225 3 -0.084 -0.881 0.881 0.084 -0.905 0.905
CR226 3 0.143 -0.522 0.522 -0.143 -1.208 1.208

Utilizing the item parameters in the Table 2, the researcher might describe the category
response function for each item and the researcher might identify whether the DIF loads of an
item had been identified or not. Based on the CRF description, the researcher might identify as
well whether an item had been beneficial for the ninth grade students or for the tenth grade
students. An example of CRF description for the DIF analysis toward several items would be
displayed in the Figure 1 until Figure 4.

Also by using the item parameters, the researcher might identify the DIF index by means
of integral that had been approached by Rieman sum calculation. The significance of DIF loads
might be identified from the comparison between the item parameters discrepancy and the
twice of its standard errors that had been calculated by means of CONQUEST. The results of
CRF description and the table of DIF identification toward the overall items would be displayed
in the Table 3.
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Table 3. The Results of DIF Significance Test

Identification Discrepancy Two-

Item Category Type of DIF

Based on the Index Difficulty Standard DIF Load

of DIF Load DIF on the Folded  Significance of

CRF Index Errors

CR113 2 Not Loading - - 0.046 0.236 -

CR117 2 Loading Non-Uniform  0.444  0.460 0.246 Significant
CR119 2 Loading Non-Uniform  1.673 1.694 0.262 Significant
CR127 2 Loading Non-Uniform  0.703 -0.728 0.964 Not Significant
CR203 3 Loading Non-Uniform  0.172 0.388 0.172 Significant
CR204 3 Loading Non-Uniform  0.093 0.310 0.180 Significant
CR207 3 Loading Non-Uniform  3.081 0.550 0.272 Significant
CR212 3 Loading Non-Uniform  0.342 -0.248 0.174 Not Significant
CR214 3 Loading Non-Uniform  0.911 1.340 0.218 Significant
CR215 3 Not Loading - - 0.136 0.186 -

CR216 3 Not Loading - - 0.018 0.182 -

CR220 3 Loading Non-Uniform  0.161 -0.080 0.274 Not Significant
CR221 3 Loading Non-Uniform  0.875 1.062 0.242 Significant
CR222 3 Loading Non-Uniform  0.250 0.036 0.206 Not Significant
CR223 3 Loading Non-Uniform  0.554  0.230 0.224 Significant
CR224 3 Loading Non-Uniform  2.722 0.616 0.460 Significant
CR225 3 Not Loading - - -0.168 0.226 -

CR226 3 Loading Non-Uniform  0.216  0.286 0.330 Not Significant

From 21 items that had been analyzed, 3 items were excluded from the DIF analysis; as
a result, there were 18 items which had been tested. From the overall items and based on the
characteristic curve, the researcher attained information that all items had been identified to
have the non-uniform DIF loads. From the 18 items, there were 4 items which had not been
identified as DIF, there were 5 items that had been identified containing DIF but not statistically
significant and there were 9 items that had been identified containing DIF significantly.

Utilizing items paramaters from Table 2, item characteristic curve can be drawn. From
its ICC, researcher got information about nature of items, in every category. The categories
gave information, wether the step item favored a group of testees. In Figure 5, 6 and 7 explaine
the three items with different cases.

The item with the code CR117 had been a test item with a food context that the students
commonly read, namely martabak. This item had two stimuli namely two types of martabak;
in the test item, there were two martabak with different circular shape and different price but
they had the same thickness. These martabak would be smeared with the combination of two
jam layers and the students, then, were asked to define the amount of the combination.
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Figure 5. The Graphic of Category Response Function for the Item CR117

Although probability had been studied in the eighth grade, this item demanded specific
understanding through the provision of narrative test item. In the item CR117, the tenth grade
students had greater chance to score 1 in comparison to the ninth grade students. The reason
was that such test items had usually been exercised when the students would attend the national
examination; therefore, the tenth grade students, since they used to attend the national
examination, would have higher probability in scoring than the ninth grade students.
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Figure 6. The Graphic of Category Response Function for the item CR127

The item CR127 contained a context where a telecommunication company would like to
build a transmitter tower. In this test item, the students were provided with a stimulus of tower
construction and of government advice with regards to the construction. Through the concept
of distance, the students were asked to provide a reason why the government advice had not
been compatible to the regulations of tower construction. The CRF graphic was displayed in
the Figure 6. In this item as well, the probability to score 1 among the ninth grade students was
higher than that among the tenth grade students. The reason was that the concept of distance
had been an easy concept and had been studied much when these students are in the seventh
grade. As a result, the ninth grade students had greater probability to memorize this concept
than the tenth grade students. It caused the DIF index of the items is equate big, but it is not
significantly contain DIF.

The item C212 was beneficial for the tenth grade students both for scoring 1 and scoring
2. This item was related to the materials of probability that had been used in selecting the soccer
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players who would take on the penalty shootout and who would have a great probability to be
the top scorer. Paying attention to the curriculum that had been applied in the schools, this
material was studied by the ninth grade students in their final period. It was the reason why the
tenth grade students had higher probability to provide the correct response in order to score 1
or 2. The complete CRF graphic for this item would be displayed in the Figure 7.
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Figure 7. The Graphic of Category Response Function for the Item CR212

A quite different matter was found in the item CR212, which also occurred in the item
CR221. The item CR221 had the score 1 category and the tenth grade students had higher
probability to score 1 than the ninth grade students. However, in the score 2 category both the
ninth grade students and the tenth grade students had the same probability. The reason was that
the material in this item had been related to the context of changing the mean values when the
test data changed; this material was studied by the ninth grade students in their final period.
The CRF graphic for this item would be displayed in the Figure 8.
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Figure 8. The Graphic of Category Response Function for the Item CR221

The item CR225 had been one of the items that did not have DIF loads. This item had
been an item that contained the context of constructing fence in such a way that its
circumference would be equal to the length of the wood that the owner had. In order to complete
this test item, the students should use their knowledge regarding the concept of determining
the circumference of all planes. This material was studied in the elementary school and was
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deepened in the seventh grade. Such situation was the reason why the item CR225 did not have
any DIF loads.

The item CR225 was also a quite unique item. In the score 1 category curve, the score of
maximum probability was lower than the probability score in the intersection of O score
category and 2 score category. This situation indicated that in this item there had been few
students who scored 1 and, as a result, this item might be simplified from 3 answer categories
into 2 answer categories. The CRF graphic would be displayed in the Figure 9.
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Figure 9. The Graphic of Item Response Category for the Item CR225

The results of DIF significance test in the Table 3 should be given attention as well. By
benefitting the estimation resulted-item parameters and the Rieman sum calculation, the
researcher attained the DIF index. After the index had been attained, the DIF load significance
test was conducted by comparing the discrepancy between the item difficulty level and the
parameter estimation errors of the two-group. It turned out that testing the significance through
this manner had not been consistent. There were the items which DIF index had been huge but
they did not significantly had the DIF loads. On the other hand, there were the items which DIF
index had not been huge but they significantly had the DIF loads. In relation to this situation,
there should be another study that should pay attention to the comparison in the methods of
DIF load identification by using the polytomous data.

Observing each item containing DIF, the most of items contain DIF favoring students
aged about 15 years who were in Grade 10, and not favoring students who are about 15 years
old but was in grade 9. Based on these results, it can be described the reason why the same age
but different classes have the different probability to answer items of PISA-like rightly. The
recapitulation of the content and step of items load DIF significantly were showed in Table 4.

Table 4. Recapitulation of content and steps of items load DIF significantly

Step Favore testees from class

Item Content 1 )
CR117 Uncertainty 10 -
CR119 Statistics and Data 10 -
CR203 Geometry - 10
CR204 Geometry - 10
CR207 Statistics and Data 10 9
CR214 Uncertainty 10 10
CR221 Statistics and Data 10 -
CR223 Arithmatica 10 -
CR224 Geometry 10 -
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4. CONCLUSION AND SUGGESTIONS

The results of the analysis showed that from 18 items that had been analyzed there were
4 items which had not been identified as DIF, there were 5 items that had been identified
containing DIF but not statistically significant and there were 9 items that had been identified
containing DIF significantly. Many items favored students in grade 9, and another items
favored students in grade 10. They were caused by the content of items and depended the
posision of the content in the curriculum.

The students aged about 15 years who were in grade 10 had finished studying the subject
more than students of the same age, but was in grade 9. It can be seen from the curriculum
standards of education in Indonesia (Kementrian Pendidikan Nasional, 2006; 2016). The
chapter about statistics and data, and also uncertainty has been learnt by student in the end of
9th, so that those items with this content benefit students in grade 10. Other factor was students
of grade 10 has been pass the national exam. Before take this exam, students did a lot of
exercises accompanied by deepening material (Sumarno, Sumardiningsih, Muhson, Retnawati,
Basuki, 2011). The second thing is what affects the DIF load those polytomous items shaped
mathematical literacy is more favor group of participants in grade 10, when compared with a
group of students from grade 9. This gives a hint of the development of mathematical literacy
skills from grade 9 to grade 10.

The reseach result about DIF load in items of literacy test is in line with many research.
The reseach result of Akour, Sabah, and Hammouri (2015) shows that many science items of
PISA test contain net and global DIF, and so do in the reading items (da Costa & Araujo, 2012).
In mathematics items of PISA, many items in multiple choiche format load DIF favouring male
and many items in constructed response load DIF favouring female (Lyons-Thomas,
Sandilands, & Ercikan, 2014).

Some future research can be done related to the results of this study. The comparison
difficulties of students grade 9 and grade 10 to solve the problems or questions of PISA released
items or PISA-like can be done. The development of mathematical literacy skills in grades 9
and 10, or grade level more can be done, either by utilizing the approach of classical test theory
and item response theory. Details of students' skills in mathematical literacy, such as domain
content, context, and process can be further investigated. The studies result can then be utilized
for the improvement of the learning of mathematics.
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Abstract: In musical instrument training, piano has been taught as a ARTICLE HISTORY
compulsory instrument in all departments of Music Education. It is thought Received: 22 September 2017
that as a major instrument, piano plays a crucial role in music education.
Without question, it is highly vital to raise individuals' awareness of learning
styles towards learning piano in effort to practice piano courses more
efficiently and effectively. In this respect, the present study is of utmost
importance as it will be a pioneer study and make a great deal of KEYWORDS
contributions to the relevant field. The current study was designed to develop
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a valid and reliable scale. The population of the study consisted of 170 music Learn!ng,

teacher candidates majoring in Music Education, including those who Learning styles,
already took piano lessons. Although the study successfully accessed to the Individual Differences,
whole sample, only 133 scales were included to the research, due to Piano training

inaccurate or incomplete data in subjects’ responses. To test the construct
validity of the scale, explanatory factor analysis (EFA) and confirmatory
factor analysis (CFA) were used. The original scale consists of four sub-
dimensions, namely, independent, analytical, dependent and affective
learning styles.

1. INTRODUCTION

Individuals living in an age of information are compelled to learn on their own to
achieve key elements of learning such as information, skill, attitude and understanding as
these learning elements increase and change day by day. In such an age of information in
which the information is easily distributed along with the easy access to information, learning
and teaching processes should leverage students' individual developments and allow them to
adapt innovations. In this context, individual differences should not be ignored and we should
strive to find out each student's learning styles and help them to set up a learning
infrastructure in their learning process. Today, in modern day education, there is a known fact
that what's important is not what a teacher teaches, but how and to what extent a student can
learn. An efficient and effective learning will only be achieved as long as such sense of
education is adopted. Erden & Akman (2002) highlighted that the one of the critical aspects
distinguishing humans from other living creatures is their learning capacity. As biological
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creatures, humans learn several behaviours in a short time. Firstly, new born humans
consciously start to smile to everyone, to learn, to walk and to speak. Then, humans learn to
wear, to play with their friends, to read, to write, to play football. Each of them has its own
process and each behaviour exhibited in this process is a learned behaviour.

Students are those who achieve learning and all kinds of students’ personality traits
influence their learning process positively or adversely. Neuropsychological, psychological
and physiological aspects of students will shape their future of learning process. Thus, the
concept of individual differences becomes prominent. According to Siiral (2008); Ryan,
(1974); Kulik, (1974); Swanson & Denton (1977), several studies were conducted to
investigate how effective individualized teaching was. In previous studies, academic
achievements of students who attended courses using direct and critical instruction methods
were compared with those of students learning in an individualized teaching system. In this
respect, the results revealed that students learning through individualized teaching methods
exhibited a high success (Senemoglu, 2003).

Individualized teaching is a method of teaching in which students do not perform under
time pressure; pace of learning is based upon each learner's interest and abilities; individual
learning tools, instruments and warning options are delivered to students pertaining to their
learning styles; and a continuous feedback is presented to keep students updated about their
learning improvements (Tandogan, 2002).

The concept of individual differences refers to various individual aspects. The very first
aspects that come to mind are intelligence, ability and skills, personality traits and learning
styles. Individual differences have drawn for many years the attention of the researchers.
Educationalists felt the need to explain individual differences. While the concept of
individual differences encouraged educationalists to further carry out theoretical studies,
individual differences were often neglected in practice. Yet, the fact that each person has a
unique character should be considered (Aydogdu & Kesercioglu, 2005). As it is known, there
is no fixed standard for learning information in the same way. Individuals’ learning styles also
are different from each other, which should not be ignored and learning environments should
be arranged and diversified in this sense. If teaching is performed in such an environment, it
will not only contribute to students’ academic success but also strengthen their attention span
in the learning process. Thus, it is highly vital to identify students’ learning styles to achieve
these goals. Both teachers and students should be aware of learning styles.

Each person learns in a different way. Each individual is inclined to adopt natural, easy
and comfortable learning styles for themselves like the same way they do when they prefer
their hairstyles, clothes and food choices. These learning styles allow individualists to
effectively access to information with minimum energy and time. Thus, each individual has
their own learning styles. As it is an inborn ability, it influences every moment and dimension
of human behaviours through their life (Aydogdu & Kesercioglu, 2005). Learning style is
related to student’s individual aspects and preferences. Whereas each individual has unique
learning style, they also react to learning. A sense of education in harmony with a student's
psychology and environment is the best learning environment for a student (Simsek, 2007).

Several studies were conducted in the field (Altun, Yurga, Zahal, Giirpinar, 2015;
Arslan & Babadogan, 2005; Askar & Akkoyunlu, 1993; Babacan, 2010; Bas & Beyhan,
2013; Bozkurt & Aydogdu, 2009; Demirtas, 2017; Duman, 2008; Deniz, 2011; Gencel, 2007;
Hasirc1, 2006; Kaleli-Yilmaz, Koparan,; Hanci, 2016; Kaya, Bozaslan, Durdukoca, 2012;
Kulag, Sezik, Asci, Giirpinar, 2015; Kogak, 2007; Kolb & Kolb, 2005; Kurtuldu & Aksu,
2015; Okay, 2012; Pehlivan, 2010; Siiral, 2008; Saritas & Siiral, 2010; Simsek, 2007; Zahal,
2014;) and many researchers developed learning style models. However, previous studies
showed that existing learning styles was based on cognitive success of students or they were
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developed to identify individual differences in a general sense. The current study examined
learning styles from a different point of view and aimed to find out to what extend learning
styles of students talented in art activities were shaped. In this sense, the purpose of the study
was to identify learning styles of those individuals talented in playing piano.

As stressed by Say (2001), we can understand piano is important and necessary in
music education as a branch of art education. In the phase of musical instrument training,
piano has been taught as a compulsory instrument in all departments of Music Education. It is
thought that as a major instrument, piano plays a crucial role in music education. Besides,
piano is one of the most common instruments used in typical, private and vocational music
training. Piano is commonly used because of its high technical capacity, polyphonic feature
and broad repertoire (Omiir & Giiltek, 2013). As clearly seen, piano will be in the centre of
education for an individual who aims to attend fine arts education. Without question, it is
highly vital to raise individuals' awareness of learning styles towards learning piano in effort
to practice piano courses more efficiently and effectively. In this respect, Pamukkale Piano
Learning Styles Model was developed by Demirtas & Siiral to fill the gap in the field.

2. METHOD
The present study was designed to develop a valid and reliable scale.

2.1. Study Group

The population used in this study consisted of 170 music teacher candidates majoring in
Music Education, including those who already took piano lessons. Although the study
successfully accessed to the whole sample, only 133 scales were included to the research, due
to inaccurate or incomplete data in students’ responses.

2.2. Data Gathering Instrument

After review of the relevant literature, the scale developed by Karasar (2002) ve Balci
(1995) was selected to use. Accordingly, the following stages were tracked:

1. Pool of Items

2. Expert Opinion

3. Item Analysis

4. Construct Validity of Learning Style Scale

5. Determination of Reliability
The stages mentioned above were outlined as follows:

Pool of Items: In the early stage of scale development process, the following open-
ended question was asked of students concerning their thoughts: “What have been your
experiences in learning the piano since polyphonic instruments were introduced to you?”. The
research was administrated to 3rd grade students majoring in Music Education at the
Pamukkale University, Faculty of Education, Department of Fine Arts Education.

Item Analysis: The collected compositions were closely reviewed and similar
statements were selected. After analysing the statements, scale items were formed and four
different learning styles were identified. Afterwards, the scale was called as “Pamukkale
Piano Learning Styles Scale (PPLSS)”. This study is only applicable to high school and
university students due to the sampling group and item content.

Expert Opinion: Experts were consulted to review the item pool. Accordingly, draft
scale items were finalized.

Construct Validity of Learning Style Scale: In order to test construct validity of the
learning style scale, factor analysis was performed. “Plenty of measurable and observable
questions were prepared in an effort to measure psychological aspects of individuals such as
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attitude, motive, performance and ability. The question of to what extent scale items measure
above-mentioned psychological aspects is related to construct validity” (Biiyiikoztiirk, 2015).
Then, the remaining questions were applied to Pamukkale University students in a pilot
study. Validity level of the scale were analysed through this pilot study. Therefore, construct
validity analysis was carried out via factor analysis technique. After running the factor
analysis, four learning styles were determined; 25 out of 55 items were excluded and the
original 30 item scale was developed.

Given the scale items measuring learning style, items measuring independent,
analytical, dependent and affective learning styles are 1-5-9-13-17-21-25-29, 2-6-10-14-18-
22-26, 3-7-11-15-19-23-27-30 and 4-8-12-16-20-24-28, respectively.

Table 1. Reliability Coefficients of the Scale and its sub-dimensions

Factors Cronbach’s Alpha Values
Independent Learning Style 792
Analytical Learning Style 792
Dependent Learning Style .758
Affective Learning Style .646
Overall 773

Given the scales are to be used, the level of reliability for preliminary test is expected to
be 0.60 as it is 0.80 for fundamental studies. On the other hand, reliability level for practical
studies should range between 0.90 and 0.95 (Sencan, 2005). While reliability confidents vary
according to types of research in social sciences, reliability confidents for scientific studies
are expected to be 0.70 and the level of 0,85 is expected for studies based on ability, interest
and skill (Sencan, 2005). All scale items were included and Cronbach’s Alpha reliability
coefficient of the scale was found to be .773.

2.3. Data Analysis

Initially, draft scale items were transferred into the computer environment according to
133 teacher candidates’ responses. The score of each item and the total survey score were
calculated. Explanatory factor analysis (EFA) was utilized to test construct validity of the
scale and Confirmatory Factor Analysis (CFA) were carried out to evaluate fit indices of the
factors obtained. The suitability of the data for factor analysis was determined by running the
Kaiser-Meyer-Olkin (KMO) and Bartlett’s tests.

3. FINDINGS

Initially, factor analysis was performed using anti-image correlation matrix. The
diagonal of anti-image correlation matrix should be greater than .50 (Can, 2014). Items
showing a correlation of less than .50 were removed from the survey. The remaining items
were subjected to factor analysis. In light of the anti-image correlation matrix results, the
diagonal values presented in Table 2 vary between .554 (4th item) and .942 (2nd item).
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Table 2. Anti-Image Correlation Matrix
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3.1. Construct Validity of the Measurement Tool (Explanatory Factor Analysis)

The suitability of the data for analysis and sampling adequacy was determined by
utilizing the Kaiser-Meyer-Olkin (KMO) test. The result of our KMO testis .684 and this
value shows that the magnitude of the sample can be characterized as “ excellent” for factor
analysis and sample adequacy is very high (Kalayci, 2010; Sencan, 2005; Tavsancil, 2006;).
On the other hand, the results of Bartlett’s test indicate that the chi square value (y*=
1357.200 (p< .01) was significant. In conclusion, the correlation between variables is high.
The test results are presented in Table 3.

Table 3. Kaiser-Meyer-Olkin Test Results

Kaiser-Meyer-Olkin Measure of Sampling Adequacy .684
Approx. Chi-Square 1357.200
Bartlett's Test of Sphericity Degrees of freedom(df) 435
Sig. .000

The Varimax rotation technique was performed and items with factor loadings less than
.40, items taking place in more than one factor and small items with factor loadings less than
0.10 were extracted from the scale. Yavuz (2005), Biitiiner & Giir (2007) proposed that scale
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items should not be take place in more than one factor, the criteria for ideal value regarding
the difference between the factor loadings should be at least 0.10 and items with factor
loadings less than 0.10 should be called as similar items.

Table 4. Factor Loadings of Pamukkale Learning Style Scale

ITEMS Factors

Item55 725

Item21 J11

Item29 .642

Item18 .629

Item26 .603

Item53 573

Item43 542

Item10 515

Item7 .750

Item36 729

Item19 .661

Item39 .641

Item38 .629

Item23 470

Item15 420

Iteml 420

Item50 726

Item52 716

Item48 716

Item37 .680

Item2 .637

Item46 .626

Item22 433

Item32 742
Iltem12 .654
Item16 .631
Item28 .583
Item20 557
Iltem17 .503
Item47 422

As the absolute value below was determined as 0.40, values less than .40 was
suppressed in items sorted by descending. For this reason, factor loadings given in Table 4
refer to only those factor loadings more than 0.40” (Can, 2014). Factor loadings were
determined as 0.40 to make scale items more qualified and distinctive.



Demirtas & Siiral

Table 5. Eigenvalues of Pamukkale Piano Learning Styles Scale

(Initial Eigenvalues) (Extraction Sums of Descriptive
g Squared Loadings) Statistics
(5]

= S o = & S g

Factors 5 > ESo| = Sol 2c g g
5 | g& =S| 2 | 88| 22| ¢ T

= Eg = g S 5
i) &) S = S e
S 53 IS <
) i 3 )
Independent | 4.702 | 15.672 15.672 | 4.702 | 15.672 | 15.672 | 38.55 7.263
Analytical 3.536 | 11.786 27.458 | 3.536 | 11.786 | 27.458 | 21.22 4.898
Dependent 2.878 9.594 37.052 | 2.878 | 9.594 | 37.052 | 11.68 3.568
Affective 2.071 6.904 43.956 | 2.071| 6.904 | 43.956 | 10.65 2.798

The findings obtained from the factor analysis suggested the presence of four factors
with eigenvalues greater than one. Therefore, we can define “Pamukkale Piano Learning
Style Scale” as a four-factor Scale. As seen in Table 5, eigenvalues of these four factors and
their explained variances were shown. The factors were: “independent learning style” (eight
items), “analytical learning style” (seven items), “dependent learning style” (eight items),
“affective learning style” (seven items). The eigenvalues of these factors, respectively, are
4.702, 3.536, 2.878 and 2.071 and the results of their explanatory factor analysis
demonstrated that these factors, respectively, explained 15.672%, 11.786%, 9.594% and
6.904% of the Pamukkale Learning Style Scale.

It was determined from the explanatory factor analysis (EFA) that these extracted four
factors explained 43.956% of the total variance. Sencan (2005) and Can (2014) argued that
this variance rate is acceptable. Pearson correlation coefficients were calculated to investigate
the relation of the four factors to each other and to the total scale score and the results are
shown in Table 6. Based on the findings presented in Table 2, we see that the relation of the
four factors to each other and to the total scale score was found significant. Depending on the
correlation coefficients of the scale, its reliability is characterized as follows: if it ranges
between 0.70 - 1.00, the reliability of the scale is highly reliable; if it ranges between 0.69 -
0.30, the reliability of the scale is moderately reliable; if it ranges between 0.29-0.00, the
reliability is low (Biiytikoztiirk, 2006).

Table 6. Correlation of the four factors with each other and total scale

Factors Factor 1 Factor 2 Factor 3 Factor 4 Total
Independent L.S. (F1) *

Analytical L.S. (F2) 711 *

Dependent L.S. (F3) .687 .654 *

Affective L.S. (F4) .598 .705 .688 *

Total .857 811 .768 741 *

* All correlations have p< 0.01

According to the correlation analysis of four factors with each other and total scale, the
correlation coefficients between total score and each factors were determined as follows:
“independent learning style” (factor 1) sub-dimension is r= .857; “analytical learning style”
(factor 2) subdimension is r= .811; “dependent learning style” (factor 3) sub-dimension is
r=.768 and affective learning style (factor 4) sub-dimension is r=.741. Consequently, the fact
that the relation between the four factors in the scale and total scale is highly significant
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supports the construct validity of the Pamukkale Learning Styles Scale. The results of the
KMP and Bartlett’s tests were supported as well.

3.2. Language Validity of Pamukkale Piano Learning Style Scale

Pamukkale Piano Learning Style Scale is 5-likert scale of 30 items composed of four
sub-dimensions. In this context, independent and affective learning styles consist of eight
items and dependent and analytical learning styles consist of seven items. The scale was
adapted to English language by three-people team. Afterwards, four out of eight-people group
majored in English Literature and Language was asked to translate English items to Turkish
and the rest of the group were asked to translate Turkish items to English. As a result of the
findings obtained, the scale was finalized in English. Then, English version of the scale was
administrated to 60 students majoring in English Teaching. After 10 days passed, the Turkish
version of the scale was carried out and the relationship between two versions was compared.
In light of the data obtained, significance level was determined using Pearson’s Product
Moment Correlation Coefficient test. In this context, the significance level was calculated as
714,

Table 7. Explanatory Factor Analysis

Research Model

Fit Indices Fit Range Four-Eactors Model
Total Fit Index

¥?lsd 0<y*sd <3 522.17 /1 217=2.40
Comparative Fit Index

NFI 90>->.94 .92

NNFI 90>-> .94 91

IFI 90>->.94 91

CFlI > 95 .95
RMSEA 0.05<-<0.08 0.071
Absolute Fit Indices

GFlI > .90 .90

AGFI > .85 .85
Residual Based Indexes

of Compliance

SRMR .069

RMR .06<-<.08 074

As seen in Table 7 to test the reliability of the four sub-dimensions identified through
explanatory factor analysis, a confirmatory analysis was performed. Results from
confirmatory factor analysis indicated that chi-square was (¥>=522.17), degree of freedom
(df=217, p=0.00) was y*/df=2.40, SRMR= .069, RMR=.074, AGFI= .85, GFI=.90, RMSEA=
0,071, CFI=.95, NNFI=.91, NFI=.92, IFI=.91. CFA revealed that y2 /df ratio is lower than 3.
Other goodness for fit indices computed by CFA were: IFI= .90 > - > .94; NFI = .90 > - > .94;
NNFI =.90 > - > .94; CFI=>.95; RMSEA= 0.05 <-<0.08 and GFI= > .90 AGFI => .85 and
lastly SRMR and RMR = .06 < - < .08. Consequently, the values mentioned above indicate
acceptable fit.
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Figure 1. PPOSO Four-Factor Path Diagram

From this data, it can be said that four dimensional constructions about Pamukkale
piano learning style scale is appropriate. Substance factor coefficients calculated by
confirmatory factor analysis are presented in Figure 1. According to this, item factor direct
correlation coefficients ranged from .70 to .87. The error variances of the items ranged from
.31 to .45. The observed item was found to be significant in scale relations.

4. RESULTS

As a result of the findings obtained, a learning style model was developed to find out
learning style of students playing piano. According to the model, it was understood that
students used four different learning styles while learning the piano. These four learning

9% ¢

styles were named as “independent”, “analytical”, “dependent” and “affective”.

It was observed that students who prefer independent learning style are individual
learners. They don’t need any external factor, a teacher or a friend. Such students can
categorize pieces of music they practice, analyse and interpret them from their own point of
views. They prefer to learn on their own and exhibit high self-confidence. However, since an
individual learner will not benefit from a teacher experience or knowledge, independent
learning style can have some drawbacks in terms of students’ vocational experience and
performance.

Students who prefer analytical learning style adopt a conceptual view. They don’t work
pieces of music as a whole, divide them into sections. Students try different methods and
adopt solution-oriented approach in an effort to reach a solution. They prefer individual
learning as well. Such students like to work in safe learning environments and they like to
divide their works into smaller parts by analysing challenges they encounter. They are good at
reading musical scores. They can decipher musical notation quickly. Such students learn in a



Int. J. Asst. Tools in Educ., Vol. 5, Issue 1, (2018) pp. 90-104

planned way and thereby learn pieces more systematically and faster. This can be seen as an
advantage in students’ learning process. Yet, when students work musical pieces as a whole,
they can barely finish playing in time and they are delayed due to passage works, which is
seen as a disadvantage in terms of analytical learning style.

Students in a dependent learning group wait for an external warning. Guidance of
someone else comforts students and makes students work better when they organize their
studies. As such students always are looking for other resources; they cannot read the musical
notation very well. When they start to decipher a new notation, they first need to hear it from
someone else. They always consult their works to be checked by someone else. In the stage
of working on a musical piece, they try to reach audiovisual resources and they play them by
imitating. A student using a dependent learning style has a more artistic and musical character
as they access to various resources. On the other hand, they have lower self-confidence as
they depend on an external factor and they cannot read the notation very well. They complete
a musical piece of work in a longer period.

A student adopting affective learning style looks for a familiar tune in a musical piece.
Such students can better work if they like pieces of music they play. If they don't like musical
piece, they cannot perform effectively. They mostly prefer to play their pieces over and over
in a wholly way. They always expect to take positive feedbacks during piano courses and if
they take a negative feedback, they alienate themselves from the course. Such students who
play their preferred melodies and pieces can easily learn as they have high levels of
motivation. They can be successful when they find suitable conditions for themselves. On
the other hand, as they always demand to play their favourite pieces, we cannot expect an
efficient and qualified training. Students adopting affective learning style cannot accept their
teachers’ criticism.
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APENDIX 1. Pamukkale Piano Learning Styles Scale

ITEMS

Strongly
Disagree

Disagree

Moderately

Aaree

Agree

Strongly

Aaree

When | learn a new piece of music, I try to find out the period of the piece

! and its background and then study accordingly.

2 | Playing a piece in 2/2 measure allows faster progress for me.

3 It is easier for me to play a piece after | hear it from a friend of mine for
the first time.

4 |1 love to practice my favourite melodies on the piano.

5 When 1 learn a new piece of music, I always examine composers’
characteristics.

5 | practice passage by breaking up a musical paragraph into smaller group
of notes.

7 | 1try to play musical pieces by ear rather than reading notes.

8 I can be a quick learner if | have a chance to practice my favourite piece of
work.

9 | I prefer to use metronome for piano practice.

10 | I practice piano by splitting musical pieces into staves.

11| I get motivated to play a piece after | hear it from a friend of mine.

12 If lecturers make us to love piano lessons, we study harder and learn
better.

13 | When practicing piano, | pay attention to work a piece phrase by phrase.

14 | 1 go through a musical pieces phrase by phrase and then combine them.

15 | As I don’t read sheet music very well, I prefer to memorize a piano piece.

16 | I get motivated if I like the melody of a piece.

17 | I certainly pay attention to nuances of a musical work.

18 | When I learn a new piece, | divide it into measures.

19 I feel confident enough to practice piano only after | hear a piece from
someone else.

20 | I always learn faster if I like piano lessons.

21 | I do finger exercising before playing piano.

22 | | always try to divide a piece into 4/4 measure.

23 To check myself before class, | perform in front of a friend of mine and
ask my friend’s opinion about my performance.

24 | 1 firstly analyse a piece and then consider its level of difficulty.

25 When a new piece of music is assigned to me, | always analyse its
harmonic structure.

26 When | learn a new piece of music, | work on my right and left hands
separately.

27 | I try to play pieces by imitating other’s works.

28 | When practicing, | mostly repeat a piece over and over again.

29 | It is important for me to decipher notation by using finger numbers.

30 | I always try to memorize notation.
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Turkish version of the scale

APENDIX 2. Pamukkale Piano Ogrenme Stili Olgegi

MADDELER

Hig
Katilmiyorum

Katilmiyorum

Az Katiliyorum

Katiliyorum

Tamamen
Katiltyorum

Yeni bir parca ¢alisirken o parganin hangi déneme ait olduguna bakip o
donemin ozelliklerini 6grenerek galisirim.

Pargalarimu ikiser 6l¢ii biciminde ¢alismak beni daha hizli ilerletir.

Parcalarimi bagka bir arkadagimdan dinlemek daha kolay ¢alismami saglar.

Hosuma giden melodileri ¢alismayi isterim.

gl Bl WD

Calisacagim eserin bestecisinin 6zellikleri hakkinda inceleme yapip
aragtiririm.

Calistigim parcayi kiigiik birimlere bolerek pasaj caligmasi yaparim.

~N| o

Nota okumaya ¢aligsmaktansa par¢alarimi kulaktan dinleyerek ¢almaya
caligirim.

Sevdigim bir eser olursa daha iyi ¢alisip cabuk 6grenirim.

Calisirken metronom kullanmay1 tercih ederim.

10

Eserlerimi dizeklere bolerek ¢alisirim.

11

Calisacagim parcay1 bir bagka arkadasimdan dinlemek beni giidiilendirir.

12

Hoca dersi sevdirirse 0grenci daha iyi ¢aligir ve 6grenir.

13

Calarken eserin climlelerini bularak ciimle ¢aligmasi yapmaya dikkat
ederim.

14

Her zaman parcalarimi ciimle ctimle ¢alisip sonra birlestiririm.

15

Notalar1 iyi okuyamadigim i¢in ezber yapmayi tercih ederim.

16

Caligma istegim eserin ezgisini sevmeme baglidir.

17

Bir eserin nilanslarina mutlaka dikkat ederim.

18

Yeni bir par¢a 6grenirken 6l¢ii 6l¢ii caligirim.

19

Kendime giivenerek ¢aligmam igin pargami bir bagkasindan dinlemem
gerekir.

20

Eger dersi seversem her zaman daha hizli 6grenirim.

21

Calismaya baslamadan 6nce parmak egzersizi yaparim.

22

Yeni par¢alarimi her zaman dort 6lgiiye bolerek ¢aligmayi tercih ederim.

23

Derse gitmeden Once kontrol amaci ile bir bagka arkadagima pargami
calarak fikrini alirim.

24

Calacagim parcayi inceleyip zorluk derecesini diigiiniirim.

25

Bir parca aldigimda hemen o parganin armonik yapisini incelerim.

26

Yeni bir pargay1 6grenmeye ¢aligirken sag eli ayri sol eli ayr1 ¢aligmayi
tercih ederim.

27

Eserlerimi baskalarinin ¢aldiklarimi taklit ederek ¢ikarmaya caligirim.

28

Caligmalarim bir eseri bagindan sonuna ¢ok defa tekrar etmekle geger.

29

Desifre yaparken parmak numarasina bakarak uygulamak benim i¢in
onemlidir.

30

Her zaman notalar1 ezberlemeye c¢aligirim.
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Abstract: Measurement models need to properly delineate the real aspect ARTICLE HISTORY

of e.xar.nine§s’ response processes for.meas’urement accuracy purposes. Tp Received: 01 October 2017
avoid invalid inferences, fit of examinees’ response data to the model is

studied through person-fit statistics. Misfit between the examinee response Revised: 07 November 2017
data and measurement model may be due to invalid models and/or Accepted: 20 November 2017
examinee’s aberrant response behavior such as cheating, creative

responding, and random responding. Hierarchy consistency index (HCI)

was introduced as a person-fit statistics to assess classification reliability of KEYWORDS

particular cognitive diagnosis models. This study examines the HCI in terms
of its usefulness under nonhierarchical attribute conditions and under
different item types. Moreover, current form of HCI formulation only Attribute Hierarchy Index,
considers the information based on correct answers only. We argue and
demonstrate that more information could be obtained by incorporating the
information that may be obtained from incorrect responses. Therefore, this
study considers the full-version of the HCI (i.e., FHCI). Results indicate that
current form of HCI is sensitive to misfitting item types (i.e., basic or more
complex) and examinee attribute patterns. In other words, HCI is affected
by the attribute pattern an examinee has as well as by the item s/he aberrantly
responded. Yet, FHCI is not severely affected by item types under any
examinee attribute pattern.

Person-fit,

Cognitive Diagnosis,

1. INTRODUCTION

Measurement models must play an important role in test construction and result
interpretation processes of educational assessments. As a recent measurement model, cognitive
diagnosis modeling has drawn great attention on the grounds of incorporating cognitive
psychology in testing practices. Cognitive diagnosis models (CDMs) are the statistical models
used to identify the knowledge and skills students mastered or failed to master in a particular
domain. To accomplish this, associations between the test items and the measured knowledge
or skills must be predefined. These measured knowledge, skills, cognitive processes, and
problem solving steps are referred to as attributes (de la Torre, 2009; de la Torre & Lee, 2010)
and the matrix reflecting items-by-attributes association is called Q-matrix (Tatsuoka, 1983).
For example, if an item requires the first two attributes out of three attributes measured by a
test, g-vector of this item is specified as [110] in the Q-matrix. Here 1 stands for required
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attribute and O indicates not required attribute. This vector signifies the fact that examinees are
expected to be mastered the first two attributes to reach correct answer.

Starting with the pioneering work of Tatsuoka (1983), various approaches integrating
cognitive theory into psychometric practices have been proposed. The rule space methodology
(RSM: Tatsuoka, 1983), attribute hierarchy method (AHM: Leighton, Gierl, & Hunka, 2004),
deterministic input, noisy “and” gate (DINA: Junker & Sijtsma, 2001), and generalized-DINA
(GDINA: de la Torre, 2011) are among the examples of CDMs. In general, based on the
presence of absence of K measured attributes, at most 2 latent classes can be formed by a
CDM where K indicates the number of attributes to be measured. For instance, when a test
developed for cognitively diagnosis assessment measures three attributes, CDM analysis
classifies examinees into, at most, eight possible latent classes (i.e., {000}, {100}, {010},
{001}, {110}, {101}, {011}, {000}). When an examinee is classified in {100} latent group,
his/her estimated attribute pattern becomes [100], which indicates that the examinee has
mastered the first attribute and has not mastered the second and third. The ultimate purpose of
CDMs is to provide feedback on students’ strengths and weaknesses based on the attribute
pattern, which could be helpful to modify teaching and learning activities.

To evaluate examinees’ performance, CDMs establish the relations between examinees’
response data and their mastery status of attributes within measured domain. Probability of an
examinee’s correct response to a test item is modeled as a function of item parameters and
examinee’s mastery of the attributes (Cui & Leighton, 2009). For example, the DINA model
assumes that an examinee correctly responds to an item as long as the examinee has mastered
all the required attributes required for that item. Thus, for one item, examinees are spread into
two distinct groups (i.e., examinees who have mastered all required attributes for the item and
examinees lacking at least one required attribute). This group-specific deterministic response
can be defined by

K
_ djk
mj = Z Xk
k=1
where, 7,; is deterministic response of group I by item j (i.e., 1 or 0); K indicates total number
of attributes measured by the test; ay; is the group I’s mastery status of attribute k; and gy, is
the k™ element in the g-vector of item j, which indicates whether or not attribute k is required
for correct response of item j.

Item response function (IRF) of the DINA model has a probabilistic component, which
allows possibility of guessing (i.e., responding correctly when not all attributes are mastered)
and slip (i.e., giving an incorrect response when all required attributes are mastered). Given
examinee i’s observed response to item j (i.e., X;;), these two item parameters are denoted as
gj = P(X;j = 1|n;; = 0) and s; = P(X;; = 0[n;; = 1) for guessing and slip parameters,
respectively. Given the item parameters, the IRF of the DINA model is written as

(1-n4) p

P(Xy = 1]a;) = P(X; = 1|ny) = g; 7 (A =)™
where «a; is the attribute pattern of examinee i; 7n;; is the expected response of examinee i to
item j; X;; is examinee i’s observed response to item j; and g; and s; are the guessing and slip
parameters of item j (de la Torre, 2009). For further information on the estimation and

classification of the DINA model, readers may refer to de la Torre (2009).

Measurement accuracy of examinees is directly related to appropriateness of
measurement model, which need to properly delineate the real aspect of examinees’ response
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processes (Cui & Leighton, 2009). For instance, when attributes hold a hierarchical structure
(i.e., some of the attributes are prerequisite to master others), not all 2¥ latent classes are
permissible. Therefore, examinees’ response data should be analyzed accordingly. Thus,
identification of the attributes, attribute structure, and attribute specifications in the Q-matrix
must be precise. Otherwise, invalid inferences about examinees’ knowledge states could be
made. Furthermore, to avoid invalid inferences, fit of examinees’ response data to the model is
studied through ‘person-fit” statistics. By means of person-fit statistics, examinees who are not
being measured well by the test are identified (Cui & Leighton, 2009). Misfit between the
examinee response data and measurement model may be due to invalid models and/or
examinee’s aberrant response behavior (e.g., cheating, creative responding, and random
responding).

Cui and Leighton (2009) have introduced a person-fit index to assess classification
reliability of specific cognitive diagnosis models (e.g., attribute hierarchy model [AHM:
Leighton, Gierl, & Hunka, 2004]). This person-fit index is referred to as hierarchy consistency
index (HCI) as it was also used by Cui (2007) to measure the accuracy of specified hierarchical
structure of attributes in AHM. More information on the index is provided below.

1.1. Hierarchy consistency index (HCI)

Cui and Leighton (2009) introduced a person-fit statistic to detect misfit between item
responses and the cognitive model. This fit statistic is called hierarchy consistency index (HCI)
and ranges from -1.0 to 1.0. Statistics close to 1.0 indicate good fit between examinee responses
and the model whereas statistics close to -1.0 indicate misfit. Definition of HCI is given in
equation 1, which is borrowed from Cui and Leighton (2009), p 436. As it would be seen from
the formula on Figure 1, HCI operates based on the match between an examinee’s observed
item responses and expected item responses based on a hierarchical relationships among
measured attributes.

2 ZJ'escorrecti desj Xij (1 - Xig)
N,

1

HCL, =1-

where X;; is examinee i’s binary response to item j where 0 indicates incorrect response and 1
stands for a correct response; Sc,rrect; 1S an index set that includes items requiring the subset
of attributes required by item j when examinee’s response to item j is correct; X;, is examinee
I’s response to item g where item g belongs t0 Sc,precr;; and N, is the total number of
comparisons for all the items correctly responded by examinee i.

2. ARGUMENT

When index is computed solely for the correct responses, some correct responses require
less comparison than others. For example, imagine a test measuring three hierarchically
structured attributes, in which attribute-1 (Al) is the most basic and attribute-3 (A3) is the most
complex attribute. Here, when an item requiring A3 is correctly answered by an examinee, all
other responses of the examinee are also expected to be correct. Thus, all other item responses
are considered in index computation. Yet, when an examinee correctly responses an item
requiring only Al (i.e., the most basic attribute) only, only the items requiring sole Al are
considered for HCI computation. The potential problems in this regard are depicted below in a
scenario where three hierarchical attributes are measured by a 10-items test, for which the Q-
matrix is given in Table 1 and hierarchical structure of attribute is given in Figure 1.
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Table 1. Q-matrix for 10-items test

Items Al A2 A3
2 1 1 0
3 1 1 1 l
4 1 0 0
5 1 1 0 A2
6 1 1 1 —
7 1 0 0
8 1 1 0 Yy
9 1 1 1 A3
10 1 0 0

Figure 1. Linear hierarchy of three attributes

When an examinee’s true attribute pattern is [000], expected responses of the examinees to all
items becomes incorrect (i.e., 0). However, because of probabilistic component of the models,
this examinee may correctly respond to one item. When we consider this guessed item only in
HCI computation, all the comparisons we do will yield a misfit. Thus the computed HCI will
be -1, which will, in turn, indicate that this examinee’s responses do not fit to model. In fact,
there is only one response that contradicts with the model expectancy. Imagine another
examinee whose true attribute pattern is [111]. In this case expected responses of this examinee
will be all correct. When the examinee misses one item, then only the comparisons due to that
item will be left. Moreover, among the all comparisons conducted for the correct responses,
only this incorrect response will yield misfit. There will be some reduction in the HCI due to
this one misfit, yet the impact of this slipped item will not be as large as it is in previous case.
Furthermost, because it will change the comparisons counted toward HCI, items missed by the
examinee also matter.

Table 2. Two examinees and their HCI indices based on hypothetical response patterns

Examinees Attribute profile Response data HCI
El 000 1000000000 -1.000
El 000 0010000000 -1.000
E2 111 0111111111 0.667
E2 111 1101111111 0.917

This scenario and resulting HCIs are summarized in Table 2. When EL1 (i.e., an examinee
with an attribute pattern [000]) guesses only one item, than HCI becomes -1. When E2 (i.e., an
examinee with an attribute pattern [111]) slips one item, than HCI becomes smaller than 1.0,
yet impact of slipped item is determined by the g-vector of the item. In other words, whether
slipped item requires basic attribute or complex attribute matters. In above case, when an item
requiring the most basic attribute is missed, HCI becomes .667. Impact of missed item when it
requires the most complex attribute is relatively smaller (i.e., computed HCI is .917). As can
be seen, although there is only one misfitted item in all cases, their impact on examinees’
response consistency is different under different conditions.

2.1. Full Hierarchy Consistency Index

It should be noted here that guessing does not necessarily mean random guessing in
cognitive diagnosis modelling framework, rather it means completing a task employing any
other strategy that is not specified by the model. Therefore, guessing and slip behaviour of
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examinees may be different for items requiring basic ore more complex attributes. From this
point of view, consistency index should not be dramatically affected by the attribute-and-item
specification of misfitted item. One possible way to control this is to consider all items for
examinee response fit, which can be implemented by adding a second component to HCI that
includes comparisons for item sets consists of items that are expected to be incorrectly
responded by the examinee. Then the full version of the index may be represented as

2[21 Z]"ESj—correct XU(]' o Xi]") + Z] Zj”ESj—incorrect(l o Xij)Xij”]
N.

1

FHCI, =1 -

where X;; is examinee i’s binary response to item j where 0 indicates incorrect response and 1
stands for a correct response; S;_orrec: 1S an index set that includes items requiring the subset
of attributes required by item j when examinee’s response to item j iS COITeCt; Si_incorrect 1S N
index set that includes items requiring all the attributes required by item j when the item
incorrectly answered by the examinee; X; s is examinee i’s response to item j' where item j
belongs t0 Sj_correce; Xij IS examinee i’s response to item j" where item j” belongs to
Sj—incorrect; and N¢, is the total number of comparisons for all the items responded by
examinee i. This full version of the index will be referred to as full hierarchy consistency index
(FHCI) throughout this paper. Computed FHCI indices for two previous examinees with
certain response patterns are given in Table 3. Results based on FHCI are quite acceptable
under all conditions.

Table 3. Two examinees and their FHCI indices based on the response patterns

Examinees  Attribute profile Response data HCI FHCI
El 000 1000000000 -1.000 0.765
El 000 0010000000 -1.000 0.438
E2 111 0111111111 0.667 0.429
E2 111 1101111111 0.917 0.840

This study aims to focus on the following question:

eHow successfully HCI is used under nonhierarchical attribute conditions (i.e.,
unstructured attribute cases) to identify aberrantly responded examinees,

¢ What is the impact of g-vector of a misfitting item on the HCI. More specifically, this
study aims to unveil the impact of a misfitting item on HCI when it measures basic or
more complex attributes,

eWhat is the distribution of misfitting examinees when number of misfits is equal
across all permissible latent classes,

¢ Current form of HCI formulation only considers the information based on correctly
answered items. Thus, more information could be obtained by incorporating the
information that may be obtained from incorrect responses. Therefore, this study
considers the Full-version of the HCI such that examinees’ all responses rather than
only correct responses are taken into account for consistency index computation.

3. METHOD

A simulation study and a real data analysis were conducted. In the simulation study,
number of examinees, number of items and number of attributes were fixed to 2000, 20, and 6;
respectively. Corresponding Q-matrix (i.e., item-by-attribute matrix) is given in Table 4.
Corresponding Q-matrices for linear and divergent cases are given in Appendices. In the item
response data generation, uniform examinee distribution was assumed. Two types of
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hierarchical structures (i.e., linear and divergent) and an unstructured attribute case were
considered. These hierarchical attribute structures can be seen in Figure 2. Four types of item
misfits were considered:

Table 4. Generating Q-matrix
Attributes Attributes

Items Al A2 A3 A4 A5 A6 Items Al A2 A3 A4 A5 A6
11
12
13
14
15
16
17
18
19
20

© oo ~NoO U~ WNR
O Oo0OProoO0oo0o o
O OFRPPRPOOO0CORr O
O PP OOOOPRrR OO
P POOOORKr OOO
P O0OO0OOFrR OO0 OO
O O0OO0OFrRr OO0 OO
O PP P OOORErRO
O OFrPO0OO0OOFKrPRFR OO
O OO0 ORFrR EFL,RER OO
O OO0OO0OFrREFPREFL,ROOO
O OO Fr PP OOOBR
R OFRP PP OOORBR

=
o

=

Creative responding (high guessing and slip in items requiring basic attributes)

2. Difficult (high slip in the complex items only)

3. Logical (high guessing in the items requiring basic attributes and high slip in the items
requiring complex attributes)

4. Uniform (distribution of guessing and slip is uniform across all items)

For the creative response items, the lowest and highest success probabilities (i.e., P(0)
and P(1)) were generated from U(0.20, 0.30) and U(0.70, 0.80), respectively, for items
requiring basic attributes. These probabilities drawn from U(0.10, 0.20) and U(0.80, 0.90),
respectively, for items requiring complex attributes. Lowest success probability of both basic
and complex items in the difficult item case were generated from U(0.10, 0.20). In contrast, the
highest success probabilities were generated from U(0.80, 0.90) and U(0.70, 0.80),
respectively, for the basic and complex items. In the logical item case, the lowest and highest
success probabilities were generated from U(0.20, 0.30) and U(0.80, 0.90), respectively, for
items requiring basic attributes. Corresponding distributions for the complex item case were
U(0.10, 0.20) and U(0.70, 0.80), respectively. Lastly, the lowest and highest success
probabilities of examinees for both basic and complex items were generated from U(0.10, 0.20)
and U(0.80, 0.90), respectively. These conditions are summarized in Table 5.

HCI and FHCI were employed to demonstrate extra information that can be obtained
from incorrect responses. The data generation was based on the DINA model (de la Torre,
2009; Junker and Sijtsma, 2001). Throughout the study data generation performed using the
OxMetrics programming language (Doornik, 2011) and index computation was performed in
R-version 3.3.3. Simulation study is followed by a real data analysis. Data consist of 2922
examinees’ binary responses to the 28 items in the grammar section of the ECPE examination.
The test was developed and administered in University of Michigan English Language Institute
in 2003. The dataset and the Q-matrix are available in and obtained from the "CDM' package
(Robitzsch, Kiefer, George, & Uenlue, 2014) in R software environment.
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Figure 2. Linear and divergent hierarchical structures.

Table 5. Success probability distributions of item types
Items with basic attributes

Items with complex attributes

Item Types P(0) P(1) P(0) P(1)
Creative response  U(0.20, 0.30) U(0.70, 0.80) U(0.10, 0.20) U(0.80, 0.90)
Difficult U(0.10, 0.20) U(0.80, 0.90) U(0.10, 0.20) U(0.70, 0.80)
Logical U(0.20, 0.30) U(0.80, 0.90) U(0.10, 0.20) U(0.70, 0.80)
Uniform U(0.10, 0.20) U(0.80, 0.90) U(0.10, 0.20) U(0.80, 0.90)
4. RESULTS

4.1. Simulation Results

Simulation results based on the HCI are given in Figure 3 as a matrix of scatterplots
depicting HCI distribution of 2000 examinees where examinees are ordered based on the
number of attributes they mastered. For instance, first a few hundreds of examinees in the linear
case have the generating attribute pattern of [000000]; while very last a few hundreds have the
generating attribute pattern of [111111]. Considering this order and the fact that all examinees’
fit levels are approximately equal, it’s very clear from the figure that HCI tends to be negative
when an examinee has mastered smaller number of measured attributes. This reality emerges
from the fact that when examinee guesses an item all other items requiring the subset of
attributes specified in the guessed item are counted toward comparisons employed in index
computation. HCI may be a good indicator of person fit when examinee has mastered most of
the attributes, however, it may not be a good indicator for examinees who have lack of many
attributes.

It can also be observed from Figure 3 that when number of latent classes decreases (i.e.,
hierarchy becomes more stringent) variance of HCI distribution shrinks. For example, in all
types of item cases, HCI variance across attribute patterns is smaller when attributes are linearly
structured. When attributes have no hierarchical structure (i.e., unstructured attribute case),
HCI for examinees in any latent class are more disperse. Although item types do not make
substantial differences, slight changes in the scatter plots by item types are observed. For
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instance, in the difficult item case (i.e., high slips in the complex items only), HCI distribution
of examinees who mastered more than half of the attributes are more disperse than the
distribution of examinees who mastered a few attributes. Similarly, when creative item types
are administered, variance of HCI of examinees lacking complex attributes elevates. These
results are not surprising because when probabilistic component of item responses increases,
examinees’ observed responses deviate from the expected responses such that person-fit
reduces.
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Figure 3. Matrix of scatterplots of HCI under various item types and attribute hierarchies
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One major purpose of this study was to unveil the general improvement in identifying
person-fit when not only correct responses but also incorrect responses are considered in person
fit index computation. Results based on the FHCI are given in Figure 4. It can easily be seen at
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Figure 4. Matrix of scatterplots of FHCI under various item types and attribute hierarchies

first glance that, regardless of item type, attribute structure, and latent class an examinee is in,
person-fit approximately falls between 0.00 and 1.00. This result suggests that FHCI may be
considered as a more accurate person-fit index as it is not affected by examinees’ attribute
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pattern distribution (i.e., it measures fit in the same level of accuracy when examinee has
mastered all or none of the measured attributes). Moreover, attribute structure does not
significantly affect the results (i.e., variance of fit indices in the scatterplots are almost equal
across linear, divergent, and unstructured attribute cases). Lastly, when FHCI is employed,
small differences arising out of item types (i.e., creative, difficult, logical, and uniform) also
diminished or even disappeared.

4.2. Real Data Analysis

Binary responses of 1922 examinees to 28 grammar items in the examination for the
certificate of proficiency in English (ECPE) examination were analyzed in terms of examinees’
person-fits. Q-matrix of the test and the data were obtained from 'CDM' package in R software
environment. The data were analyzed previously by Templin and Bradshaw (2014) and
specified a linear hierarchy among the three attributes (i.e., lexical rules, cohesive rules, and
morphosyntactic rules) test is measuring. Scatter plots of examinees’ person-fit results obtained
by employment of HCI and FHCI are given Figure 5. When we look at the figure, FHCI result
consistent with the simulation results, while HCI shows relatively better person-fit than what
was observed in the simulation results.

However, remember that HCI fails to detect true person-fit when examinees did not
master measured attributes. Assuming that the test truly measured aforementioned attributes
and Q-matrix is correctly specified, correct answer proportions (proportion-corrects) of items
may reflect attribute-pattern distribution of examinees. Proportion-correct of items are given
in Table 6. Minimum and maximum proportion-corrects are .45 and .90, respectively.
Moreover, 19 out of 28 items have been correctly answered by and over 70% of examinees,
while only three items have been correctly answered by less than 50% of examinees. These
results imply that many examinees in the sample have mastered two to three attributes. In the
light of above information, person-fit result based on HCI could be more reflective of
simulation results if there were more examinees lacking more than half of the attributes in the
sample.
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Figure 5. Scatter plots obtained by HCI and FHCI for ECPE data
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Table 6. Proportion correct

Items Proportion Items Proportion Items  Proportion  Items  Proportion

correct correct correct correct
1 .80 8 .90 15 .88 22 .63
2 .83 9 .70 16 .70 23 81
3 .58 10 .66 17 .89 24 .53
4 71 11 72 18 .85 25 .62
5 .89 12 43 19 71 26 .70
6 .85 13 75 20 46 27 45
7 12 14 .65 21 .76 28 .82

min.=.43; mean=.71; max.=.90

5. CONCLUSION

HCI and FHCI have been employed under various conditions in this research. In data
generation procedure guessing and slip for any item types did not exceed .30 (i.e., maximum
P(0) = U(.20, .30) and minimum P(1) = U(.70, .80)). Thus, all examinees with different attribute
patterns fit to the model equally well. Results suggested that HCI is a good indicator of person-
fit as long as examinee has mastered most of the attributes. However, it fails to capture fitting
examinees when examinees lack of many attributes. Conversely, FHCI may be considered as
a more accurate person-fit index as it is not affected by examinees’ attribute pattern distribution
(i.e., it measures fit in the same level of accuracy when examinee has mastered all or none of
the measured attributes).

Furthermore, FHCI is robust to different types of items such that impacts of misfit on
basic and complex items are comparable. Therefore, more correct results yielding accurate
inferences may be obtained by employment of FHCI. Study results demonstrated that
regardless of item type, attribute structure, and latent class an examinee is in, FHCI
approximately falls between 0.00 and 1.00. These results may be considered to form a cut-off
to make a decision when FHCI is used to determine whether an examinee’s responses fit to
model. So, as long as an examinee’s FHCI is positive (i.e., larger than .00), we may postulate
this person’s fit to model as acceptable. Lastly, in cases where we use FHCI as a measure of
hierarchy consistency (i.e., whether assumed hierarchy for the model is acceptable), we should
look for the distribution of examinees’ FHCI, which need to be ranging from .00 to 1.00.
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7. APPENDICES

Appendix A. Q_matrix by the linear attribute structure

Attributes

Attributes

Al A2 A3 Ad A5 A6 Items Al A2 A3 Ad A5 A6

Items
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Appendix B. Q_matrix by the divergent attribute structure
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Appendix C. R Scripts written to compute HCI and FHCI

R HC|
setwd("'~/Desktop/FHCI/data")

g<-read.table("Q_matrix.txt", header=F, sep="")
p<-matrix(NA,1,nrow(data)) # person sayisisi kadar (samplesize)
for(i in 1:nrow(data)){
J=nrow(q)
m<-matrix(NA,1,nrow(q)) # misfit: madde sayisisi kadar
nci<-matrix(NA,1,nrow(q)) # total number of comparison: madde sayisisi kadar
for(j in 1:J){
c<-matrix(NA,1,nrow(q)) # comparison for item j
for(l in 1:J){
c[I]<-ifelse(data[i,j]==1,(ifelse(sum(ifelse(q[j,]>=q[l.],1,0))==ncol(q),1,0)),0) }
cj<- (sum(c)-(sum(data[i,]*c))) # number of misfit by item j
m[,j]<-ifelse(data[i,j]==1,cj,0)
nci[,j]<-sum(c) # item j is compared with itselft, which should not be counted}
HCli<-1-(2*(sum(m)/(sum(nci)-sum(data[i,])+.000001))) # .0001 is to avaid NaN result for 0
response vectors
p[i]<-HCli}
plot(p[1,], xlab="Examinee", ylab="HCI")

HusH R FHC| sttt
setwd("'~/Desktop/FHClI/data")
data<-read.table("ResponseData.txt", header=F, sep=""")
g<-read.table("Q_matrix.txt", header=F, sep="")
datal<-matrix(NA,nrow(data),nrow(q))
for(i in 1:nrow(data)) {
for(j in 1:nrow(q)){
datal[i,j]<-ifelse(data[i,j]==0,1,0)}}
p<-matrix(NA,1,nrow(data)) # person sayisisi kadar (samplesize)
for(i in 1:nrow(data)){
J=nrow(q)
m<-matrix(NA,1,nrow(q)) # misfit: madde sayisisi kadar
nci<-matrix(NA,1,nrow(q)) # total number of comparison: madde sayisisi kadar
ml<-matrix(NA,1,nrow(q)) # misfit: madde sayisisi kadar
ncil<-matrix(NA,1,nrow(q)) # total number of comparison: madde sayisisi kadar
for(j in 1:J){
c<-matrix(NA,1,nrow(q)) # comparison for item j
cl<-matrix(NA,1,nrow(q)) # comparison for item j
for(l in 1:J){
c[,I]]<-ifelse(data[i,j]==1,(ifelse(sum(ifelse(q[j,]>=q[l.],1,0))==ncol(q),1,0)),0)
cl[ l]<-ifelse(datal[i,j]==1,(ifelse(sum(ifelse(q[j,]<=q]l.],1,0))==ncol(q),1,0)),0)}
cj<- (sum(c)-( sum(data[i,]*c))) # number of misfit by item j
m[,j]<-ifelse(data[i,j]==1,cj,0)
ncil,j]J<-sum(c) # item j is compared with itselft, which should not be counted
cj1<- (sum(cl)-(sum(datalf[i,]*c1))) # number of misfit by item j
ml[,j]<-ifelse(datal[i,j]==1,cj1,0)
ncill,j]<-sum(cl) # item j is compared with itselft, which should not be counted}
HCli<-1-(2*((sum(m)+sum(m2))/(sum(nci)-sum(data[i,])+sum(ncil)-sum(datal[i,])+.000001))) #
.0001 is to avaid NaN result for 0 response vectors
p[,i]<-HCli}
plot(p[1,], xlab="Examinee", ylab="FHCI", ylim=c(-1,1))
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Abstract: In this study, ninth grade students’ attitudes towards science were ARTICLE HISTORY
investigated in terms of self-regulation strategies, motivational beliefs and Received: 22 Auqust 2017
gender variables. The sample of this study includes 322 male and 296 female ) ) g
in total 618 students from 3 different high schools (Science high school, Revised: 05 December 2017
Anatolian high school, and Vocational high school) in center district of Accepted: 14 December 2017
Amasya city. To collect the data, the researchers employed “Motivated

Strategies for Learning Questionnaire” which has been developed by

Pintrich and De Groot in 1990, adapted into Turkish by Uredi in 2005 and KEYWORDS

consists of 44 items and “Colorado Learning Attitudes about Science Survey
(CLASS)” has been developed by Adams and others in 2006, adapted into
Turkish by Bayar and Karamustafaoglu in 2015 and consists of 36 items. Gender,

For data analysis, mean, standard deviation, independent t-test and Self-regulation,
correlation were addressed. The results of this study show that there are
statistically significant relationships between 9" grade students’ attitudes
towards science and self-regulation strategies, motivational beliefs, and
gender.

Attitudes towards science,

Motivation

1. INTRODUCTION

Knowing the whole character of learners including psychological, cognitive, social, and
emotional development is very important for educators to access the success in education. Due
to the fact that the research studies in education place so much emphasis on cognitive
development of learners and ignore other development levels including emotional development
(Akbas, 2004; Selvi, 1996). Educators consider the cognitive learning as the basement for their
instruction and disregard emotional learning (Bacanli, 1999; Bilen, 2001). Especially, by the
beginning of 2000s, it is understood that intellectual factors are not solely enough for students’
learning and academic achievement. In addition to intellectual factors, it has been accepted that
emotional factors are important for students’ learning and academic achievement. Since,
emotional learning is the tool for cognitive learning (Demirbas & Yagbasan, 2004). At this
point, it is worth mentioning various definitions of “attitude” which is one of the aspects of the
emotional learning. Attitude is identified as the tendency consisting of both negative and
positive behaviours towards any object, events, or people (Eagly & Chaiken, 1993; Petty, 1995;
Turgut, 1997). In Ulgen’s (1997) points of view, the attitude is a phenomenon that influences
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individuals’ decision-making process. On the other hand, some intellectuals (Ajzen & Fishbein,
1980; Safran, 1993) discuss the attitude with its cognitive, sensual, and behavioral characters.
Individuals’ interests and attitudes are important aspects for identifying the characters of
individuals. Knowing their interest and aspects might help anticipate future actions of
individuals (Tekin, 1996).

In science education, attitude is the tendency to evaluate facts, events, and objects related
to science (Gardner, 1975). Examining the body of research in science education about attitudes
shows that attitudes of learners towards science education and their scientific attitudes are
widely elaborated by researchers (Byrne & Johnstone, 1988; Koballa, 1988). While cognitive
factors are emphasized in scientific attitudes, sensual aspects are paid more attentions in
attitudes towards science education (Hamurcu, 2002). The results of the studies exploring
learners’ attitudes towards science education and physics education are very similar to each
other. Even though physics is a relevant and applicable area to the everyday life, students think
physics is very boring and challenging (Sar1, 2015; Tekbiyik & Akdeniz, 2010). The main
prerequisite to teach physics effectively is to take attention of students to science or physics
and suggest them to alternative learning strategies (Whitelegg & Parry, 1999; Zacharia, 2003).
In a study, Ulgen (1997) explores students’ beliefs about physics education. Participants’
responses to the question that “Do you think physics course must be compulsory in high
schools?” varies and as following: a) students fail physics, therefore it must not be taught in
schools b) I hate physics c) Physics is a beneficial class, | apply what | learn in physics class
to everyday life. d) | like doing physic homework e) Learning physics is essential for
everybody, f) It does not matter for me whether physics is taught in schools or not. Among
students’ responses, b represents students’ negative feelings, d represents positive feelings of
students and c represents students’ beliefs on cognitive side of physics. In physics classes, the
questions like “Why do I have to learn all these facts” or “Where and when would I use what I
learn in Physics class” come to students’ minds. To prevent negative feelings and attitudes
towards science and physics, it is necessary to teach children why science is important and a
requirement for their lives. In the new science education program updated in 2013, the
importance of beliefs and attitudes towards science education is emphasized in order to attract
students to science classes (MONE, 2013). One of the purposes of the new science education
program is to help students develop positive attitudes towards science. It is discussed that
showing children the relationship among science, technology, environment, and community
might increase students’ interests in science. It is also argued that new research should be
conducted to explore the factors influencing students’ attitudes.

In the relevant literacy in science education, the issue regarding whether gender influence
students’ attitudes towards science is widely discussed. While some studies (Demirci, 2004;
Gilingor & Eryilmaz, 2006; Osborne, Simon & Collins, 2003) consider gender as one of the
important factors influencing students’ attitudes towards science, other studies make opposite
arguments (e.g Barrington & Hendicks, 1988; Cakir, Senler & Taskin, 2007; Sorge, 2007).
Sengoren, Tanel and Kavcar (2006) found in their study that the students’ attitudes towards
optics, that is one branch of physics or science, were not changed by gender differences. In
another study, Cakir, Senler and Taskin (2007) have found that there is no relationship between
students’ attitudes towards science and gender. To make a further investigation about students’
attitudes towards science education, various scales were developed. However, these scales are
mostly developed to assess attitudes of secondary or university students. (Bilgin, Ozarslan &
Bahar, 2006; Bozdogan & Yalgin, 2005; House & Prison, 1998; Kind, James & Barmby, 2007;
Nuhoglu, 2008; Nuhoglu & Yal¢in, 2004; Pell & Jarvis, 2001; Reid & Skrybina, 2002). Limited
number of scales in literature is available to evaluate high school students’ attitudes in science
classes.
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Self-regulation and motivation are two important emotional factors that affect learning.
When the relevant literature examined different definitions of self-regulation have been found.
For the first time, the concept of self-regulation has been raised by Albert Bandura in 1986.
Accordingly, the meaning of self-regulation is that a person has active role on his or her
learning and examines the status of teaching-learning process. Ciltas (2011) described self-
regulation as “to determine your own personal learning aims and in accordance with its
principles to motivate yourself cognitively (p:3)”. Pintrich (2000) defined that the concept of
self-regulation is describing own personal learning purposes and actively participating in
teaching-learning process in order to achieve these described purposes. In a similar vein,
Kauffman (2004) identified the concept of self-regulation as editing students’ different learning
activities, controlling and managing all situations. In this regard, individuals are responsible
for their own learning and arrange learning-teaching activities based on their own needs. This
creates a new learning approach, which is named as self-regulated learning. According to that,
self-regulated learning approach provides active participation opportunities for learners and
meets with individuals’ needs. As a result, self-regulated learning approach can be described
as learning process that motivates individuals for learning (Altun & Erden, 2006). Ciltas (2011)
identified self-regulated learning approach as “the way of knowing yourself and all processes,
techniques, tactics, and strategies that can be used for personal learning” (p:3). As understood
from above statements, the keyword of self-regulation means the learners actively involve
teaching and learning process.

The aim of this study was to examine ninth grade students’ attitudes towards science in
terms of self-regulation strategies, motivational beliefs and gender variables. In order to reach
the aim of this study, the researchers have addressed the following research questions:

1) What are the level of 9" grade students’ self-regulation strategies and motivational
beliefs with attitudes towards science?

2) Do the 9™ grade students’ self-regulation strategies and motivational beliefs with
students’ attitudes towards science change by gender?

3) Is there any relationship between 9" students’ self-regulation strategies, motivational
beliefs and students' attitudes toward science?

2. METHOD
2.1. Research Model

In this descriptive study, survey model has been used. According to Karasar (2009),
survey has been identified as research approaches that aim to describe past or present situation
as it is or was. In this study, the relationship between a dependent variable (students’ attitudes
towards science) and independent variables (students’ self-regulation strategies, motivational
beliefs, and gender) has been tested.

Within the scope of survey model, “Motivated Strategies for Learning Questionnaire”
and “Colorado Learning Attitudes about Science Survey (CLASS)” have been applied to
collect data. Motivated Strategies for Learning Questionnaire has been developed by Pintrich
& De Groot in 1990. Its original form was translated into Turkish by Uredi in 2005 and consists
of 44 items. Colorado Learning Attitudes about Science Survey (CLASS) has been developed
by Adams and others in 2006. Its original form was translated into Turkish by Bayar and
Karamustafaoglu in 2015 and consists of 36 items.

2.2. Study Group

This study has been conducted in the city center of Amasya, Turkey recruiting
participants in different type of high schools (Science High School, Anatolian High School,
and Vocational High School) governed by Ministry of National Education. Of 618 high school
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students selected by a convenience sampling participated in the study, 96 are in Science High
School, 277 are in Anatolian High School, and 245 are in VVocational High School. The sample
of the study is consisting of 322 (52.1%) male and 296 (47,9%) female students who are taking
physics course in 9" grade at these schools. The distributions of students according to high
school types and gender have been shown in Table 1.

Table 1. Distributions of students according to gender and high school types

High School Types Male Female Total
Science High School 42 54 96

Anatolian High School 126 151 277
Vocational High School 154 91 245
Total 322 296 618

2.2. Data Collection Tools

To collect data, three different data collection tools have been used for this study. These
are: 1. Personal Information Form, 2. Motivated Strategies for Learning Questionnaire, and 3.
Colorado Learning Attitudes about Science Survey (CLASS).

Personal Information Form

The researchers have used “Personal Information Form” to collect data regarding
students’ gender and high school type variables.

Motivated Strategies for Learning Questionnaire

The data has been collected applying Motivated Strategies for Learning Questionnaire,
adapted to Turkish by Uredi in 2005 from its original form developed by Pintrich and De Groot
in 1990. The Turkish version of scale, which has been employed to collect data in this study,
consists of 44 items and uses a 7-point Likert-type scale. The 1-3 interval represents low level,
3-5 average level and, 5-7 high level.

This questionnaire consists of two sub-factors which are self-regulation strategies and
motivational beliefs. These sub-factors separately have 22 items. By the process of adopting to
Turkish version of this questionnaire, Cronbach’s Alpha coefficient values have been
calculated between .81 and .92 (Uredi, 2005). Similarly, the researchers have calculated the
overall Cronbach’s Alpha coefficient value and found it as .87, indicating strong internal
consistency. Furthermore, the researchers have computed each sub-factors’ internal
consistency coefficient values and found them as .83 and .88 respectively.

Colorado Learning Attitudes about Science Survey (CLASS)

The data has been collected applying Colorado Learning Attitudes about Science Survey
(CLASS), adapted to Turkish by Bayar and Karamustafaoglu in 2015 from its original form
developed by Adams et al., in 2006. They employed test-retest technique for the reliability of
scale and found that the scale is reliable. Also, the Turkish form of the scale’s internal
consistency reliability has been found between .72 and .84 for each sub-factors and test-retest
reliability coefficients varied between .85-.93 (Bayar & Karamustafaoglu, 2015). The Turkish
version of scale, which has been used to collect data in this study, consists of 36 items. The
researchers have calculated the overall Cronbach’s Alpha coefficient value and found it as 0.91,
indicating strong internal consistency.

The scale consists of 8 sub-factors. The researchers have also analyzed each subfactor’s
internal consistency coefficients value and found it as .83 for Real world connection subscale,
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as .78 for Personal interest subscale, as .80 for Sense making/effort subscale, as. 88 for
Conceptual connections subscale, as .81 for Applied conceptual understanding, as .82 for
Problem solving general subscale, as .83 for Problem solving confidence subscale, as .76 for
Problem solving sophistication subscale. These findings clearly show that each sub-factor has
strong internal consistency.

2.2. Data Analysis

The data has been collected by paper-based of Colorado Learning Attitudes about
Science Survey (CLASS) and Motivated Strategies for Learning Questionnaire with 618
students in 9" grades at three different high schools. On the day of each survey administration,
the researchers have personally visited each participating school and individually administered
the paper-based survey utilizing “group administration” techniques during the school day.
Once data collection was completed, the collected data had been analyzed using SPSS Version
21.0 statistical software.

In the process of data analyzing, first, the descriptive statistics such as mean and standard
deviation has been examined. Then, in order to determine whether there is any relationship
between gender, self-regulation strategies and motivational beliefs with students’ attitudes
towards science, independent t test has been addressed. Furthermore, in order to find the
relationship between self-regulation strategies and motivational beliefs with students’ attitudes
towards science correlation has been applied. The researchers have considered the p value level
of 0.05.

3. FINDINGS

The purpose of this current study is to examine whether there is any relationship between
o grade students’ attitudes towards science with self-regulation strategies, motivational
beliefs, and gender variables. In this regard, to answer the first research question of this study
“What are the level of 9" grade students’ self-regulation strategies and motivational beliefs
with attitudes towards science?”, the average of each item and standard deviation have been
calculated and shown in Table 2.

Table 2. The Scores of Students on Motivated Strategies for Learning Questionnaire and Colorado
Learning Attitudes about Science Survey (CLASS)

Survey n Xavg Min. Max. sd

Self-regulation strategies 618 4,75 1,00 6,89 0,83
Motivational beliefs 618 4,01 145 6,26 0,72
Attitudes towards science learning 618 3,16 1,87 524 0,68

As seen in Table 2, the average of 9™ grade students on self-regulation strategies (Xavg =
4,75, sd = 0,83) is higher than the average of 9" grade students on motivational beliefs (Xavg =
4,01, sd = 0,72). Moreover, 9" grade students’ self-regulation strategies and motivational
beliefs scores are on average. As shown in Table 2, 9" grade students” attitudes towards science
scores (Xavg = 3,16, sd = 0,68) are on average. In the light of these results, it can be said that
9" grade students’ self-regulation strategies, motivational beliefs, and attitudes towards science
learning are on average.

Furthermore, the second research question of this study has been asked for serving the
purpose of study. In order to answer the second research question of this study, “Does the 9"
grade students’ self-regulation strategies and motivational beliefs with students’ attitudes
towards science change by gender?”, the data has been analyzed and the findings of t-test have
been shown in Table 3.
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Table 3. The Independent t-test Results of 9" Grade Students on Motivated Strategies for Learning
Questionnaire and Colorado Learning Attitudes about Science Survey (CLASS) by Gender

Survey Gender n Xag sd t p

Self-regulation strategies Male 322 455 0,86 2,185 0.00°
Female 296 4,96 0,80

Motivational beliefs Male 322 390 0,75 1,981 0.01
Female 296 4,13 0,71

Attitudes towards science learning Male 322 3,03 0,70 1976 0.01

Female 296 3,33 0,66

As seen in Table 3, the difference about the average of 9" grade male and female students
on self-regulation strategies has been compared by t-test (t= 2,185; p<.05) and found it as
statistically significant in favor of female students. The difference concerning the average of
9" grade male and female students on motivational strategies has been compared by t-test (t=
1,981; p<.05) and found it as statistically significant in favor of female students. Furthermore,
the difference regarding the average of 9" grade male and female students’ attitudes towards
science learning has been compared by t-test (t= 1,976; p<.05) and found it as statistically
significant in favor of female students.

The results of correlation analysis explaining the relationship of 9" grade students’ scores
on Motivated Strategies for Learning Questionnaire and Colorado Learning Attitudes about
Science Survey (CLASS) have been shown in Table 4.

Table 4. The results of correlation analysis explaining students’ scores on Motivated Strategies for
Learning Questionnaire and Colorado Learning Attitudes about Science Survey (CLASS)

Survey n r p

Self-regulation strategies - Motivational beliefs 618 0,59 .000
Self-regulation strategies - Attitudes towards science learning 618 0.49 .000
Motivational beliefs - Attitudes towards science learning 618 0,42  .000

r: correlation coefficient, p<.05

As seen in Table 4, there is moderately relationship on 9™ grade students’ self-regulation
strategies and motivational beliefs (r=0,59, p<.05). In a similar vein, there is moderately
relationship on 9" grade students’ self-regulation strategies and attitudes towards science
learning (r=0,49, p<.05). Moreover, there is moderately relationship on 9" grade students’
motivational beliefs and attitudes towards science learning (r=0,42, p<.05). When the
correlation coefficients examined, it can be clearly seen that there is a positive and linear
relationship on 9™ grade students’ scores on Motivated Strategies for Learning Questionnaire
and Colorado Learning Attitudes about Science Survey (CLASS).

4. DISCUSSION, CONCLUSION AND SUGGESTIONS

This study has been conducted in Amasya, Turkey recruiting participants, 9 grade high
school students, in three different types of high schools. In this study, the researchers have
examined students’ attitudes towards science course by comparing self-regulation strategies,
motivational beliefs and gender variables. It has been seen that there is a statistically significant
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relationship students’ attitudes towards science course, self-regulation strategies, motivational
beliefs and being male or female.

The results of this study about self-regulation strategies and motivational beliefs indicate
that there is a statistically significant relationship between students’ attitudes towards science
with self-regulation strategies and motivational beliefs. When the related literature has been
scrutinized, there are some studies that emphasize the importance of relationship between
students’ attitudes towards science and physics with self-regulation strategies and motivational
beliefs (Demir, Oztiirk & Dokme, 2012; Mujtaba, & Reiss, 2013; Pendergast, Lieberman-Betz
& Vail, 2017; Reid & Skryabina, 2002; Uzun & Keles, 2012; Yamag, 2011; Yaman & Dede,
2007; Yenice, Saydam & Telli, 2012; Zhang, Ding, & Mazur, 2017).

Furthermore, the results of this study related to gender variable show that there are
differences between male and female students’ scores on Colorado Learning Attitudes about
Science Survey (CLASS). In literature, while some of the previous studies support the findings
of this study that have determined the relationship between student attitudes towards
science/physics and gender (Hanger, 2008; Lowery, Bowyer & Padilla, 1980; Ozyiirek &
Eryilmaz, 2001), other studies have opposite argument (Kaya & Boyiik, 2011; Murphy &
Whitelegg, 2006; Yesilyurt, 2004). The potential reason for these differences can be expressed
that students might have different attitudes towards different branches of science/physics
(Sengoren, Tanel & Kavcar, 2006).

Considering the findings of this study, one of the important tasks of science teachers is
to take students’ attention to science. They should explain students the importance of science
and its contribution to students’ daily lives. It is essential to announce students that science is
not only required for exams, rather science is a part of life and knowing science facilitates
individuals’ daily action and behaviors. Also, teachers should tell students that science is a
necessary course for everybody not only for students in science-mathematics education.
Science teachers should explain students that science is not just consisting of complicated
formulas, conversely, it is helpful for everyone to understand how world works.

This study is conducted considering self-regulation strategies, motivational beliefs and
gender as variables. Different variables- such as high school types, subject area, different
grades, and age- might be used for future studies. Moreover, the target population and sample
of this study might be thought as limited. To take away this thought, a further study might be
done in multiple cities with more diverse participants.
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Abstract: In this study, scaling the characteristics that should be found in an
ideal teacher according to the pre-service teachers by using the pairwise
comparison method was aimed. Thirteen characteristics that an ideal teacher
should have were given to 211 pre-service teachers in the working group,
and these 13 properties were first asked to be considered as a whole, and then
each property was asked to be compared to another property, one by one, to
prefer one property to another. The research data were obtained from 211
pre-service teachers in fall semester of the 2015-2016 academic year. The
data were scaled according to the pairwise comparison method. According
to the findings obtained, when the characteristics were aligned from the most
important characteristic that an ideal teacher should have according to the
pre-service teachers to the most unimportant one, it was determined that;
he/she should have an intellectual personality (U10) should have a sense of
humor (U7), should be open to being criticized (U2), should be motivating
(U1), should have a smiling expression (U5), should have a good usage of
diction (U8), should be trustworthy (U3), should be creative (U6), should be
a researcher (U9), should use teaching techniques well (U10), should give
importance to the students (U4), should have good communication skills
(U9), should keep the distance with the students (U12).
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Nowadays it seems that the education system is in a student centered concept rather than
a teacher centered one. Student centered education does not make a teacher insignificant, on
the contrary it gives the teacher a more significant role. The most significant role of a teacher
in education system 1is to assist the cognitive, affective and psychomotor development of
students. An ideal teacher is a guide who takes care of all the students in class and enables
required behavioral changes in the students by encouraging them to participate in class. The
increase in the expectations of societies in education and by means of that in teachers switched
the role of teachers in education system (Sahin, 2001), moreover the personality characteristics
became more important. Along with the characteristics which a teacher is required to have such
as being friendly, enthusiastic, in favor of change and progress, humanist, thinker and a person
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who expresses their own opinions (Brophy & Alleman, 1991), a teacher is also expected to be
a person who communicates with students effectively (Bilen, 1995), a teacher who enables
students to participate in the teaching — learning process effectively therefore helps them obtain
behavioral change as a qualified teacher in the field, a teacher who utilizes convenient methods
and instruments in order to meet educational needs (Sahin, 2001; Woolfolk, 1998), who listens
to the problems of their students, who understands their students truly and tries to find solutions
to their problems and a teacher who treats them as a friend (Erglin, Duman, Y. Kincal &
Aribasg,1999).

When the studies which define the characteristics of a teacher are investigated, these
characteristics come forward: Creativity, emotional adaptation, performing positive approaches
towards students, positive attitudes towards teaching, socially good relationships, using the
mother tongue efficiently, being sensitive, being able to develop empathy, avoiding judgements
and participating in the social occasions of the society where they live (Confery, 1990; Good &
Grouws, 1979; Rosenshine & Stevens, 1986; Ryan, 1960).

Since the target audience of teachers is students, they are required to have such
characteristics as: enabling students to discover their potential and by developing their potential
guiding them to their self-actualization, providing them the knowledge and the skills that would
help them solve the real-world problems, establishing health relationships in order to prepare
them for life, making the students trust, being gracious to them, being creative, caring about the
students, being motivating, being open to criticism, being humoristic, having a good diction,
having high communication skills, being sophisticated, utilizing teaching methods efficiently,
being open and respectful to individual differences and being an enquirer. Unfortunately,
claiming that all these characteristics are present in the teachers at a desired level is hardly
possible. It is sometimes necessary to know the differences between the perceived and actual
sizes of teacher qualifications mentioned above. The main purpose of the scale obtained from
the difference or the correlation between perceived and actual size of the desired qualifications
or any other variable is to put forward the methods of transition from empirical relationships
based on observations to formal relationships based on rules (Anil & Giiler, 2006; Kan, 2008;
Kart & Gelbal, 2014; Turgut & Baykul, 1992). Anil and Giiler (2006) perceived scaling in
measuring process as a significant factor of the transition from the observations which shows
qualitative distinction to the scales which show quantitative distinction. On the contrary,
Stevens (1966) perceived scaling as marking objects with numbers based on a certain rule,
testing hypothesis, determining whether a status or a concept is unidimensional or
multidimensional and it was expressed that the most known reason of him to use scaling is
grading (as cited in Anil & Giiler, 2006).

The approaches used in scaling are classified into two groups. The first of them is the
approaches based on judge decisions and the second one is the approaches based on the
reactions of test subjects. The classification of scaling approaches is given on Figure 1.
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Paired Comparisons

Based on Judge Decisions Classification Judgments

Absolute Judgment

Scaling Methods Rank- Order Judgment

Based on Test Subject Reactions Grading Totals

Multi-Dimensional Scaling

Figure 1. Main Approaches used in scaling (Arik & Kutlu, 2013).

The scaling approach based on judge decisions is to scale present stimulants at a
determined level according to the judgments of observers and experts and in experimental
methods, N number observers are demanded to determine stimulus levels of each of K number
stimulants according to a certain method (Anil & Giiler, 2006; Turgut & Baykul, 1992; Yasar,
2016). The size of the stimulants which are given to the observers is asked to be determined by
comparing them to other stimulants. Therefore, the mean value of the judgments of observers
gives the scale value of the stimulant.

In the approaches based on test subject reactions, it is not defined as stimulant centered
but answerer centered approach. According to this approach, each answerer is placed
somewhere on the scale according to the answers (reactions) that they give for the items
(Crocker & Algina, 1986; as cited in Arik & Kutlu, 2013). Despite the rareness, it is obvious
that the number of studies made on this subject is increasing. When the studies which were
made considered, paired comparison method was used in order to scale the characteristics that
a qualified teacher was required to have (Anil & Giiler, 2006), in order to scale the importance
levels of professional teaching knowledge lessons (Nartgiin, 2006), and to determine what
characteristics the students who applied for a master’s degree were required to have according
to instructors (Giiler & Anil, 2009).

Attitude scale on addictive drugs was used in order to find out whether the scaling
methods based on classification and sorting judgments gave similar results (Kan, 2008). The
studies which were made also contained the scaling study on reliability and validity of field
choice inventory of the senior students in the faculty of education (Ogretmen, 2008), overall
impression, grading key, and the study of psychometric characteristics of three different
evaluation methods based on the data collected from the compositions which were graded by
Thurstone paired comparison method (Omiir, 2009), the scaling of the factors which were
thought to be effective in placement test success with rank-order law (Bal, 2011).

Apart from these studies above, the studies which were also investigated are listed below:
which characteristic competence of preservice teachers is more significant in the competence
codes of teaching which were determined by Ministry of Education (Ozer & Acar, 2011), the
study to determine the consistency among scaling values obtained by scaling based on
classification judgments and scaling based on test subject reactions (Oztiirk, Ozdemir & Gelbal,
2011), ranking judgment based scaling the characteristics which are thought to affect the
academic success (Yasar, 2016), ranking judgment based scaling of the mate selection criteria
of university students (Bozgeyikli & Toprak, 2013), the investigation of the empathetic
approach of elementary school administrators towards the professional problems of teachers
with paired comparisons method (Ekinci, Bindak & Yildirim, 2012), comparing the consistency
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of the scale values obtained from scaling approaches based on paired comparisons judgments
and ranking judgments (Albayrak & Gelbal, 2012), a paired comparison scaling study on the
duties of education inspector in Turkey (Biilbiil & Acar, 2012), scaling the characteristics which
affect the success of elementary school students with completely ordered paired comparisons
(Kara & Gelbal, 2013), judge decision based scaling of the assessment and evaluation
competence of teachers (Arik & Kutlu, 2013), comparison of the evaluations which were made
by grading key, overall impression and paired comparison methods (Omiir & Erkus, 2013),
comparison of two scaling methods: Paired Comparison and Ranking judgments (Acar
Giivendir & Ozer Ozkan, 2013), the factors that affect the attitudes of students towards maths
lesson according to teacher opinions (Arici, 2013), determining the scientific research self-
efficacy perceptions of preservice teachers with paired comparison scaling method (Kart &
Gelbal, 2014), determining the assessment and evaluation methods and instruments primarily
used by elementary school teachers with paired comparison scaling method (Altun & Gelbal,
2014), determining the social activity choices of preservice teachers with paired comparison
scaling method (Polat & Goksel, 2014), scaling the professional teaching knowledge lessons
which senior students of faculty of education took with ranking judgment law (Yalgin & Avsar,
2014), the study in which it was detected whether the scale values of the purpose of internet use
of preservice teachers obtained based on paired comparison and ranking method (Albayrak Sar1
& Gelbal, 2015), the study to determine the measuring instruments (Giilsah Sahin, Boztung,
Oztiirk & Tasdelen Teker, 2015). When research studies done abroad based on paired
comparison method are considered, these studies listed below used paired comparison scaling
method (as cited in Nartgiin, 2006): the values of people on forests (Neuman, 1993), the value
tendencies of Europeans (Francis et al., 2001), the perceptions of students on different nations
(Zevinet al., 1998), the priority of social problems on natural resources (USDA Natural
Resources Conservation Service, 1997), the perception of psychiatric patients on society’s
perspectives on mental illnesses (Freidle et al., 2003), the determination of the crispness levels
of different brand crisps (Courcoux et al., 2005).

In this study, the characteristics that an ideal teacher is required to have were determined
by using the scaling from the “Law of Comparative Judgement IV Case Full Data Matrix”.
2. METHOD

Since in this study, the findings obtained from the study group do not generalize to the
population, this study is not only a quantitative study but also a basic research study.

2.1. Study Group

This study consists of 211 preservice teachers who were getting education at the faculty
of education of Pamukkale University, Denizli, Turkey in 2015-2016 academic year. The range
of the preservice teachers according to certain variables is given on Table 1.

Table 1. Range of the preservice teachers of the study group according to certain variables.

Variable f %
Gender Female 175 82.9
Male 36 17.1
1 Primary School Teaching 71 33.6
Department 2 Preschool Education 83 39.3
3 Psychological Counseling and Guidance 57 27.0
Program Type 1 Daytime Education 121 57.3
2 Evening Education 90 42.7
2nd Grade 99 46.9
Grade Level 3rd Grade 82 38.9

4th Grade 30 14.2
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The preservice teachers of the study group is consisted of 175 (82.9%) female and 36
(17.1%) male students. 121 (57.3%) of them are daytime education students and 90(42.7%) of
them are evening education students. 99 (46.9%) of them are second grade, 82 (38.9%) of them
are third grade and 30 (14.2%) of them are fourth grade students. 71 (33.6%) of them are from
the department of primary school teaching, 83 (39.3%) of them are from the department of
preschool education and 57 (27.1%) of them are from the department of psychological
counseling and guidance.

2.2. Data Collection Tool

In order to constitute a data collection tool, firstly the preservice teachers were asked to
make a list of “the characteristics that an ideal teacher is required to have”. According to the
answers of the preservice teachers, these characteristics were determined as: (Ul) should be
motivating, (U2) should be open to criticism, (U3) should be reassuring, (U4) should care about
students, (U5) should be cheerful, (U6) should be creative, (U7) should be humoristic, (US)
should have a decent diction, (U9) should have good communication skills, (U10) should be
sophisticated, (Ull) should utilize teaching methods efficiently, (U12) should be open and
respective to differences, (Ul3) should be a researcher. Statements on these characteristics were
applied to 211 preservice teachers of the research group and the data which were used in the
study were collected.

2.3. Data Analysis

Each preservice teacher who participated in the study was asked to prefer a characteristic
to another one via paired comparison of the characteristics that an ideal teacher is required to
have. Since there were 13 statements in the data collection tool, (13x(13-1))/2=78 paired
comparisons were made in total. The frequency values of each characteristic were determined
according to this process. Frequency matrix was constituted according to the frequency values.
After the frequency matrix created, the values in each cell of the frequency matrix were divided
into the number of the people and (P) values were obtained and therefore ratio matrix was
created. Later on, the Unit Normal Deviance Matrix was created by obtaining (Z) values which
were equaled to ratio matrix (P) values with the use of Microsoft Excel. The mean of columns
in the unit normal deviance matrix was calculated and the scale values were achieved. The
starting point of axis (zero point) was moved to the smallest scale value to determine the
locations of the scale values on numerical axis (Anil & Giiler, 2006; Ekici, Bindak & Yildirim,
2012; Turgut & Baykul, 1992).

2.4. Determination of the internal consistency of scale values

The internal consistency of scaling was examined in order to check whether the
individuals of the group study behaved carefully on the statements of paired comparisons which
they made for the stimulants. In order to determine the internal consistency of scale values, the
concordance level of the observed ], rates with the Pjk rates which are obtained from scale

values (expected from the scaling) is considered (Turgut & Baykul, 1992). In order to examine
the internal consistency, the concordance between theoretical ratios and observed ratios is
investigated by creating a Z unit normal deviation matrix and theoretical ratio matrix obtained
from this matrix according to the scale values obtained from the data. In order to test the
concordance level, formula (1.1) was used.

_ Z|ij—P]{k|

ME =— (K-1)

(1.1)

ME: The mean value of the difference between theoretical ratios and observed ratios (mean
error)
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Pji: The ratio obtained from observed frequencies
Pj,.: Theoretical ratio
K: The number of the stimulants

A small mean value obtained from the formula above indicates that the scale values obtained
according to the paired comparisons that the observers made are reliable whereas a high error value
indicates that the judgments of the observers are not reliable.

In order to determine the reliability which means the internal consistency of achieved scale values
via the paired comparisons that 211 preservice teachers made in the study group of this study “the
characteristics that an ideal teacher is required to have”, these processes listed below were applied
respectively.

15t Step: A theoretical Z’ unit normal deviation matrix is created as it is showed in
Table 2 by using scale values. In order to determine the elements of Z matrix, Zjp = Si — Sk
formula is used.

Table 2. Theoretical Unit Normal Deviation Matrix Z' (Zjx=S;j-Sk)

U1l u2 u3 (23 us U6 u7 us8 u9 uU10 Ul1 U12 U13
0,228 0,202 0556 0,942 0,359 0,58 0,06 0422 0964 0,000 0935 1,048 0917

Ul 0,228 0,000

U2 0,202 0,026 0,000

U3 055 -0,328 -0,354 0,000

U4 0942 -0,714 -0,740 -0,386 0,000

us 035 -0131 -0,157 0,197 0,583 0,000

u6é 0580 -0,352 -0,378 -0,024 0,362 -0,220 0,000

u7 0060 0168 0142 049 0882 0299 05520 0,000

us 0422 -0194 -0,220 0,134 052 -0,060 0,158 -0,362 0,000

U9 094 -0,736 -0,762 -0,408 -0,022 -0,610 -0,384 -0,904 -0,542 0,000

uU10 0,000 0,228 0,202 055 0942 0359 0580 0,060 0422 0964 0,000

u11 093 -0,707 -0,733 -0,379 0,007 -0,580 -0,355 -0,875 -0,513 0,029 -0,940 0,000

ul2 1,048 -0,820 -0,846 -0,492 -0,106 -0,690 -0,468 -0,988 -0,626 -0,084 -1,050 -0,113 0,000

uU13 0917 -0689 -0,715 -0,361 0,025 -0,560 -0,337 -0,857 -0,495 0,047 -0,920 0,018 0,131 0,000

2" Step: P’ matrix is created by finding Pj’k rates equaled to Zj; values of Z' matrix from one
unit normal distribution table. The matrix is given in Table 3.

Table 3. Theoretical Ratios Matrix (P')

Ul U2 U3 U4 us U6 u7 us U9 u10 U1l u12 uU13
0228 0202 0556 0942 035 058 006 0422 0964 0000 0935 1,048 0917

UL 0228 0,000

U2 0202 0,512 0,000

U3 0556 0,371 0,366 0,000

U4 0942 0,239 0,229 0,348 0,000

U5 0359 0448 0436 0579 0,719 0,000

U6 0580 0,363 0,352 0492 0641 0413 0,000

U7 0060 0568 0,556 0,689 0,810 0,618 0,698 0,000

Us 0422 0425 0413 0552 0,699 0477 0563 0,351 0,000

U9 0964 0,230 0,222 0341 0492 0271 0,352 0,184 0,294 0,000

U10 0000 0,591 0,579 0,712 0,826 0641 0,719 0523 0,662 0,832 0,000

U1l 0935 0,239 0,233 0352 0501 0281 0,359 0,189 0,305 0512 0,174 0,000

Ul2 1,048 0,206 0,198 0312 0457 0244 0319 0161 0264 0468 0,147 0456 0,000

U13 0917 0245 0,236 0359 0512 0,288 0,367 0195 0,309 0519 0,179 0508 0,551 0,000

Error matrix p[pjk—p'jk) is created by the absolute value of the differences between

observed ratios and theoretical ratios. The Error matrix is given in Table 4.
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Table 4. Error Matrix

Ul u2 U3 u4 us ué u7 us8 U9 Ui uv1il uUl2 U1s3
0,228 0,202 0556 0942 0,359 058 006 0422 0964 0,000 0,935 1,048 0,917

Ul 0,228 0,000

U2 0,202 0,005 0,000

U3 055 0,085 0,018 0,000

U4 0942 0,084 0,089 0,063 0,000

us 0,359 0,056 0,004 0,038 0,023 0,000

U6 0580 0,022 0,033 0,021 0,093 0,021 0,000

U7 0,060 0,016 0,004 0,029 0,051 0,007 0,006 0,000

us 0422 0015 0,025 0,062 0,08 0,056 0,033 0,04 0,000

U9 0964 0,023 0,028 0,041 0,077 0,014 0,091 0,017 0,030 0,000

uU10 0,000 0,070 0,048 0,074 0,083 0,017 0,073 0,04 0,014 0,038 0,000

Uil 0,935 0,030 0,069 0,019 0,045 0,035 0,035 0,080 0,061 0,083 0,047 0,000

ul2 1,048 0,016 0,034 0,009 0,030 0,005 0,026 0,009 0,065 0,152 0,000 0,007 0,000

ui3 0917 0,047 0,052 0,045 0,004 0,051 0,298 0,05 0,053 0,131 0,042 0,039 0,017 0,000

Total 0,469 0,404 0401 0,492 0,206 0,562 0,242 0,223 0,404 0,089 0,046 0,017 0,000

Mean error is found by finding the total of the column totals of error matrix given in
Table 4 and dividing it into K.(K-1) number. For this study the mean error ratio was calculated
as:

!
ME = Z|ij‘ij| _ 3555
K (K-1) 13 (13-1)

= 0,022

This value may be accepted as a considerably small value. The case that mean error ratio
value is considerably small shows that scale values have internal consistency.

3. FINDINGS

In this part of the study, paired comparisons and interpretations of the characteristics that
an ideal teacher is required to have were given according to the gender, program type and
grades of preservice teachers. Here, how many times the characteristic in the line was chosen
compared to the character in the column; i. line and j. column element (U;), by the preservice

teachers. According to this, it was seen that) =104 for U1 U2 characteristics. This means that
the number of preservice teachers who preferred Ul to U2 is 104 out of 211. Likewise, the
number of preservice teachers who preferred U2 characteristic to U1 is [(U2, U1) =n - (U1, U2)]
=211-104 = 107.

Table 5. The Raw Scores Matrix of the Preservice teachers [F]

STIMULANTS (Uj)
Ui UL U2 U3 U4 U5 U6 U7 US U9 U0 UIl U2 UI3

Ul 104 153 182 129 132 87 126 171 70 158 168 153
u2 107 133 185 119 132 92 120 174 77 151 166 154
U3 58 78 153 96 103 68 106 150 42 135 61 128
u4 29 26 58 51 93 46 78 124 50 114 121 102
us 82 92 115 160 121 78 123 160 77 147 164 143
u6 79 79 108 118 90 62 98 159 71 144 152 138
u7 124 119 143 165 133 149 146 173 108 160 179 162
us 85 91 105 133 88 113 65 146 71 163 172 160
U9 40 37 61 87 51 52 38 65 39 120 145 129
u10 141 134 169 161 134 140 103 140 172 168 184 168
Uil 53 60 76 97 64 67 51 48 91 43 114 112
u12 43 45 61 90 47 59 32 39 66 27 97 90

uU13 58 57 83 109 68 138 49 51 82 43 99 121
total 899 922 1265 1640 1070 1299 771 1140 1668 718 1656 1747 1639
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Ratio (P) matrix was created by dividing the values of judgements located in the each cell of
Frequency (F) matrix into the number of the judges (N=211). The ratios (P) matrix is given in Table 6.
Since the ratio values of ratio matrix are symmetrical to main diagonal, the sum of the ratios is equal to
1.

Table 6. Ratio Matrix (P)

STIMULANTS (Uj)

Ui Ul U2 U3 u4 us u6 u7 us8 U9 u10 Uil u12 uU13

Ul 0,492 0,725 0,862 0,611 0,625 0,412 0,597 0,810 0,331 0,748 0,796 0,725
U2 0,507 0,630 0,876 0,563 0,625 0,436 0,568 0,824 0,364 0,715 0,786 0,729
U3 0,274 0,369 0,725 0,454 0,488 0,322 0,502 0,710 0,199 0,639 0,289 0,606
U4 0,137 0,123 0,274 0,241 0,440 0,218 0,369 0,587 0,236 0,540 0,573 0,483
us 0,388 0,436 0,545 0,758 0,573 0,369 0,582 0,758 0,364 0,696 0,777 0,677
U6 0,374 0,374 0,511 0,559 0,426 0,293 0,464 0,753 0,336 0,682 0,720 0,654
u7 0,587 0,563 0,677 0,781 0,630 0,706 0,691 0,819 0,511 0,758 0,848 0,767
us 0,402 0,431 0,497 0,630 0,417 0,535 0,308 0,691 0,336 0,772 0,815 0,758
U9 0,189 0,175 0,289 0,412 0,241 0,246 0,180 0,308 0,184 0,568 0,687 0,611
u10 0,668 0,635 0,800 0,763 0,635 0,663 0,488 0,663 0,815 0,796 0,872 0,796
U1l 0,251 0,284 0,360 0,459 0,303 0,317 0,241 0,227 0,431 0,203 0,540 0,530
u12 0,203 0,213 0,289 0,426 0,222 0,279 0,151 0,184 0,312 0,127 0,459 0,426

U13 0,274 0,270 0,393 0,516 0,322 0,654 0,232 0,241 0,388 0,203 0,469 0,573
total | 4,261 4,370 5,995 7,773 5,071 6,156 3,654 5,403 7,905 3,403 7,848 8,280 7,768

(2) standard values equaled to the cell values (P) of ratios matrix was found and unit
normal deviation matrix in Table 7 was obtained. In the unit normal deviation matrix (Z), the
elements are opposite signed according to main diagonal but their values are absolute. The
column values of the stimulants in the unit normal deviation matrix (Z) were summed up. The
column sums in the matrix were divided into the numbers of elements in the column and the
scale values of the stimulants were calculated. The scale values are given in Table.7.

Table 7. Unit Normal Deviation Matrix (Z Matrix)
STIMULANTS (Uj)
Ui U1 U2 u3 U4 us U6 u7 us U9 u10 U1l u12 U13

Ul -0,018 0598 1,092 0283 0320 -0,222 0246 0879 -0435 0671 0828 0,598
u2 0,018 0333 1,159 04161 0320 -0,161 0173 0933 -0,345 0570 0,795 0,612
U3 -0,598 -0,333 0598 -0,113 -0,030 -0,461 0,006 0556 -0,845 0,358 -0,556 0,271
U4 -1,092  -1,159  -0,598 -0,701 -0,149 -0,779 -0,333 0,222 -0,716 0,101 0,185 -0,042
us -0,283 -0,161 0,113 0,701 0,185 -0,333 0,209 0,701 -0,3¢5 0515 0,763 0,461
u6 -0,320 -0,320 0,030 0,149 -0,185 -0,542 -0,089 068 -0422 0475 0584 0,396
u7 0222 0161 0461 0,779 0333 0,542 0501 0915 0,030 0,701 1,029 0,732
us -0,246 -0,173 -0,006 0,333 -0,209 0,089 -0,501 0501 -0422 0,747 0897 0,701
U9 -0,879 -0,933 -0,556 -0,222 -0,701 -0,686 -0,915 -0,501 -0,897 0,173 0,488 0,283
Ui 0435 0345 0845 0,716 0345 0422 -0,030 0422 0,897 0828 1,136 0,828
y11 -0671 -0570 -0,358 -0,101 -0,515 -0,475 -0,701 -0,747 -0,173 -0,828 0,101 0,077
U2 -0828 -0,795 -0,556 -0,185 -0,763 -0,584 -1,029 -0,897 -0,488 -1,136 -0,101 -0,185

U3 -0598 -0,612 -0,271 0042 -0461 039 -0,732 -0,701 -0,283 -0,828 -0,077 0,185
2z -4225 -4568 0035 5060 -2527 0352 -6406 -1,710 5346 -7,191 4,960 6,436 4,733

=z -0325 0351 0003 038 -0194 0,027 -0493 -0,132 0411 -0553 0,382 0495 0,364
Sc 0228 0202 055 0942 0359 0580 0060 0422 0964 0,000 0935 1,048 0917

13 characteristics that an ideal teacher is required to have according to preservice
teachers, the scale values obtained by the law of paired comparisons and the stimulant rank
values of the characteristics are displayed in Table 8.

The significance order of the characteristics that an ideal teacher is required to have were
determined considering the gender, the program type (daytime education- evening education)
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and the grades of the preservice teachers. The findings obtained according to these
characteristics are displayed in Table 8.

When the findings in Table 8 are considered in general, the most important characteristic
was stated as (U10) should be sophisticated, and the others were ranked respectively as (U7)
should be humoristic, (U2) should be open to criticism, (U1) should be motivating, (U5) should
be cheerful, (U8) should have a decent dictation, (U3) should be reassuring, (U6) should be
creative, (U13) should be a researcher, (U11) should utilize teaching methods efficiently, (U4)
should care about students, (U9) should have good communication skills, (U12) should keep
distance from students.

On the other hand, when the gender of the preservice teachers is considered, the
characteristics that an ideal teacher is required to have are ordered as: the most significant
characteristic according to both male and female preservice teachers is a teacher should be
sophisticated, the second significant characteristic according to male preservice teachers is a
teacher should be humoristic whereas this characteristic is the third significant according to
female preservice teachers. While the most significant characteristic according to male
preservice teachers is a teacher should be open to criticism, according to female preservice
teachers this characteristic is the second significant characteristic. The fourth significant
characteristic according to both male and female preservice teachers is a teacher should be
motivating. Similarly, according to both male and female preservice teachers the least
significant characteristic is a teacher should keep distance from students.

When the school type (daytime and evening education) is considered, the most significant
characteristic that an ideal teacher is required to have is a teacher should be humoristic
according to the preservice teachers of daytime education, whereas according to the evening
education preservice teachers this characteristic is the second significant one. The most
significant characteristic according to the evening education preservice teachers is a teacher
should be sophisticated, however, this characteristic is the second significant characteristic
according to the daytime education preservice teachers. Furthermore, the characteristic of a
teacher should keep distance from students is the least significant one according to both daytime
and evening education preservice teachers.

When the grades of the preservice teachers are considered, the paired comparison results
based on the significance ranks of the characteristics that an ideal teacher is required to have
are stated as: the characteristic of a teacher should be sophisticated is the most significant
characteristic according to the second and third grade preservice teachers, but according to the
fourth grade preservice teachers this characteristic is the fourth significant one. On the other
hand, the most significant characteristic according to the fourth grade preservice teachers is a
teacher should be open to criticism, while this characteristic is the third significant
characteristic according to the second graders and the fourth significant characteristic according
to the third graders. According to the preservice teachers of all grades, the characteristic a
teacher should keep distance from students is the least significant one.

(U4) a teacher should care about students characteristic, which is indeed supposed to be
among the most significant characteristics, is the eleventh according to the second grade
preservice teachers and the tenth according to the third and the fourth grade preservice teachers.
Similarly, (U11) a teacher should utilize the teaching methods efficiently characteristic which
can be seen as a significant characteristic in the professional development of a teacher, is the
tenth according to the second grade preservice teachers, the eleventh according to the third
grade preservice teachers and the eighth according to the fourth grade preservice teachers.
Likewise, all three grades of preservice teachers stated that the least significant characteristic
in the scale is (U12) a teacher should keep distance from students.
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Table 8. The scale values and stimulant ranks of “the characteristics that an ideal teacher is required to have” according to the general, gender, school type and
grades of preservice teachers.

. Gender School Type Grade
Preservice T = I
Teachers ale emale . .
o ] ) (General) Preservice Preservice E?j?(lzg?ifn E%inr;'t?gn 2nd Grade 3rd Grade 4th Grade
The characteristics that an ideal teacher is Teachers Teachers
required to have according to preservice
teachers = = = = = = = =
g =g g =9 g =g g =9 g =g 2 =0 g =g 2 =g
p} p}
82 Et¢ 82 E: §z2 E: 82 Etc 82 E: 82 Etc 82 E:r 82 Et
a> Haex > he &> hHe a> He 6> Hr 6> Hr 6> HE B> b
Ul  Should be motivating 0,228 4 0,247 4 0,164 3 0,102 3 0,337 4 0,325 4 0,155 3 0,026 2
U2  Should be open to criticism 0,202 3 0,180 2 0,203 4 0,217 4 0,209 3 0,259 3 0,324 4 0,000 1
U3 Should be reassuring 0,556 7 0,702 9 0,513 8 0,447 7 0,756 8 0,662 8 0,569 7 0,456 9
U4 Should care about students 0,942 11 0,915 12 0,949 9 0845 10 1114 11 1,041 11 1055 10 0,624 10
U5  Should be cheerful 0,359 5 0,482 7 0,330 5 0,247 5 0,573 6 0,489 5 0,340 5 0,238 6
U6  Should be creative 0,580 8 0,481 6 0,382 6 0,488 8 0,591 7 0,612 7 0,591 8 0,293 7
U7  Should be humoristic 0,060 2 0,202 3 0,027 2 0,000 1 0,188 2 0,146 2 0,034 2 0,103 3
U8  Should have a decent dictation 0,422 6 0,473 5 0,411 7 0,365 6 0,520 5 0,502 6 0,496 6 0,194 5

u9 Should have good communication skills 0,964 12 0,903 11 0,981 11 0,935 12 1,047 10 1,054 12 1,017 9 0,801 12

U10  Should be sophisticated 0,000 1 0000 1 0000 1 003 2 0000 1 0000 1 0000 1 0165 4
U1l ka}?c“igt‘lshze the teaching methods 0935 10 0684 8 0989 12 0851 11 1,090 9 0990 10 1204 11 0397 8
U12  Should keep distance from students 1,048 13 1,014 13 1,156 13 1,041 13 1,292 13 1,177 13 1,323 13 0,846 13

U13  Should be a researcher 0,917 9 0,732 10 0,950 10 0,782 9 1,138 12 0,801 9 1,283 12 0,715 11
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The characteristics that an ideal teacher is required to have according to preservice
teachers were scaled by using paired comparisons method according to the gender, school type
and grades of preservice teachers. Spearman’s rho correlation method was utilized in order to
determine whether there was a meaningful correlation between the results of paired
comparisons which were made according to the mentioned characteristics of the preservice
teachers. The results obtained are displayed in Table 9.

Table 9. Spearman’s rho correlation coefficients of the significance levels of the characteristics that an
ideal teacher is required to have according to the gender, program type (daytime education and evening
education) and grades of the preservice teachers

MPT FPT DE EE SG TG FG GPT
— Correlation Coefficient 1,000
2 Sig. (2-tailed) .
N 13
= Correlation Coefficient ~ ,890™ 1,000
o Sig. (2-tailed) ,000 .
N 13 13
Correlation Coefficient  ,896™ 967 1,000
a Sig. (2-tailed)  ,000 ,000 .
N 13 13 13
= Correlation Coefficient 967 929 929 1,000
gl Sig. (2-tailed) 000 ,000 ,000 .
s N 13 13 13 13
E Correlation Coefficient ~ ,956™ ,962™ ,978™ ,956™" 1,000
$ 3 Sig. (2-tailed) 000 ,000 ,000 ,000 .
) N 13 13 13 13 13
Correlation Coefficient ~ ,890™ ,956™ ,945™ 967" ,934™ 1,000
© Sig. (2-tailed) 000 ,000 ,000 ,000 ,000 .
N 13 13 13 13 13 13
Correlation Coefficient  ,940™ 874" ,896™ ,929™ ,918™ 874" 1,000
Q Sig. (2-tailed) 000 ,000 ,000 ,000 ,000 ,000 .
N 13 13 13 13 13 13 13
— Correlation Coefficient ~ ,940™ ,951™ ,984™ ,951*" ,995™ ,940™ ,907™ 1,000
?5 Sig. (2-tailed) ,000 ,000 ,000 ,000 ,000 ,000 ,000 .
N 13 13 13 13 13 13 13 13
** P<0,01

MPT: Male Preservice Teacher; FPT: Female Preservice Teacher; DE: Daytime Education; EE: Evening Education; SG: Second Grade; TG:
Third Grade; FG: Fourth Grade; GPT: General Preservice Teachers

When Table 9 is investigated, the minimal value of correlation coefficients for N*(N-
1)/2 paired comparisons made according to the gender, program type (daytime and evening
education) and grades of the preservice teachers who participated in the study group is between
FG and FPT (r = 0.874) and between FG and TG (r = 0.874) while the maximum correlation
coefficient is between GPT and SG (r = 0.995).

In addition, the Spearman’s rho correlation coefficients of the paired comparisons in
Table 9 indicate a positively high level correlation and also it is clear that the correlation
coefficients of paired comparison results are statistically significant at the 0.01 level.

4. DISCUSSION, RESULTS AND SUGGESTIONS

In this study, the perceptions of preservice teachers who were students at faculty of
education on the characteristics that an ideal teacher is required to have and the characteristics
which were assumed to be related were scaled via full data matrix with the use of the law of
paired comparatives V case. The study was carried out on the data collected from 211
preservice teachers who were 2", 3" and 4™ grade students at Pamukkale University, Denizli,
Turkey, faculty of education, department of primary school teaching (n=71; 33.6%),
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department of preschool education (n=83; 39.3%), department of psychological counseling and
guidance (n=57; 27.0%). The preservice teachers were asked to prefer one characteristic to
another by making paired comparisons of 13 characteristics that an ideal teacher is required to
have. After making paired comparisons, the frequency of each characteristic was determined.
Frequency matrix was created with these frequencies. Then, the value of each cell in the
frequency matrix was divided into the number of the participants in the study group (n=211)
therefore ratios (P) matrix was created. Unit deviation matrix (Z) equaled to each (P) value of
the ratios matrix was also created. In order to determine whether the paired comparison
judgments of preservice teachers that they made for the stimulants given, internal consistency
of scaling was examined. For this, the concordance level of observed P ratios with Pj; values

obtained from the scale values (expected from the scale values) is examined (Turgut & Baykul,
1992). In order to examine the internal consistency, the concordance between observed ratios
and theoretical ratios is checked by obtaining a Z unit normal deviation matrix created from
the scale values which were obtained by the data and a theoretical matrix out of this matrix.

Calculated mean error value can be accepted as a quite small value. A considerably small
mean error value (ME=0.022<0.05) indicates that the scale values have internal consistency.
The first question of the study was how the characteristics that an ideal teacher is required to
have according to preservice teachers were ranked from the most significant characteristic to
the least significant one. Therefore, the preservice teachers were asked to compare each
characteristic to the others as pairs using the law of paired comparisons. According to the
findings obtained, among 13 characteristics that an ideal teacher is required to have, (U10) a
teacher should be sophisticated was stated as the most significant characteristic. On the other
hand, the least significant characteristic was stated as (U12) a teacher should keep distance
from students.

The second question of the study is whether the significance rank of the characteristics
that an ideal teacher is required to have vary or not considering the gender of preservice
teachers. The finding that was reached when the gender of preservice teachers was considered
stated that the most significant characteristic for both male and female teachers was (U10) a
teacher should be sophisticated. For male preservice teachers the characteristic of (U2) a
teacher should be open to criticism was the second significant characteristic while the
characteristic of (U7) a teacher should be humoristic was the second significant characteristic
for female preservice teachers. According to both male and female preservice teachers, the
characteristic of (U12) a teacher should keep distance from students was stated as the least
significant characteristic among 13 characteristics that an ideal teacher is required to have.

The third question of the study is whether the significance rank of the characteristics that
an ideal teacher is required to have vary or not according to the program type of preservice
teachers. According to the preservice teachers of daytime education, the most significant
characteristic that an ideal teacher is required to have was (U7) a teacher should be humoristic,
whereas this characteristic was the second according to the preservice teachers of evening
education. The most significant characteristic according to the preservice teachers of evening
education was (U10) a teacher should be sophisticated, while this characteristic was stated as
the second according to the preservice teachers of daytime education.

The fourth question of the study is whether the significance rank of the characteristics
that an ideal teacher is required to have vary or not according to the grade of preservice
teachers. When the grade of preservice teachers was considered, according to the second and
the third grade preservice teachers, the most significant characteristic was (U10) a teacher
should be sophisticated, while according to the fourth grade preservice teachers this
characteristic was stated as the fourth significant characteristic. On the other hand, according
to the fourth grade preservice teachers, the most significant characteristic was stated as (U2) a
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teacher should be open to criticism, while this characteristic was stated as the third significant
characteristic according to the second grade preservice teachers and the fourth significant
characteristic according to the third grade preservice teachers. According to all grades of
preservice teachers the least significant characteristic was determined as (U12) a teacher
should be open and respective to differences.

A paired comparison scaling study on teacher qualifications was carried out by Anil and
Giiler (2006). Apart from this research, no other study handling teacher qualifications has been
observed. Anil and Giiler (2006) examined eight qualifications as teacher characteristics in
their study. In their study, the most significant qualification was stated as working with passion,
it was followed respectively by the qualifications as having the skill of imparting knowledge,
having good communication skills, being open to technological developments, having the
content knowledge, being democratic, being open to criticism and the least significant
qualification was stated as being humoristic.

It is clear that the characteristics of this study are stated as the same with the being
humoristic, communication skills, being open to criticism qualifications of the study of Anil
and Giiler (2006) and yet the other variables are stated as different.

While communication skills was determined as the third most significant characteristics
in the study of Anil and Giiler (2006), in this study it was ranked as the twelfth. In Anil and
Giiler’s (2006) study, the characteristic of being open to criticism was ranked as the seventh in
terms of significance whereas in this study, this characteristic was ranked as the third. In the
study of Anil and Giiler (2006), the characteristic of being humoristic was ranked as the last in
terms of significance among eight characteristics, while in this study it was ranked as the
second among thirteen characteristics. It is clear that in the study of Anil and Giiler (2006), the
mutual characteristics are not in the same significance order.

In the study of Anil and Giiler (2006) there were eight qualifications of teachers within
the research but in this study there were 13 characteristics. While Anil and Giiler (2006) studied
by considering the judgments of university students in general terms, in this study apart from
the general judgments of preservice teachers who participated in the study, the variables of
their gender, grades and program types (daytime education and evening education) were taken
into consideration.

It is easy to see the known fact that there are few studies about scaling when the literature
review is done. Therefore, the need for more studies on this field emerges spontaneously. It is
thought that the researchers who are willing to study on this field can work on the subjects such
as the effectiveness of teaching.
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Abstract: The Health Belief Model (HBM) is one of the oldest and most  ARTICLE HISTORY
recognized conceptual framework of health behavior and can be applied to )

disaster preparedness efforts which focus predominantly on human  Received: 25 September 2017
behavior. The study aims to develop and test the psychometric properties of ~ Revised: 22 November 2017
the General Disaster Preparedness Belief (GDPB) scale based on the HBM. Accepted: 12 December 2017
A study group of 286 academic and administrative staff working in a Turkish

University located in the city of Yalova completed a GDPB scale instrument

containing 60 items. Exploratory Factor Analyses (EFA) was used for the ~ KEYWORDS

construct validity of scale. Item analysis was assessed using item-total
correlations and Cronbach’s alpha coefficients. The EFA extracted six
factors that jointly accounted for 59.2% of variance observed namely; Self ~ Health Belief Model,
efficacy (8 items), Cues to action (5 items), perceived susceptibility (6 Reliability and validity,
items), perceived barriers (6 items), perceived benefits (3 items) and
perceived severity (3 items). Cronbach’s alpha coefficient for the subscales Scale development
ranged from 0.90 to 0.74. The GDPB scale based on the HBM was found to

be a valid and reliable tool. Findings from this study can be used to guide

intervention aimed at informing and educating people about disaster

preparedness.

Disaster preparedness beliefs,

1. INTRODUCTION

Disasters could be natural or man-made emergency events which have negative
economic and social consequences for the affected population (Donahue & Joyce, 2001). The
20th century had witnessed an increase in disaster losses, and this has continued in an upward
trend in the current century (Guha Sapir, Hoyois & Below, 2013; IFRC, RCS, 2013). Turkey
is under the danger of natural disaster as a result of its position which is on a young and active
mountain zone called Alp-Himalaya based on a geological point of view (Ersoy & Kocak,
2015). Turkey has also witnessed its own share of disasters ranging from earthquake, landslide,
and floods (Gokce, Ozden & Demir, 2008). However, in Turkey, the earthquake disasters that
occurred in August 17, 1999 in Kocaeli and November 12, 1999 in Duzce were among the
most devastating disasters. The 1999 Kocaeli earthquake alone left 17,000 people dead,
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200,000 homeless, and resulted in a fiscal cost of some US$2.2 billion (Ersoy & Kocak, 2015).
To reduce vulnerability and increase mitigation level to disasters in Turkey and other countries,
there is a need for effective disaster preparedness.

Disaster and emergency preparedness efforts focus predominantly on human behaviors
derived from diverse factors that range from people’s risk perception to lessons from direct and
indirect past experiences of disaster events and emergencies (Ejeta, Ardalan & Paton, 2015).
According to literatures, theories could be used to explain the structural and psychological
determinants of behaviour as well as guide the development and refinement of health
promotion and education (Painter, Borba, Hynes, Mays & Glanz, 2008).

The Health Belief Model (HBM) is one of the oldest and most widely used models in
which theory has been adapted from the behavioural sciences to health problems (Glanz, Rimer
& Lewis, 2002; Orji, Vassileva & Mandryk, 2012). The HBM describes the decision-making
process that individuals employ when adopting a health protective behavior (Sharma & Romas,
2008). Though the use of the HBM is very versatile (Teitler-Regev, Shahrabani & Benzion,
2011; Akompab et al., 2013; Guvenc, Aygul, Acikel, 2011; O'Connell, Price, Roberts, Jurs,
McKinley, 1985), it can be beneficial when discussing disaster preparedness, because it can be
applied to encourage individuals to change a potentially detrimental behavior. In the current
study, behavior is seen as an intentional or unintentional lack of preparedness for imminent
occurrence of disaster. In the HBM, disaster preparedness will depend on the following
predictors: perceived susceptibility of experiencing a disaster, perceived severity of disaster,
benefits of being prepared for a disaster, perceived barriers to being prepared, cues to action
for disaster preparedness and individual’s belief in their own ability to deal with a disaster
(Glanz, Rimer, Lewis, 2002; Rosenstock, 1966; Rosenstock, Strecher & Becker, 1988).

Past studies have been carried out with regards to earthquake preparedness at the
individual level, some of these studies have used brief measures with 10 items and below
(Farley, 1993; Showalter, 1993; McClure, Walkey, Allen, 1999) to assess earthquake
preparation, whereas some other studies have used longer measures between 12 and 27 items
to examine more than one category of disaster preparedness such as survival, planning, and
hazard mitigation (Mileti, Fitzpatrick, 1992; Mulilis, Duval, Lippa, 1990; Spittal et al., 2006).
However, there are limited research work with regards general disaster preparedness with some
few published researches on specific disaster preparedness topics such as heat waves and
climate change; collaborative activities between non-professional disaster volunteers and
victims of earthquake disasters; climate change and climate variability; as well as preparation
of health care workers for disasters (Haraoka et al., 2012; Akompab et al., 2013; Semenza,
Ploubidis, George, 2011; Ogedegbe, 2012). In addition, a review of the literatures revealed that
there is a paucity of published papers that attempts to develop and validate instruments aimed
at measuring General Disaster Preparedness Belief (GDPB) using the health behavior models
as a theoretical framework. This study aims to identify scale items that have a consistent factor
structure for measuring GDPB using the HBM as a framework. The findings of this study
should guide the development of behaviour change programs as it relates to general disaster
preparedness. The scale could also be an important tool in improving the motivation for
adaptation and mitigation to related general disaster preparedness risks as well as promoting
behaviour change strategies for general disaster preparedness.

2. METHOD
2.1. Study setting

The scale development study was conducted in the city of Yalova, Turkey among Yalova
University staffs.
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2.2. Instrumentation

An initial 78 instrument items were developed by the researchers based on current
literature reviews. The initial items pool was subjected to further review by a panel of nine
content experts who had expertise in the field of disaster management (6 individuals),
instrument development, health education (2 individuals) and Turkish language (1 individual).
The content validity index cut off was set at 0.80 which refers to the proportion of experts who
rate an item as a 3 or 4 using a 4-point ordinal rating scale ranging from “1” (not relevant) to
“4” (very relevant) (Davis, 1992). The experts had high harmony in terms of the content validity
and no new items were recommended, on the other hand, on the basis of the content validity,
the items were reduced to 60 items and then administered in a pilot study to a convenience
sample of 21 individuals in order to ascertain the degree of difficulty and clarity of the items.
The final scale consisted of 60 items according to six subscales namely; Susceptibility,
Severity, Barriers, Benefits, Cues to action, and Self-efficacy.

2.3. Data collection

To ensure a conceptually clear factor structure for analysis, existing literature suggest a
minimum sample of 3-6 respondent per item (Cattell, 1978). The desired minimum sample size
for factor analysis in this study was determined to be 180 (Guilford, 1954; Gorsuch, 1983;
Kline, 1979; Akgiil, 1997; Tabachnick, Fidell, 2007). The scales were self-administered and
were administered between April and July, 2014. The inclusion criterion for this study was
willingness to participate in the study and being a staff member of Yalova University. After
removal of participants with missing item response, our sample consisted of a total of 286
academic and administrative staff who had usable data for the study. Participants with missing
data were removed from the study as they did not answer most of the items. During data
collection, the main priority was to achieve a sufficient sample size for the analysis. The sample
size of 286 participants included in the study exceeded the minimum threshold of 180 required
for the study. Also, during data collection, a balance in the number of academic and
administrative staff as study participants was taken into consideration however, academic staff
were more willing as compared to administrative staff to participate in the study, thus, most of
participants were academic staff.

2.4. Study Group

The mean age of the 286 participants was 32.8 years (+5.4 years). 69.7% of respondents
were academic staff whereas 30.3% were administrative staff. A larger proportion of
respondents were males (63.3%). Approximately 53% of respondents were currently married
and half of the participants had a monthly salary of 2.500-2.999 Turkish lira (TL) (854 $-1025
$).

2.5. Ethics

Permission to conduct the study was obtained from relevant authorities in Yalova. Ethical
approval was also taken from the Ethical Committee of Hacettepe University. All university
staff who participated in the study were given informed consent letters and informed about the
purpose of the study. Furthermore, they were also instructed that withdrawal from the study
was optional at any time.

2.6. Measures

Respondents completed sub-scales assessing “susceptibility (9 items)”, “severity (5
items)”, “benefits (5 items)”, “barriers (19 items)”, “Cue to action (7 items)” and “self-efficacy
(15 items)”. All items were scored on a five point Likert scale from 1 (strongly disagree) to 5
(strongly agree). All sub-scales measured General Disaster Preparedness Belief and where
negatively worded statements were used, the scores on the items were reverse-scored so that a
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higher score represented more positive belief. A total scale score was computed by summing
up all the 6 subscales (Self Efficacy + Cues to action + Perceived susceptibility + Perceived
low barrier (items were reverse scaled) + Perceived benefits + Perceived severity).

2.7. Statistical analysis

To determine the validity of our scale we conducted an Exploratory Factor Analysis
(EFA) with varimax rotation that maximizes variance explained by factors using SPSS 19. This
analysis was conducted on the basis of polychoric correlation matrix. If the model includes
variables that are ordinal a factor analysis can be performed using a polychoric correlation
matriX. The polychoric correlation is a technique for estimating the correlation between two
ordinal scales’ scores (Olsson, 1979).

The Kaiser-Meyer-Olkin (KMO) was used to assess sampling adequacy while Bartlett
sphericity test was used to test whether the data have a multivariate normal distribution. The
factor retention criterion included the following: diagonals of the anti-image correlation matrix
over 0.5, communalities above 0.3, loadings equal to or greater than 0.40, more than three items
per factor, and cross-loading analysis (Fabrigar, Wegener, MacCallum, Strahan, 1999; Child,
2006), in addition, items were permitted to load only on the construct they theoretically
represented as the scale was theory driven. If these constraints were not met, each item was
examined individually and items were removed one at a time to ensure appropriate removal.
The distribution of the total scale and sub-scale scores were described by calculating score
range, mean, standard deviation, skewness and kurtosis as well as the floor and ceiling effects.
Floor and ceiling effects were considered present if more than 15% of respondents achieved
the highest or lowest possible score, respectively (McHorney & Tarlov, 1995). The item-total
subscale correlations were assessed to determine the discrimination power of the items. While
these correlations were calculated, score of calculated item was removed from total score to
prevent heightening the relationship between items and scale. Reliability was assessed using
Cronbach’s alpha coefficients while stratified alpha was calculated for total scale score.
Subscale/total scale score intercorrelations were assessed using Pearson correlation. In
addition, test-retest reliability was evaluated for the study. The three week test-retest reliability
coefficient for scale on the 60 item was .73. An intraclass correlation coefficient of >0.70 was
considered as evidence of measurement stability.

3. RESULTS
3.1. Exploratory Factor Analysis

EFA using principal component analysis was used to extract factors. Various rotated
analysis was computed which lead to the removal of 29 items and retention of 31 items. During
several steps, a total of 20 items were eliminated because they did not contribute to a simple
factor structure and failed to meet a minimum criterion of having a primary factor loading of
.4 or above. In addition, 9 items had similar factor loadings. The factor loading was approved
if it was at least 0.1 higher than the next higher loading (Biiytikoztiirk, 2002) so the 9 items
were inappropriate so were eliminated.

In the final rotated analysis, the KMO value of the data was found to be 0.85. The
Bartlett’s test was significant (chi square =4351;00 df=496; p=<0.0001). The diagonals of the
anti-image correlation matrix though not shown were all over 0.5 supporting the inclusion of
each item in the factor analysis. In addition, the communalities were all above 0.3.

The factor analysis extracted six factors that jointly accounted for 59.2% of variance
observed. The first factor (self-efficacy) assessed individuals' belief in their own ability to deal
with a disaster/emergency and accounted for the highest proportion of scale variance (26.2%)
with loadings ranging from 0.781 and 0.676. The second factor (susceptibility) addressed
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perceived risk of experiencing an emergency or disaster, and this accounted for 9.8% of
variance and the loading ranged from 0.735 to 0.491. The third factor (cue to action) related to
events, people, or other exposures that could influence disaster preparedness behaviour,
accounted for 8.0% of the variance with loading ranging from 0.795 to 0.629, while the fourth
factor (barrier) related to perceived obstacles that could hinder disaster preparedness, this factor
accounted for 5.8% of the variance and had a loading of 0.789 to 0.426. The fifth factor
(benefit), addressed belief about the benefit of disaster preparedness and accounted for 5.6%
of the variance and had a loading range of 0.794 to 0.732 while the sixth factor (severity)
relating to fear of disaster and belief about the consequences of disaster accounted for 4.3% of
the variance and had a loading range of 0.773 to 0.722 (Table 1).

Table 1. Rotated Factor Solution of General Disaster Preparedness Belief (n = 286)

Items (n=31)  Self- Susceptib  Cuesto Low Benefit Severity Communalities
efficacy ility action  barrier
effl 0.781 * * * * * 0.634
eff2 0.778 * * * * * 0.715
eff3 0.763 * * * * * 0.748
eff4 0.745 * * * * * 0.636
eff5 0.710 * * * * * 0.546
eff6 0.707 * * * * * 0.542
eff7 0.703 * * * * * 0.612
eff8 0.676 * * * * * 0.637
susl * 0.735 * * * * 0.612
sus2 * 0.729 * * * * 0.606
sus3 * 0.687 * * * * 0.556
sus4 * 0.664 * * * * 0.513
sus5 * 0.521 * * * * 0.374
sus6 * 0.491 * * * * 0.356
cuel * * 0.795 * * * 0.732
cue2 * * 0.786 * * * 0.658
cue3 * * 0.769 * * * 0.620
cued * * 0.762 * * * 0.628
cueb * * 0.629 * * * 0.537
barl * * * 0.789 * * 0.686
bar2 * * * 0.786 * * 0.738
bar3 * * * 0.562 * * 0.588
bar4 * * * 0.515 * * 0.384
bar5 * * * 0.450 * * 0.447
bar6 * * * 0.426 * * 0.379
benl * * * * 0.794 * 0.738
ben2 * * * * 0.776 * 0.718
ben3 * * * * 0.732 * 0.655
sevl * * * * * 0.773 0.667
sev2 * * * * * 0.760 0.632
sev3 * * * * * 0.722 0.617
Eigenvalues 8.133 3.039 2.486 1.791 1.730 1.333
% of variance 26.24 9.80 8.02 5.78 5.58 4.30

Not: R=Reverse scored, Asterisk (*) is less than 0.40.
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3.2. Descriptive statistics for items, internal consistency and descriptive statistics for
subscales and total scale

Ceiling and floor effects were negligible for most of the 31 items. Ceiling effects were
observed for 3 items in the susceptibility subscale, 3 items in the benefit subscale and for 3
items in the severity subscale. Whereas floor effect was observed for 1 item in the cue to action
subscale and 2 items in the susceptibility subscale. Overall, there was no evidence that there
was a systematic response pattern which could be interpreted as a sign of the participants'
reflection of their thoughts (Appendix 1).

The internal consistency of the total scale and subscales all exceeded 0.70 showing that
the scale is reliable, the internal consistency for subscales ranged from 0.74 to 0.90. For the
total scale, the stratified alpha was 0.93. The mean score for self-efficacy subscale was
24.7+6.4 and for susceptibility subscale was 22.3+3.8. Ceiling effect was observed for the
severity subscale. The mean score for the total scale was 102.3£15.3 (Table 2).

Table 2. Item Total Subscale Correlation, Reliability Coefficients and Descriptive Statistics for Sub
Scales and Total Scale

Subscale —
c (5]
K= =
2 3 e 2 = S
[+ < IS
5 e g 5 5 s E S 2 5 3z
pust o
S £3 S s a & 2 g8 T 3
Self-Efficacy 8 0.69-0.84 0.90 24.69 6,35 -0.20 -0.95 9-38 (8-40) 0 0
Cues to Action 5 0.70-0.84 0.84 13.21 4.03 0.20 -0.68 5-24 (5-25) 1.0 0
Perceived 6 0.59-0.73 0.76 22.31 3,78 -0.48 0.03 11-30 (6-30) 0 2.4
Susceptibility
Perceived low 6 0.57-0.78 0.75 18,58 4,07 0.03 -0.98 10-28 (6-30) 0 0
Barriers
Perceived Benefits 3  0.83-0.87 0.80 11,93 1.95 -1.13 2.75 4-15 (3-15) 0 9.8
Perceived Severity 3  0.80-0.83 0.74 11,53 2,45 -0.80 0.81 3-15 (3-15) 0.7 15.7
Total scale score 31 0.38-0.71*  (0.93) 102.27  15.28 -0.28 -0.22  62-138 (31-155) 0 0

(stratified alpha)

Not: *Item total correlation

3.3. Item-total subscale correlations and total item correlations

The item-total subscale correlations were as follows; Self-Efficacy ranged from 0.69 to
0.84; Cue to Action ranged from 0.70-0.84; Perceived Susceptibility ranged from 0.59-0.78;
Perceived low barriers ranged from 0.57-0.78; Perceived Benefits ranged from 0.83-0.87
whereas Perceived Severity ranged from 0.80-0.83. The total item correlation for the total scale
score and items ranged from 0.38-0.71 (Table 2).

3.4. Subscale/Total Scale score intercorrelations

The six derived subscales had an intercorrelation range between subscales of 0.22 to 0.46
(p<0.01), the correlation were weak or moderate between the subscales highlighting the unique
contributions of each subscale in understanding general disaster preparedness beliefs. The total
scale score correlations with the 6 subscales all exceeded the .50 level, 5 of the 6 coefficients
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exceeded the .60 level, and 2 of the 6 exceeded .70. All correlations were less than 0.01 level
of probability, indicating that even the weakest of the relationships was nonetheless significant.
The fact that the correlation coefficients were significant between the 6 subscales and the total
scale score could be taken as evidence for summing up all the 6 subscales and for using the
total test scores (Table 3).

Table 3. Subscale/Total Scale Intercorrelations
Self- Cues to

Perceived Perceived Perceived Perceived Total

Efficacy Action  Susceptibility Benefits  low Severity  scale
Barriers score
Self-Efficacy  1.000
Cues to Action 0.291™  1.000
Perceived 0.258™ 0.319" 1.000
Susceptibility
Perceived 0.364™ 0.236™ 0.461" 1.000
Benefits
Perceived 0.453™ 0.364™ 0.381" 0.412™ 1.000
Barriers
Perceived 0.368™  0.149™ 0.217" 0.286™ 0.243™ 1.000
Severity
Total scale 0.783" 0.615™ 0.634™ 0.610™ 0.737" 0.507™ 1.000
score
**p<0.01
4. DISCUSSION

In Disaster Risk Reduction, disaster preparedness is seen as one of the basic components.
Also, effective preparedness reduces vulnerability, increases mitigation level, enables timely
and effective response to a disaster event, shortens the recovery period from a disaster, and
increases community resilience (Guha-Sapir, Hoyois & Below, 2013; Gregory et al., 2006).
According to previous studies, the determinant of disaster preparedness behaviours include:
risk perception (Armas & Avram, 2008), preparedness perception (Mulilis & Duval, 1995),
self-efficacy (McClure, Walkey & Allen, 1999), community participation (Paton, 2006)
available resources and demographics (Mileti, Darlington, 1995; Najafi, Ardalan, Akbarisari,
Noorbala & Jabbari, 2015).

The use of the HBM can encourage individuals to promote positive disaster preparedness
habits. Accordingly, if disaster is perceived as a health threat, then the components of the HBM
might be able to predict preparedness behavior. It is believed that beliefs might influence
behaviour (Fabrigar et al., 2006). There are studies showing that differences in household
preparedness behaviors were correlated with beliefs about preparedness (Thomas, Leander-
Griffith, Harp, Cioffi, 2015; Becker et al., 2013). The HBM predicts that, “if individuals regard
themselves as susceptible to a condition, believe that condition would have potentially serious
consequences, believe that a course of action available to them would be beneficial in reducing
either their susceptibility to or severity of the condition, and believe the anticipated benefits of
taking action outweigh the barriers to (or costs of) action, they are likely to take action that
they believe will reduce their risks’’ (Glanz, Rimer, Viswanath, 2008). Previous studies have
applied the HBM to study disaster preparedness, for instance, disease outbreak preparedness
(Teitler-Regev, Shahrabani & Benzion, 2011), and preparedness for climate change and heat
waves (Akompab, Bi, Williams, Grant, Walker & Augoustinos). However, in the literatures
there are no studies to the best of our knowledge that have developed and evaluated a scale for
GDP using the HBM as a theoretical frame work. This study attempted to evaluate a newly
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developed theory driven instrument for assessing GDPB using the HBM as a framework. The
study followed an established scale development process such as current literature review for
the selection of items, content validity, pre-testing, scale administration and EFA.

The content validity of the items were found to be acceptable, and the EFA was able to
accounted for 59.2% of the variance observed. The EFA is suitable for use on Likert-type of
scale and extracted six factors measuring the following; individuals’ belief in their own ability
to deal with a disaster, perceived susceptibility of experiencing a disaster, perceived severity
of disaster, benefits of being prepared for a disaster, perceived barriers to being prepared, and
cues to action for disaster preparedness. The KMO value of the data was meritorious and above
the recommended value of 0.60 (Fabrigar, Wegener, MacCallum & Strahan, 1999). The
communalities confirmed that each item shared some common variance with other items
(Child, 2006). Skewness and kurtosis values of each subscale were acceptable as recommended
by Kline who suggest that skewness values should be lower than 3 and kurtosis values should
be lower than 10 (Kline, 1998). The subscale internal consistency as estimated by Cronbach's
alpha was high which in turn suggest that the items in each scale were homogeneous.

The study is not without some limitations, the participants came from a groups that had
a higher than average educational and socioeconomic status, for instance, based on comparison
of demographic characteristics between our study respondents and the general population, our
study participants were comparatively younger males and consisted of academic and
administrative staff working in a government university and earning a more or less adequate
incomes. In addition, we were limited to EFA as our sample size was not large enough to split

the sample into two split - half samples which would have permitted us to conduct EFA

analysis on one half of the sample and Confirmatory Factor Analysis on the other half of the
sample. Also, there is a need for a more detailed testing before the utility this scale can be
firmly established, for example, validity and reliability could be performed in other groups
using a larger sample and the scale verified by using a confirmatory factor analysis to determine
the utility of the scale.

5. CONCLUSION

The result indicate that the 31 items model is a reliable and valid instrument for
measuring GDPB, furthermore, the study has been able to demonstrate the application of the
test and it would be interesting to applicate it in future research. Knowledge gained from this
study can be used to guide intervention aimed at informing and educating people about disaster
preparedness.
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Table Appendix 1. Item Responses to Statements on General Disaster Preparedness Belief

Inal, Altintas, & Dogan

Percentage (%)

SA A u D SD

effl I can not create an emergency /disasters evacuation plan with the people

who live around my neighbourhood (R). 94 332 217 325 31
eff2 I can do basic first aid. 31 325 210 350 8.4
eff3 | can specify the hazards which can cause a fire. 6.3 388 185 315 4.9
eff4 I can not conduct search and rescue even at the basic level (R) 49 360 213 350 28
eff5 I can fix the furniture that need to be fixed at home. 59 556 185 185 14
eff6 After an emergency situation/disaster, | can access the necessary services

needed for psychological support. 94 399 283 182 4.2
eff7 I can not use a fire extinguisher (R). 87 294 210 332 7.7
eff8 I can determine a safe place at home/in the building to stay during an

earthquake. 28 406 252 273 4.2
cuel  The policies on emergency situation/disaster encourage me to be

prepared for emergency situations/disasters. 31 220 217 392 140
cue2 My friends enlighten me about the necessity of making individual 03 129 220 462 185

preparations for emergency situations/disasters. ) ' ' ) ’
cue3 Booklets, newspapers, brochures do not inform me enough (R). 87 420 185 262 4.5
cue4  The people to whose opinion | pay much importance to guide me on the

subject of emergency /disaster preparedness. 31 269 203 385 112
cueb My family members do not inform me about the necessity of making

individual preparations for emergency situations/disasters (R). 70 378 273 227 52
susl I do not attach importance to preparing emergency/disaster kit for 07 147 217 444 185

emergency situations/disasters preparation (R). ' ' ' ’ '
sus2 | take into consideration that | may experience an emergency situation/a 154 594 126 126 0.0

disaster at some point in my life ' ' ' ' '
sus3 It is important for me to enhance building durability in the case of 360 493 108 38 0.0

emergency situations/disasters preparation. ' ' ' : :
sus4 My possibility of experiencing an emergency situation/a disaster is very

high in the next couple of years. 154 497 231 1 4.2
sus5 I find it unnecessary to fix the furniture that need to be fixed at home(R). 0.0 63 133 563 241
sus6 I do not talk about necessary emergency contact numbers during 77 423 126 255 11.9

emergency situations/disasters in my neighbourhood (R). ’ ' ) ’ )
barl It takes too much time of mine to make individual preparations for

emergency situations/disasters.(R) 42 423 150 332 5.2
bar2 I have responsibilities more important than making preparations for

emergency situations/disasters.(R) 00 388 112 451 4.9
bar3 I do not have enough information on individual emergency/disaster

preparedness (R). 87 542 171 164 35
bar4 I do not have enough money to make preparations for emergency

situations/disasters.(R) 00 175 157 612 .6
bar5 If it is my destiny to die as a result of emergency situations/disasters, |

will die (R). 31 381 157 311 119
bar6 I find it difficult to understand the family disaster plan(R). 35 227 206 444 8.7
benl My making individual preparations for emergency situations/disasters

will also save my family members. 199 633 105 3.1 3.1
ben2 Making preparations for emergency situations/disasters is helpful for my 196 619 157 21 07

needs during emergency situations/disasters ' ' ' ' '
ben3  Making individual preparations for emergency situations/disasters may

decrease the risk of death after emergency situations/disasters. 217 650 7.7 4.9 0.7
sevl An emergency situation/a disaster experience would not change my life

R). 49 6.3 59 605 22.4
sev2 I am afraid of dying as a result of emergency situations/disasters. 238 528 9.1 8.4 5.9
sev3 The idea of disasters scares me 196 59.1 119 49 4.5

SA =5=Strongly Agree (SA), 4 = Agree (A), 3 = Uncertain (U), 2= Disagree (D), 1= Strongly Disagree (SD). R=Reverse

coded
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Table A2. Item Responses to Statements on General Disaster Preparedness Belief (Turkish Version)

effl
eff2
eff3
eff4
eff5
effé
eff7
eff8
cuel

cue2

cue3
cued

cueb

susl
sus2
sus3
sus4
susb
sus6
barl
bar2
bar3
bar4
bar5
bar6
benl
ben2
ben3

sevl
sev2
sev3

Mabhallemde yasayanlarla birlikte Acil durumlar/Afetler ile ilgili tahliye plani olusturamam.
Temel ilk yardim uygulayabilirim.

Yangin ¢ikmasina neden olacak tehlikeleri belirleyebilirim.

Basit diizeyde olsa dahi arama-kurtarma yapamam.

Evde sabitlenmesi gereken esyalar1 sabitleyebilirim.

Acil durum/afet sonrasi ihtiyacim olursa psikolojik destek almak i¢in gerekli hizmete erigebilirim.
Yangin sondiirme cihazini kullanamam.

Depremden korunmak i¢in yasadigim evde/binada giivenli yer belirleyebilirim.

Acil durum/Afet konusundaki politikalar beni Acil Durumlar/Afetler konusunda hazirlikli olmaya
tegvik ederler.

Arkadaslarim Acil durumlara/Afetlere bireysel hazirlik yapmanin gerekliligi konusunda beni
aydnlatirlar.

Kitapgiklar, gazeteler, brosiirler beni yeterince bilgilendirmezler.

Fikirlerine 6nem verdigim insanlar acil durumlara/afetlere hazirlikli olma konusunda beni
yonlendirirler.

Aile tiyelerim Acil durumlara/Afetlere bireysel hazirlik yapmanin gerekliligi konusunda beni
bilgilendirmezler

Acil durumlara/Afetlere hazirlikta acil durum/afet ¢antasi hazirlamay1 dnemsemem.

Yasamimin herhangi bir doneminde Acil durum/Afet yagsayacagimi géz 6niinde bulundururum.
Acil durumlara/Afetlere hazirlikta bina dayanikliligini artirmak benim igin dnemlidir.
Oniimiizdeki birkag y1l iginde Acil durum/Afet yasama ihtimalim ¢ok yiiksektir.

Evdeki sabitlenebilecek esyalari sabitlemeyi gereksiz buluyorum.

Yakin ¢evrem ile acil durumlarda/afetlerde gerekli acil iletisim numaralari hakkinda konusurum.
Acil durumlara/Afetlere bireysel hazirlik yapmak ¢ok fazla zamanimi alir.

Acil durumlara/Afetlere hazirlik yapmaktan ¢ok daha énemli sorumluluklarim var.

Acil durumlara/Afetlere bireysel hazirlik yapmak icin yeterli bilgim yok.

Acil durumlara/Afetlere hazirlik yapmak i¢in yeterli param yok.

Kaderimde Acil durumlarda/Afetlerde 6lmek varsa Sliiriim

Aile i¢in afet planinin anlagilmasi zordur.

Acil durumlara/Afetlere bireysel hazirlik yapmam aile bireylerimi de koruyacaktir.

Acil durumlara/Afetlere hazirlik yapmak acil durumlarda/afetlerde ihtiyaglarima karsilik verecektir.
Acil durumlara/Afetlere bireysel hazirlik yapmak acil durumlar/afetler sonrast 6liim riskini
azaltabilir.

Acil durum/Afet yagarsam hayatimda higbir sey degismeyecek.

Acil durumlar/Afetler sonucunda 6lmekten korkarim.

Acil durum/Afet yasama ihtimalini diisiinmek beni korkutur.
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Students’ pictures,

1. INTRODUCTION

Teachers are one of the most important elements of the learning-teaching process. In this
process, teachers, as one of the most important elements, structure the learning-teaching
process and prepare a rich learning environment for the students. In the learning-teaching
process, the influence of many variables such as the teacher's professional knowledge and
skills, the teaching methods and strategies chosen, the use of equipment, classroom
management, the physical conditions of the class, the level of readiness of the students, and the
differences of the individual are very important.

In the learning-teaching process, the teacher should choose teaching strategies and
methods appropriate to the purpose of the course. It would not be possible to achieve the desired
result with teaching strategies and methods that are not selected according to students’
achievements. Since the learning speed, readiness and motivation will differ from student to
student, activities organized in the learning-teaching process should be organized in this
direction. Research emphasizes the importance of instructional strategies that motivate,
question, and support the student in relation to the real life of the student (Corbett & Wilson,
2002; Thompson, 2002). In other words, it is possible to create a rich learning environment
only if one takes into account the needs of students.

*Corresponding Author E-mail: ulaskubat@mu.edu.tr
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One of the important tasks of the teacher is to better identify the individual differences
of the students and to better determine the needs of their students. It is unlikely that a teacher
will be able to create a rich learning environment that does not adequately reveal pupils' reading
and readiness levels. Individual differences in learners are always an important part of teaching.
Teachers need a variety of different teaching strategies to accomodate the various needs of
students (Jacobsen, Eggen, Kauchak, 2006: 284). The most important task is to develop and
apply teaching methods and techniques according to different learning styles of each student.
This way, students can learn in a way that both appeals to them, as well as addresses the subjects
they feels they need by allowing more active participation.

It is the first duty of a teacher to properly design and use tools in the right time and place.
It is important that these selected tools, besides being appropriate for the lesson’s subject and
puropse, must low-cost and easy to obtain. In addition, the ease of use of these tools and the
level of development of students should be considered when selecting appropriate tools.

The physical conditions of classroom environment are among important factors for
student success. The physical characteristics of the classroom such as width, height, color,
light, cleanliness, accoustics and aesthetics, along with a seating plan are all important factors
for student success in the learning-teaching process (Gokge, 2014: 73). It is emphasized that
there is a connection between educational outcomes and physical conditions of schools (Clark,
2002). The acoustic structure, color, lighting, comfort, and classroom design of educational
facilities should be well considered when creating an effective learning environment (Dudek,
2000, Clark, 2002). In other words, the learning environment being well-lit, well-warmed,
having comfortable seating and being suitably painted, will contribute to students’ success. The
physical appearance of a class should be designed to complement student activities whilst
taking their needs into consideration. (Burden, 1995). The rate of student success with teachers
who provide a positive, intimate, student-supportive classroom atmosphere, is higher than
those whose classroom environments are negative, unpleasant, or unsupportive of students.
(Moore, 2001: 53). For this reason, teachers should prepare their classes very carefully at the
beginning of each school year.

It is important how a student perceives the teaching-learning process structurer that is the
teacher. Drawing, painting, and three-dimensional building activities are concrete indicators of
a child's emotions, thoughts, concepts, reactions and skills. Each child interperates their
surroundings differently (Artut, 2002). The drawings made by children reflect their inner world
(Malchiodi, C. A, 1998). These are effective ways of exploring children's thoughts, their
perceptions, and their inner world (White and Gunstone, 1992). Drawings made by children of
different ages are an important sign of their mental development, which is one of the best ways
of expressing their emotions. (Lowenfeld & Brittain, 1987). Some of the lines, symbols and
signs that children come to possess with perception are very important, and they are
components that reflect the world of children plainly. Painting is also a unique and simple
expression of the emotional and intellectual life of children (Artut, 2002). Therefore, children
are expressing their thoughts and feelings about the pictures and events they have been
experiencing and been thorugh in their lives

The fact that pictures and children are a dynamic in which they complement one another
and that besides pictures being proof of how people identify themselves are a rather effective
method in perceiving and representing nature. Apart from uncovering children’s feelings,
drawings also provide insight into their cognition, thoughts, perceptions, and judgments. (Lin,
2006). Drawings are often used in research to study the insights and perspectives of individuals.
They are therefore a useful way to examine the process of teacher identity development in
students (Weber & Mitchell, 1996). Children's drawings are one of the best ways of self
expression. Children can freely express emotions and thoughts with colours, lines, shapes, and
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images that they use. (Hsiao & Chen, 2015). In this context, we can get a lot of information
about teachers from the pictures children have drawn.

The cited research focuses on the perception of “scientists” of middle school students at
the age of 12-13, consisting of one experimental group and one control group pictures they
drew (Giiltekin, C., Tosun, O., Turgut, S., Orenler, S., Sengiil, K. and Top, G., 2010). In another
study, environmental perceptions of elementary school students were studied through painting
(Ozsoy, 2012). Analysis of the pictures drawn by the students reveals that although the new
science program is student-centered, there still exists a more teacher-centered learning
environment in science classes (Skoumios, MariaSavvaidou-Kambouropoulou; 2012). No
research has been conducted so far to reveal students’ perceptions of science teachers through
drawings. Therefore, with this study, it will be possible to obtain important information about
students' perceptions of science teachers during the learning process, as well as the actual
teachers’ teaching-learning process itself.

The aim of this research is to determine the primary school students’ perception of
science teachers. The research attempts to reveal primary school students’ perceptions through
drawings, of science teachers, their facilities, tools and teaching materials, which postures and
facial expressions they use and the kinds of activities they implement. In other words, with the
help of the pictures, theesearcher attempts to find out how science teachers form the learning-
teaching process.

2. METHOD

A qualitative research method was used in this study. In the qualitative research, the
researcher works on the events without interfering with the natural state of formation. The
product of the qualitative research is usually based on a rich detailed and in-depth narrative
rather than a statistical testimonial that includes a multitude of statistical test results (Johnson,
Christensen, 2012). The fifth, sixth, seventh, and eighth grade students have participated in this
research to reveal their perception of both the practice of science education and the learning-
teaching processes. They have created an in depth and thorough examination of their science
teacher through their drawings.

2.1.Working Group

The study group consists of 246 students studying in the primary schools affiliated with
the Ministry of National Education of Turkey. The purposive sampling methods were used in
the research. In the purposive sampling methods, the researcher forms the study group from
the sample that is easiest to access (Cohen, Manion, Morrison, 2000). The purposive sampling
method provides time, money and labor savings (Biiyiikoztiirk et al., 2009).

Table 1. Distributions of Surveyed Students by Grades

Students Grades Student Frequencies f/ %
Fifth grade 81/32.92
Sixth grade 44 /17.88
Seventh grade 76/30.89
Eighth grade 45/18.29

TOTAL 246/100.0
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2.2. Data Collection

The students in the study group were directed to the question "What comes to mind when
you think about science teachers?” and asked to draw a picture of it. Before the drawing,
students were provided with paper, pencils, colouring pencils and oil pastels which they could
choose and draw with. There was no guidance about what to draw. Students were given 45
minutes to complete their paintings. In qualitative research, visual materials such as film, video
and photographs can be used as data collection tools. When such materials are used together
with data collection methods such as observation, interview and document analysis, the
reliability of qualitative research based on collected data in such a versatile method will
increase significantly (Yildirim, Simsek, 2000). The data was collected during the spring of
2015-2016 period.

2.3. Analysis of Data

The "Drawing Analysis Scientist Test” (DAST) method developed by Chambers (1983)
distinguishes the typical scientist image from seven main characteristic features. However,
Finson and Beaver (1995) developed this criterion as the "Drawer Scientist Test-Checklist
(DAST-C)", which is easily applicable to anyone. In this study, a "perception of teacher"
checklist consisting of 13 categories and subcategories of the scientist drawing test and the
scientist control list created by Aykag (2012) was used.

In this research, 'Perception of Teacher Coding List" which was developed thanks to
expert opinions by Ayka¢ (2012) has been consulted. The categories in the “Perception of
Teacher Coding List” are “gender,” “size,” “gestures and facial expressions,” “physical
features,” “facility,” “actions taken,” “object used in hands,” and “objects found in class.” The
digitized values from the categories were obtained and tabulated by using the SPSS program,
percent (%) and frequency values. Findings reached in the research are presented by
interpreting the data in the tables.

3. RESULTS

The frequency data of 246 images obtained as a result of the research were analyzed
using the SPSS packet program and the findings are tabulated in percentage and frequency. In
the analysis of the drawings, a " perception of teacher " checklist consisting of 13 categories
and subcategories was created by Aykag¢ (2012). The checklist used was formed in a similar
manner to the scientist control list and was finalized by reffering expert opinions. All students’
drawings were evaluated and interpreted according to these categories listed below. The
following categories created for drawings are listed:

1. The way pupils perceive their teacher (Human, a recognized person, cartoon
character, object, etc.).

2. Gender perceptions of learners about the teacher (female, male, not human, uncertain,
etc.)

3. Physical appearance (in suit, white gown, tie, scarf, scattered, young, etc.)

4. Metaphores drawn as teachers (sun, book, heart, moon, star, cloud, school, flower,
world, angel, etc.)

5. Dimension (There is big, there is small, realistic.)

6. Gestures and facial expessions (happy face, excited, confused, angry, sad, shy,
anxious, unhappy, thoughtful etc.)

7. Physical properties (with glasses, scattered hair, clean groomed, bald, bearded,
mustache, physical disabilities, remarkable wounds, etc.).
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8. Place / facility/ positioning (Class, front of table, side, desk, laboratory, teacher's
room, garden, ceremony, event, computer, next to the flagpole, sky, etc.)

9. Form of action (When writing on the board, talking to the students, reading the paper,
reading the book, lecturing, listening, experimenting, violence against the students,

10. Objects used in hands (Ruler-stick, chalk, book, bag, paper, flower, pen, ball, bar
pallet etc.)

11. Objects around you (Library, students, table, board, tree, flower, heart, etc.)

12. Layout plan (Traditional layout layout, semi-layout, layout u, set layout, free layout,
etc.)

13. Objects and objects found in the class (wooden, table, row, cabinet, computer,
projection device, etc.)

While the student pictures were examined, the uncollected categories were coded as
"undrawn™ and the drawings other than the specified categories are given under “the others”
heading. Frequencies and percentages were used and interpreted when the data was evaluated.

Table 2. Students’ Perceptions of Teacher

Perceptions Fifth Grade Sixth Grade Seventh Grade  Eighth Grade Total

f /1% /% fl% fl% 1%
Human 62 /76.54 29/65.90 64/84.21 39/ 86.66 194/ 78.86
A Recognized 3/3.70 2/4.54 4/5.26 1/2.22 10/4.06
Person
Cartoon Hero 9/11.11 13/29.54 4 /5.26 2/4.44 28/11.38
Others 7/8.64 - 4/5.26 3/6.66 14/5.70
Total 81/32.92 44/17.89 76/30.89 45/18.29 246/100.0

In Table 2; 78.86% of the students perceive the teacher as "human.” However, about
11.38% of the students perceive the teacher as a "cartoon hero." It is also seen that 4.06% of
the students perceive the teacher as a "recognized person” (eg Albert Einstein, M. Kemal
Atatiirk). As seen in Table 2, it can be said that the students made more realistic pictures. In
this case, the fact that a great majority of teachers are portrayed as human beings can be
considered as a reflection of reality in the picture. The 11% student group, which is the second
highest rate in Table 2, likened teachers more to cartoon characters. This can be explained by
the creativity of the students in drawing pictures.

Table 3. Perceptual Gender Perceptions of Students

Perceptual Fifth Grade Sixth Grade  Seventh Grade  Eighth Grade Total
Gender f /1% fl% fl% fl1% f1%
Woman 59/ 72.83 9/20.45 37/48.68 24/ 53.33 129/52.43
Man 17/20.98 27/61.36 36/47.36 17/37.77 97/39.43
Not Human 2/2.46 4/9.09 3/3.94 - 9/3.65
Unknown 2/2.46 3/6.81 - - 5/2.03
Others 1/1.24 1/2.27 - 4/8.89 6/2.43
Total 81/32.92 44/17.89 76/30.89 45/18.29 246/100.0

As seen in Table 3, 52% of the students who participated in the survey stated their
teachers as women in their paintings. Again referring to Table 3, it is seen that 39.43% of the
gender perceptions of teachers are "men™ in the pictures drawn by the students. It is seen that
about 8% of the students who participated in the research have drawn their teachers in the sub-
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materials such as "Not human”, "Unknown", "Other" (materials for science lesson instead of
teacher). As seen in Table 3, it can be said that the students depicted their teachers as women
to a great extent. According to this, it can be deduced that female teachers tend to be more
involved in this area in terms of science courses.

Table 4. Physical Appearance of the Teacher

Physical

Appearance Fifth Grade Sixth Grade Seventh Grade Eighth Grade Total
of the Teacher f /% /% /% /% /%
With Suit 22/27.16 6/13.63 11/14.47 4/8.88 43/17.47
White Apron 11/13.50 11/25.00 29/38.15 17/37.77 68/27.64
With tie 18/22.22 8/18.20 13/17.10 6/13.33 45/18.29
Sweatpants 2/2.46 - 1/1.31 - 3/1.21
Messy 3/3.70 - 2/2.63 2/4.44 7/2.84
Stylish Dress 17/20.98 10/22.72 9/11.84 9/20.00 45/18.29
Young 2/2.46 7/15.90 11/14.47 7/15.55 27/10.97
Not Drawn 4/4.93 - - - 4/1.62
Others 2/2.46 2/4.54 - - 4/1.62
Total 81/32.92 44/17.89 76/30.89 45/18.29 246/100.0

As seen in Table 4, about 28% of the students who participated in the research described
their teachers as wearing "white overalls" in the drawings they had drawn. Approximately 19%
of the students described their teachers as wearing "a tie" and about 19% as "elegantly dressed."
In Table 4, it is seen that the student group that depicts the teachers as wearing "white overalls"
is the 7th grade students. Beside these, the level of describing teachers as wearing white
overalls is progressing in line with the grade level. From here it is also possible to reach the
conclusion that the teachers wearing white overalls when entering the classroom increases as
the grade level increases.

Table 5. Students” Metaphores for Teachers

Metaphores Fifth Grade Sixth Grade  Seventh Grade  Eighth Grade Total

f 1% /% fl% fl% /%
Sun 2/2.46 - - 1/2.22 3/121
Book 1/1.23 4/9.09 1/1.31 1/2.22 7/2.84
Heart 1/1.23 2/ 4.54 - 214.44 5/2.03
Moon - - - - -
Star - 1/2.72 - - 1/0.40
Cloud - - - - -
School 1/1.23 1/2.72 - - 2/0.81
Earth - - 2/2.63 - 2/0.81
Not Drawn 76/ 93.82 36/ 81.82 73/96.05 41/91.11 226/ 91.86
Total 81/32.92 44/17.89 76/30.89 45/18.29 246/100.0

From Table 5 it can be seen that most of the students depicted teachers as "books" in their
paintings. From the results obtained, it can be seen that the students see their teachers as a
source of information like books. It is seen that the students who use metaphors for teachers in
their paintings are mostly lower grade students. It can be said that students from the upper
grades use more realistic items in their paintings.
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Gestures and

Facial Fifth Grade Sixth Grade  Seventh Grade Eighth Grade Total
Expressions fl% fl% fl% fl% fl%
Smiling 61/ 75.30 19/43.18 36 / 47.36 16 / 35.56 132/ 53.65
Confused 21/2.46 4/9.09 1/1.31 6/13.34 13/5.28
Excited 3/3.70 2/ 4.54 14/18.42 2/4.45 21/8.53
Sad 1/1.23 6/13.63 7/9.21 1/2.23 15/6.09
Angry - 1/2.72 2/2.63 2/4.45 5/2.03
Shy - 1/2.72 8/10.52 - 9/3.65
Worried 3/3.70 1/2.72 - 1/2.23 5/2.03
Unhappy 41493 1/2.72 2/2.63 2/4.45 9/3.65
Considerate 7/8.64 7/15.90 - 10/22.23 24 /9.75
Not Drawn - 2/4.54 6/7.84 5/11.12 13/5.28
Total 81/32.92 44/17.89 76/30.89 45/18.29 246/100.0

Table 6 shows that findings related to the gestures and facial expressions of teachers are
seen according to the perceptions of the students. According to this, it can be said that the
students perceive the teachers as mostly "happy-faced". From here it can be reached that the
teachers have a positive influence on the students during the learning-teaching process.

Table 7. Dimensions of Teacher Figure by Perceptions of Students

_ _ Fifth Grade  Sixth Grade  Seventh Grade Eighth Grade Total
Dimenssions fl% fl% fl% fl% fl%
Large 5/6.17 6/13.63 2/2.63 3/6.66 16/6.50
Small 7/8.64 9/ 20.45 1/1.31 1/2.22 18/ 7.31
Realistic 64/79.012 22%50.00 70/92.10 37/82.22 223/90.65
Not Drawn 5/6.17 8/18.18 3/3.94 4/8.89 20/8.13
Total 81/32.92 44/17.89 76/30.89 45/18.29 246/100.0

In the pictures drawn by the students seen in Table 7, the size of the teacher figure is
realistic by 90%. According to this, it can be said that in the pictures of the students close to
the whole, the teachers and the other objects are conveyed on paper with their actual
dimensions. Looking at the other subcategories, 7% of the students can achieve the result that
they are small with the teacher figure.

Table 8. Physical Characteristics of Teachers from Perceptions of Students

Physical Fifth Grade f  Sixth Grade Seventh Eighth Grade Total
Charasteristics | % /1% Grade /% /% /%
With 1/1.23 4/9.09 8/10.52 1/2.22 14/5.69
Eyeglasses

Messy Hair 13/16.04 9/20.45 22 /28.94 17/ 37.77 61/24.79
Groomed 48 /59.25 19/43.18 38/50.00 26 /57.77 131/53.25
Bald 2/46 1/2.72 2/2.63 - 5/2.03
Bearded - 1/2.72 - - 1/0.40
Not Drawn 7/ 8.64 9/20.45 415.26 1/2.22 21/8.53
Others 10/12.34 1/2.72 2/2.63 - 13/5.28
Total 81/32.92 44/17.89 76/30.89 45/18.29 246/100.0




Kubat

In Table 8, perceptions of the students about the physical appearance of the teacher are
seen. More than half of the students have shown their teachers “clean and well-maintained".
Some students painted their teachers as "hair scattered”. Together with these, students did not
depict their teachers as having "remarkable injuries™ or "physical disabilities.” From here it can
be said that the students perceive the physical appearance of the teachers as more positive.

Table 9. Location of Teachers by Perceptions of Students

Location of Fifth Grade Sixth Grade  Seventh Grade  Eighth Grade Total
Teachers fl% /1% /% /1% /%
Classroom 37/ 45.67 14/31.81 12/15.78 9/20.00 72129.26
In front of the 27/33.33 71/8.64 9/11.84 3/6.66 46 /18.69
Board

Table 3/3.70 21454 6/7.89 1/2.22 12/4.78
Near the 9/11.12 4/9.09 14/18.42 11/24.44 38/15.44
Board

In Laboratory 3/3.70 11/25.00 21 /27.63 14/31.11 49/19.91
In a field - - 2/2.63 1/2.22 3/1.21
School Garden - - 1/1.31 3/6.66 4/1.62
Ceremony - - 3/3.94 - 3/1.21
Activity - 1/2.27 2/2.63 3/6.66 6/2.43
On Computer 1/1.23 3/6.81 5/6.57 - 9/3.65
In Front of the - - 1/1.31 - 1/0.40
Flagpole

In the Sky 1/1.23 2/4.54 - - 3/1.21
Not Drawn - - - - -
Total 81/32.92 44/17.89 76/30.89 45/18.29 246/100.0

Taken into account the Table 9, it is seen that students depicted their teachers more "in
class". Approximately 20% of the students depict their teachers in the "Laboratory"”, while
some students depict their teachers "in front of the Board". Again, 15% of the students have
shown their teachers "in the picture”. From the obtained findings, it can be reached that the
teachers continue the learning-teaching process in the class environment and the students also
perceive the teachers in this way.

Looking at Table 10, it can be seen how the students conveyed the actions of the teachers
according to the perception of the students. As seen in Table 10, about 45% of the students
depicted their teachers as "writing on the board,” "walking around the school" and "teaching."”
Despite this, the proportion of students drawing "when doing experiment"”, "observing", and
"when performing activities with students" was found to be very low. The fact that observations
and experiments constitute the basic structure of the science course are made so low according
to the perception of the students plays a big role in the importance of the research.

As can be seen in Table 11, there are objects in the hands of the teachers in the students’
depictions. Teachers who need to have experimental equipment in the laboratory environment
and mostly in the science class have "books" in their hands with a rate of 26.82% according to
the perception of the students. Approximately 25% of the pupils depicted in their teachers'
materials such as "Ruler-stick” and "Pencil”. Approximately 13% of the pupils depicted their
teachers in their hands with "Student’s Hand" and "Flower."
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Table 10. Types of Teachers’ Actions Perceived by Students

Types of Fifth Grade  Sixth Grade Seventh Grade Eighth Grade Total
Teachers’ fl/% fl% fl% fl% fl%
Actions

Writing on the 23/28.39 8/18.19 11/14.47 6/13.33 48 /19,51
Board

Walking in 14/17.89 5/11.36 13/17.10 4/8.89 36/14.63
Classroom

Speaking to 71/8.61 3/6.81 3/3.94 1/2.22 14 /5.69
Students

Reading Paper 1/1.23 - - - 1/0.40
Reading Book - 21454 1/1.31 3/6.67 6/243
Lecturing 16/19.75 9/20.45 16/21.05 9/20.00 50/ 20.32
Experimenting 9/11.11 6/13.63 12/15.78 11/24.45 38/15.44
Observing - 3/6.81 21/2.63 1% 2.22 6/2.43
Showing - - 1/1.31 1/2.22 2/0.81
affection to

Students

Giving - 1/2.27 2/2.63 - 3/1.21
Students a

Flower

Playing with - 1/2.27 1/1.31 21/4.45 4/1.62
Students

Activity with 5/6.17 21454 2/2.63 31/3.67 12/4.87
Students

While Standing 6/7.40 3/6.81 9/11.84 4/8.89 22 /8.94
Not Drawn - - - - -
Other - 1/2.27 2/2.63 - 3/1.21
Total 81/32.92 44/17.89 76/30.89 45/18.29 246/100.0

Table 11. Objects in Teachers' Hands According to Perceptions of Students

Objects in Fifth Grade Sixth Grade ~ Seventh Grade  Eighth Grade Total

Teacher’s fl% f/1% fl% fl% fl%
Hands

Ruler 17/20.98 4/9.09 8/10.52 3/6.67 32/13.00
Book 21/25.92 15/34.09 19/25.00 11/24.44 66 / 26.82
Bag 6/7.40 2/4.54 6/7.89 - 14 /5.69

Paper 12/14.81 - 5/6.65 3/6.67 20/8.13

Chalk - - 1/1.31 - 1/0.40

Flower 718.64 6/13.63 5/6.57 1/2.27 19/7.72

Pencil 2/2.46 7/15.90 11/14.47 10/22.72 30/12.19
Ball - - - - -

Rod 21/2.46 3/6.81 7/9.21 4/8.89 16/ 6.50
Palette - - - - -
Student’s 4/4.93 1/272 3/3.94 21/4.45 10/ 4.06
Hand

Not Drawn 71/8.64 6/13.63 11/14.47 9/20.00 33/13.41

Others 3/3.70 - - 2/4.45 5/2.03

Total 81/32.92 44/17.89 76/30.89 45/18.29 246/100.0
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Table 12. Objects Surrounding the Teachers by Pupils' Perceptions

Objects Fifth Grade  Sixth Grade Seventh Grad¢ Eighth Grade Total
Surrounding the f /% /% /% fl% fl%
Teachers

Flag 8/9.87 12/27.27 6/7.89 3/6.67 29/11.78
School 2/2.46 1/2.27 5/6.57 1/2.22 9/3.65
Students 11/13.58 2/4.54 6/7.89 5/11.11 24 19.75
School Garden 21/2.46 - - 1/2.22 3/1.21
Book Shelf 14/17.28 3/6.81 8/10.52 7/15.56 32/13.00
Board 17/20.98 11/25.00 19 % 25.00 10/22.23 57 123.17
Table 9/11.11 2/4.54 11/14.47 7/15.56 29/11.78
Atatiirk’s Corner 5/6.17 5/11.36 719.21 6/13.34 23/9.34
Flowers 1/1.23 21454 - - 3/1.21
Star 2/2.46 - 1/1.31 - 3/1.21
Test Tubes 718.64 6/13.63 12/15.78 4/8.89 29/11.78
Others 3/3.70 - 1/131 - 4/1.62
Total 81/32.92 44/17.89 76/30.89 45/18.29 246/100.0

From Table 12, when looked at the perceptions of the students about the objects that are
around the teachers, it is seen that 23.17% of the students depict "Board" around their teachers.
This is followed by "Book Shelf" with 13.00% and "Flag" with 11.78%. The "test tubes", which
are the first materials that should come to mind about the science course, are among the objects
drawn around the teachers with a ratio of 11.78%. From this data, it can be suggested that
teachers hold lessons in the classroom environment rather than in the laboratory environment
in the process of teaching and learning science lessons.

Table 13. Seating Patterns According to Students' Pictures

Setting Patterns Fifth Grade Sixth Grade  Seventh Grade  Eighth Grade Total
fl% fl% fl% fl% fl%
Traditional Rows 26/32.09 17/ 38.63 22/28.94 19/42.22 84/34.14
Semi Circle 9/11.11 5/11.36 7/9.21 2/4.44 23/9.34
U Scheme 32/39.50 9/20.45 14718.42 7/15.56 62 /25.20
Cluster Configuration ~ 3/3.70 1/272 4]5.26 1/2.22 9/3.65
Free 81/9.87 71/15.90 17122.36 6/13.34 38/15.44
Ceremony 2/2.46 1/2.72 2/2.63 5/11.12 10/ 4.06
Not Drawn 1/1.23 3/6.81 6/7.89 3/6.67 13/5.28
Others - 1/2.72 4/5.26 2/4.44 71284
Total 81/32.92 44/17.89 76/30.89 45/18.29 246/100.0

The findings given in Table 13 reveal that the perceptions of the layout of the students
are drawn by the students. According to this, 34% of the students who participated in the survey
depicted their seating styles as "traditional rows" order. 25% of the students depicted their
seating layout as "U-shape™, but this ratio is quite low. Again, as many as 15% of the students
have illustrated their seating layout as "free". The fact that the ratio of the free seating order is
so high can bring criticism to mind either positively or negatively. Here, the communication
between the teacher and the students is an important point where they prefer free seating
because of the intention to increase inter-class interaction or lack of competence in class
management.
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Table 14. Objects in Classroom Based on Perceptions of Students

Objects in Classroom Available Not Available
fl% fl%
Board 194 |/ 78.86 52 [ 21.13
Table 202 / 82.11 44 | 17.88
Desks 185 / 75.20 61 / 24.79
Ataturk Portrais and National Anthem 163 / 66.26 83 / 33.73
Panels 177 [/ 71.95 69 / 28.04
Projector 38 / 15.44 208 / 85.55
Overhead 71284 239 / 97.15
Computer 32 [/ 13.00 214 | 86.99
Test Materials 24 | 9.75 222 [ 90.24
Models 13 / 5.28 233 / 94.71
Flag 169 / 68.69 77 / 31.30

Table 14 shows that there are objects in the class according to the perceptions of the
students. A large majority of students depict the classrooms with objects such as "board",
"table", "desks", "pin boards," reflecting the traditional classroom environment. A large
majority of the same students did not show the pictures of "Computer”, "Projection”,
"Overhead" and "Experimental Materials" in their drawings. Their pictures, which constitute a
more technological classroom environment, support more permanent learning and teaching
environment. It can be said that the teachers who teach the science course are not using the
class environment effectively and cannot integrate the technology into the classroom
environment.

4. DISCUSSION and CONCLUSION

As a result of the research carried out, it has been ascertained that the students perceive
teachers as "human beings" to a great extent, and they portray them as such. However, some
students perceive their teachers as "cartoons" and others as "well-known people." A group of
students used metaphors while drawing their teachers, likening their teachers to the sun or the
stars. From here it can be said that a large majority of the students are realistic in perceiving
their teachers.

When the metaphors used by the students are examined in detail, it is seen that the
metaphors used have an important place in human life. The fact that students transfer their
teachers as important assets in this way shows that they have positive views of the teachers.
However, it can be concluded that they perceive their teachers as a source of information.

When the students perceptions of the teachers’ gender are examined, it is understood that
the figures which are depicted with a small proportion are mostly female teacher figures. From
this point of view, it is possible to reach the conclusion that the students have more courses in
science lessons with female teachers and at the same time, female teachers prefer to teach more
in sciences than male teachers. In view of the data obtained and examined in the survey, it is
seen that the students mostly depicted their teachers as wearing "white overalls" when they
perceived the teachers' physical appearance. Some students portrayed their teachers in "suits"
and "ties" and as "stylishly dressed." Accordingly, it can be said that the students did not show
the teachers more as white doves, so that the teachers were able to reflect more in the laboratory
environment, or at least to reflect the science teachers' view of their students. In the study of
Aykag (2012), it has been seen that the students in the same subcategory draw their teachers
more in "suits" and as "elegantly dressed.” In both surveys, the physical appearance of the
teachers can be interpreted in such a way that the teachers have a positive effect on the students.
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According to the perceptions of the pupils, when looking at the dimensions of the teacher
figure, it is seen that the students are mostly "realistic” when drawing their teachers. When the
age group of the students participating in the research is taken into account (10-15), the teachers
are closer to realistic dimensions in the drawings of the students. In Aykag's work, it is seen
that the students draw pictures with more realistic dimensions.

In addition to these, some students in the Aykag study have been able to see that while
the teacher has been drawn larger and smaller than realistically, the students are more inclined
to draw their teachers as smaller rather than larger.

Picture 1. Drawing of 108 Coders from 7th Grade

As you can see in Picture 1, students are more likely to make small presentations than to
draw the teacher large. As a result, it can be deduced that teachers are inadequate in the
classroom or laboratory environment, failing to address all students, manage the classroom,
and impliment the learning-teaching process. When the findings of the teachers' gestures and
facial expressions were examined, it was seen that the students portrayed their teachers as
happy faced. From here it is possible to reach the conclusion that teachers have a positive effect
on students.

When the students’ peceptions of the teacher’s physical characteristics were examined,
it was found that the students described the teachers as "clean and well-maintained.” From this,
it can be said that teachers have positively affected the students in terms of physical appearance.
But, some students portrayed their teachers with "scattered hair" and it is inevitable that some
teachers are a negative example in terms of physical appearance. According to the research,
one of the most important findings is that the places where the teachers are located are more in
class and in front of the board.

Looking at Picture 2, one can see that the science teacher is depicted in a traditional way,
that is, in front of a book, in a classroom arranged by traditional order, while it should have
been in a way that a science teacher should be perceived more in a laboratory environment or
in places such as gardens, museums, or science-art centers.
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Picture 2. Drawing of the Learners Coded as 64 in 5th Grade

In science education, the teacher should know how to create learning opportunities with
organized activities both inside and outside the classroom, and to extend the learning-teaching
process so that every student has opportunities created for them (Ayvact & Unal, 2017). The
fact that science teachers are depicted in the traditional classroom environment even though
they should have been portrayed more likely in a laboratory or outdoors shows that they cannot
expand their role in the learning-teaching process and cannot use the lab environment
effectively in science teaching. The representation of teachers in the highest grade as “in front
of the board” is also an indication that teachers cannot manage the learning-teaching process,
or take into account the students’ individual differences, and try different teaching methods.

Picture 3. Drawing of 88 Coded student from 6th grade
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When teachers’ actions are considered, the teachers are depicted more as standing during
lessons as shown in Picture 3. If this situation is to be evaluated in terms of science, it can be
said that science teachers do not perform experiment activities and activities that support
students' learning by doing the most important thing in science and strengthening relations
among students and taking into consideration the classroom or laboratory environment they are
in. The objects in the teachers' hands also provide us with important clues as to how they direct
the learning-teaching process. According to the research, mostly books were displayed in the
teachers' hands. From here, it is possible to say that teachers mostly benefited from the books
as resources in the class environment. Today, with the development of technology, the
learning-teaching process and the education-learning environments with it also change. It is
expected that teachers will benefit from the most technological advancements in the learning-
teaching process and to make the technological tools and equipment a continuous part of the
classroom environment in an effective way. According to the research findings, teachers do not
include these tools in the learning-teaching process, and still perform teaching activities by
traditional methods.

In the learning-teaching process, tools are generally used to support teaching. Well
designed and useful materials enrich the teaching environment and increase the quality of
teaching together with it.

Picture 4. Hlustration of 224 Coded Learners from 8th grade

Tools used in the process provide a multi-learning environment and contribute to meeting
the individual needs of the students. Tools are used to attract attention, facilitate remembrance,
embody abstract learning, enable time saving, re-use, and increase understanding by
simplifying content (Yalin, 2012; 82-90). When the objects in the classroom environment
shown in Picture 4 are examined carefully, it is seen that most of the students draw materials
that can be found in almost every classroom while it should have depicted enriched teaching
environments and shown materials to meet individual needs. From this, it is concluded that
materials which enrich the course content and help simplify the process are not used enough.
It is necessary to use these materials more effectively in the classroom and laboratory
environment during the learning-teaching process.
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Also, the research reveals that the enrichment of teaching and individual differences is
affected by the seating layout of the students in the learning-teaching environment. Regulation
of the classroom environment increases the quality of teaching and helps students to learn
easily (Yalin, 2012; 103). If the findings of the classroom are interpreted according to the
perceptions of the students participating in the research, it can be said that the classic seating
is mostly used in the classroom. Communication in the classroom is the lowest level in the
traditional seating plan. However, it is not possible to use discussion techniques effectively in
this order (Yalin, 2012; 103). Not only for the science class, but also for the classroom or
laboratory environment, the most recommended is the U-shaped seating arrangement.
Classroom interaction increases in the U-class seating arrangement, which enables students to
have better quality interactions with each other. A teacher’s preference for traditional seating
order may indicate the inadequacy of teachers' knowledge of classroom management and
classroom organization, or that their classes are too crowded to implement it. The arrangement
of the teaching environment should not be limited to the traditional seating arrangement only.

Picture 5. Illustration of 184 Coded Learners from 8th grade

The use of equipment in the teaching environment and in the learning-teaching process
is also very important. In the course of the research, the objects in the classroom have also been
studied. Students also depict objects such as Ataturk Portraits, National Anthem, Turkish Flag,
which are traditionally found in Turkish classrooms, as well as objects such as projectors,
computers and overhead projectors as shown in Picture 5. Unfortunately, the number of
students painting these tools remains very low. From this, it can be acertained that there is need
for essential tools in the learning-teaching environment, but they are not used effectively.

This analysis of pupils' perceptions of their images indicates that the physical appearance
of teachers in general has a positive effect on students overall and that technological tools and
that equipment is not used well in the classroom environment. But, technology can adapt to
teaching environments very quickly. However, in science class, it has been found that the
learning-teaching process is still mostly done in the classroom environment, and that students
can participate very little in classroom communication by sitting in the traditional seating order.
From this point of view, it has been revealed that in the science classes, teachers are still lacking
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in the learning-teaching process and have problems in the effective use of classroom
management, teaching techniques and materials.

In science classes, teachers need to integrate information technologies well into the
learning-teaching process in order to produce more qualified learning-teaching processes. So
as to provide more qualified and lasting learning, teachers can better analyze the emerging
technology and integrate it well into the learning-teaching process. In addition, the seating
layout of the classroom is also very important in planning the learning-teaching process.
Teachers should opt for a U-shaped seating arrangement in the classroom to enhances and
facilitate teacher-student, student-student communications.

In today's world where the technological developments and knowledge change rapidly,
the seating order in the classroom, the processing of science lessons in the traditional classroom
environments becomes meaningless. Instead, teachers should choose to conduct science
lessons in places that will create richer learning opportunities, such as laboratories, museums,
science-art centers, school and outdoors rather than conducting science classes in a traditional
classroom settings. It will be more useful to evaluate the results of this study not only within
the content of this research work, but also within the scope of all the courses carried out
throughout the country in order for the individuals trained to adapt to the developing world.
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Abstract: Study aims to determine whether the university students' scores in ARTICLE HISTORY

the compulsory Islamic culture course test on a selected sample differ across Received: 15 September 2017
the paper-and pencil test (PPT) & computer-based test (CBT) versions, and to N

reveal the relationship between gender and the student's level of performance Revised: 16 December 2017

in the test, Therefore, the study evaluated the comparability of two versions Accepted: 20 December 2017
of a compulsory Islamic culture course test (PPTs) and (CBTs). The importance

of conducting the study in Jordan stems from the fact that public and private KEYWORDS

universities have begun to move away from the traditional patterns of tests PPT

such (PPTs) and went towards (CBTS), In addition to detecting which models ’

give the best in the output and has the characteristics of the psychometric test, CBT,

Furthermore indicates whether there were differences between males and Comparability,

females, the study sample consisted of 120 individuals, 67 females and 53 Gender difference,

males from scientific, health and humanities colleges. The results showed that Test preference

there was no significant difference between the two versions provided to
students CBT and PPT with 0.36 moderate correlation indicators in the pre-
CBT test, no significant differences between the males and females in the
CBT test results. Therefore, on the basis of the results of the present study,
the CBT test is an option and a preferred alternative for regular students of the
bachelor's level at the University of Jordan.

1. INTRODUCTION

CBT has recently appeared as one of the most demanded viable form of alternative
assessment throughout the world. Along with the development of computer assisted language
learning (CALL) in education, applying computers as accepted assessment tools seem to be
inevitable especially in academic settings. In education, CBT is used to evaluate the language
proficiency of English learners (Fleming & Hiple, 2004). Also, computer-based testing CBT
has grown in popularity and will likely become the primary mode for delivering tests in the
future. Computers revolutionized the world of training and development. Many investigators
such as Fuhrer (1973) began researching on many point of mode which has enhanced training
through computers. Many studies focused on the effects of using computers in the classroom
for testing on various aspects of the learning environment such as student anxiety, teacher
attitudes, student achievement and more.
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The computer had a significant impact on education over the past 20 years, its impact on
educational testing is interesting and remarkable, although a number of large educational
institutions, such as ETS and English, Cambridge ESOL has designed CBTSs, a limited number
of educational institutions have adopted these tests, and few teachers apply them to their
students, which explains the continued dominance of PPTs on the educational field. In the
current period, the development of science and technology is advancing. This has an impact on
life, including on education. The presence of technology in education is used to assist and
improve the quality of learning (Woolfolk, 2007)., while the number of countries regard
education as crucial for improving their current situation in every respect and moving it a step
further in the information age of the 21st Century. In this context, Aslan (2006) pointed out
that the developments which have occurred in information technology have given students fast
and easy access to information, which has made a great contribution to education systems. As
an example of the accelerated use of computers in the educational and academic fields mostly
in tests, there have been several different versions of these examples and applications that have
become issues of interest to researchers and those interested in the field of educational and
academic applications in the field of tests and comparisons with methods and traditional
versions used by educators and academics to submit to examiners. With a view to carrying out
the assessments of the examiners through its results on the applicable tests version in an effort
to improve the quality and accuracy of subsequent decisions.

It is important to address two types computer-based tests, Computer based standard
testing CBTs and Computer-adaptive testing CATSs, the CBT test is, in short, the usual paper
version of the test, which has been converted into CBTs. Therefore CBT is as static as in the
original paper copies of the test. In other words, all applicants for the computer test answer the
questions in the same order in which questions are presented in the paper version, while a
computer test adapted to the language proficiency of the CAT student, the tester’s answer
different sets of questions, which are asked according to their level. Their answer affects a
question about the following questions. A little bit of the first, and put it on the applicant to the
test, and vice versa if the answer is wrong, the computer will choose an easier difficult question,
hence the name "adaptive test". CBTs are characterized by a number of features, tests are more
stable and credible, and the CBT is superior to paper testing in many positive aspects. CAT has
the ability to perform more rigorous and credible tests in determining the level of language
knowledge among students. This is because it uses statistical analysis to assist the language
test in identifying weak and good questions (Niemeyer, 1999)., but the problem with
computerized tests arises when the matter of validity comes; however, there is no evidence to
show that the construct of CBT may produce less valid tests. Instead, other factors may
influence tests that have little to do with the testing objectives the test developer intends to
provide. For example, in many CBTSs, it seems that the test designer started from a valid
objective, but the limitations of the program, system, language or the tester's own
characteristics have influenced the results of tests (Chapelle & Douglas, 2006).

(Khoshsimal et al., 2017) He explained that CBT has recently appeared as one of the
most demanded viable form of alternative assessment throughout the world. Along with the
development of computer assisted language learning (CALL) in education, applying computers
as accepted assessment tools seem to be inevitable especially in academic settings, as
mentioned (Holtzman, 1970) that IBM version 805 machine used in 1935 has been recorded as
the first attempt to use computers in educational testing domain. It aimed to score objective
multiple-choice item tests of American test takers each year to reduce the costs of scoring labor
of millions of test takers throughout the USA, after publication of the first book on CBT in
language domain, also (Al-amri, 2009) pointed out that many developments in technology
caused rapid enhancements in comprehensive language testing software packages to use great
advantages of CBT such as the innovation, efficiency and productivity, CBT assesses test
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taker’s language proficiency accurately by providing more efficient standardization of test
administration conditions, in CBT the same instructions, materials and information are
presented in an enhanced consistent and uniform way to all test takers, regardless of the testing
population size, place and time of testing. Moreover, unlike paper examination in conventional
classroom, immediate viewing of scores on screen is provided in CBT session to give test takers
the instant feedback. But, in some cases of large-scale CBT occasions, the security issues such
as identity detection of test takers are the main concern.

Universities, some institutions, and testing organizations have started to change the mode
of testing administration and to replace their paper and pencil tests PPTs with CBTs in language
assessment field (Kate, 2012), while comparability and equivalency of test scores between the
two test administration modes have been the real concerns for educators, scholars, practitioners
and designers in assessment field (Lottridge, Schulz, 2008).

The sequence of studies and research on the preference of the examiners and educators
to PPT compared to CBT, such as (Ackerman, 2011; Clariana, 2005; Creed et al., 1987;
Destefano, 2007; Dillon, 1994; Dundar, 2012 & Monirosadatet et al., 2014) study, showed that
they agreed to prefer computer examiners CBT, while their results are better on paper and pen
PPT, while (Higgins et al., 2005), (Al-amri, 2009) have been mentioned that there are no
significant differences between the use of both models nor correlation between test mode
preference and testing performance, used in the test and the performance of students, with
regard to the gender of the respondent and his preference for any of the two models, some
studies, such as (Gallagher, et al., 2002; Wallace & Clariana, 2005) indicated a preference for
females to use the form PPT in front CBT model.

From the review of educational literature and previous studies that dealt with this
important issue, the results of no significant differences between the use of both models, used
in the test and the performance of students, shortage of correlation between test mode
preference and testing performance, remains a subject of discussion and extensive examination
of the different variables that affect the results of both versions such as gender, ethnic variables,
motivation of the examiner, the concern of the test, the conditions of application, cognitive
processes and technical issues which lead to the conclusion and the result that the use of the
computer is not the tool of choice for evaluation, computers have become more widespread
and used in academic aspects, especially in the application of tests in all its forms and their
versions and in the results of which they depend on mainly the analysis of important decisions
academically and practically, it has produced a lot of studies in the field of comparison between
CBTs and paper and PPTs results are not compatible or consistent in the field of validity,
reliability and significance differences of test scores.

Therefore, based on the above, the current study was to follow up and complete the
research and study carried out by the researchers on the use of test models based on PPT
compared to using CBT applying both models to a sample of university students and to a
completely different topic of language, which focused on most studies in the application, and
based on the availability of data and the potential and desire of volunteers from university
students, the study came to discuss the comparison between the models of application on the
subjects to confirm or deny or modify the previous studies of the results and analyzes.

2. METHODOLOGY
2.1. Purpose of The study

What may affect the validity of the effects of the test mode and the reliability of those
results are not specific since the subjects of both male and female gender and their preference
to test mode and performance will continue to discuss and research that the results of studies
have varied between agreement and conflict on the subject and perhaps the proliferation of
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computers in individual everyday life and make life more Automation. The increase in the use
of computers in the academic community, especially in the field of tests, requires that
traditional tests such as PPTs compared to CBTs waste time in preparation, processing,
assessment and effort, as well as the tendency of the subjects often to computer tests. Equating
the scores received from two types and suppressing test management, this may require further
research on the relationship between some external variables of the mediator such as the sex
test and test mode with test performance with greater attention, so the present study aims to
determine whether the university students’ scores in the compulsory Islamic culture course on
a selected sample differ across the versions and to reveal the relationship between gender and
the student's level of performance in the test, based on this purpose, the study derived the
following questions:

RQL1: Is there any statistically significant difference between PPTs and CBTs when applying
of the Islamic culture course test for students of the University of Jordan?

RQ2: Is there any significant difference in test results of CBT between female and male to
Islamic culture course test on the students of the University of Jordan?

RQ3: Do performance on CBT affected by participants’ prior testing mode preferences?

2.2. Method

The present research that covered both comparison and correlational studies explored the
comparability of paper and computer-based testing in a compulsory Islamic culture course and
the correlation between some external moderator factors including test taker’s characteristics
such as computer attitude,. In order to reach solid conclusions in this research, a quantitative
instrument’s were used to investigate the difference between test results due to its advantages
such as easy and fast data collection, consistency and accuracy of collected data and proper
descriptive and inferential results, the study used the technique used by the (Khoshsimal, et
al., 2017) study to examine the differences between the averages. The analysis of variance
ANOVA was used in the study, with the different study population, sample size and nature of
the test subject, and to reach the goals of the present study, a quantitative approach including
descriptive statistics and was used to answer the first research question by comparing the means
of sets of scores and to examine the significant difference between computer familiarity and
attitudes, and testing performance of students, add to see if there was any difference between
the scores of PPT and CBT. A majority of research conducted on PPT and CBT comparability
study focused on the differences in means and standard deviations, (e.g. Makiney, Rosen, &
Davis, 2003; Pinsoneault, 1996).

2.3. Population and sample study

The current study society consists of all the students of the University of Jordan for the
academic year 2016/2017, which are 35359 students according to the Department of Admission
and Registration at the University. The study sample consist of 120 students of both sexes from
three faculties chosen by the simple random method with (67 females& 53 males) to ensure
that the study community accurately represents the characteristics of the study community as
well as and equal opportunities for the appearance of any student from the study community in
the sample. The faculties of pharmacy, science and Sharia were selected from the health,
scientific and human faculties respectively, according to the conditions of the test and the
students’ opinions to participate in the experiment until the final stages. As for the reason for
selecting the number 120 for the size of the sample, the arithmetic average of one division was
taken within the different faculties and there were 40 students. Therefore, for three selected
colleges, 120 students were taken, the final number of the study sample. And how to invite
these students to participate in the study has been the number of volunteers from colleges, the
three who participated in the desire and fill their will and of both genders, male and female,
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with the news of the nature of the study and its purpose and mechanism of procedure and
applied conditions, the study sample agreed to participate in it.

2.4. Study instrument:

The current study used the final test of the Islamic culture course, which is a compulsory
university requirement for all students. To compare the scores from both the CBT and PPT
versions, PPT of the Islamic culture course was transferred to the computerized — based version
that students will use when they sit for the final test. Another instrument to collect the research
data concerning the third research question was a simple question mentioned at the bottom of
test takers’ exam paper and screen, i.e. would you prefer taking the test on: paper — no
difference — computer.

2.5. Procedure:

The method of study begins in the first session of the final test. The students are given
the PPT test form using the multiple-choice test format, which includes each item with five
options: strongly agree, agree, neutral, disagree and strongly disagree. After the test, the
students answered the question: Would you prefer taking the test on: paper-no difference—
computer, this question may explore and illustrates the relationship between the preferred
version of the test and the performance on the test, while the responses of the students examined
were collected and scored. In order to eliminate overwork and stress from the effects of testing
and the impact of experience and training and reduce it, the test was done on the computerized
— based version after six weeks of testing PPT where the examiners explained oral and written
instructions for students to test the computer version. The vast majority of Examine students
have demonstrated understanding and prior knowledge with such instructions and how to
respond to this type of testing. Each student was given 40 minutes to answer 60 items, with
attention to not counting the time of oral and written instruction. The mechanism was to show
only one item on the student's test screen. As with the PPT, the examiners have the option to
return to any item for review and change the response in the computerized — based version test,
the question of the third question was answered exactly as in the first phase of the test at the
end of this test.

3. FINDINGS

After the testing and data collection and correction, statistical analysis was carried out
using the statistical package for social sciences SPSS V: 22 was the first to verify the validity
of the test submitted to the students through the experts validity. The test was presented to a
group of specialists in the course content and measurement & evaluation specialists to make
their observations on the test items, some of which were deleted or modified while the rest of
the test items were kept by the Experts as they are, for the final test to remain in the 60 items.
As for the reliability of the test, and because of the importance of the internal consistency of
the study data collection instrument, the persistence of a Cronbach’s a reliability method was
calculated from the test results applied to the Examine students and the test versions, the results
of the analysis were shown relatively high reliability coefficients (PPT, a=0.91 and CBT, a=88)
(Table 1).

Table 1. Internal consistency reliability (Cronbach’s coefficients of PPT & CBT)
Testing Mode N of Questions Cronbach’s Alpha

PPT 50 0.91

CBT 50 0.88
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The sample of the study was divided into 67 females and 53 males. In order to arrive at
the answers to the current study questions, the analysis of the ANOVA was used by comparing
means of sets of scores to reveal whether there were any differences between the grades of
CBT and PPT. Perhaps the most important thing in the current study in the comparison is to
find differences in means and standard deviations. With a relatively higher mean score for PPT
than for CBT by 0.57 points (Table 2), also (Table 2) shows that the mean scores and standard
deviations on the PPT version were (M=53.43, SD= 3.86), while they were relatively lower on
the CBT version with (M =50.12, SD = 3.06). We also note that the standard deviation of the
PPT version is higher than that of the CBT version, which means the dispersion of scores from
mean score in PPT was higher than in CBT, leading us to conclude that the Standard Error of
Measurement (SEM) in the PPT version Above it in the CBT version, This means statistically
that a more consistent version in its scores with less dispersion and standard deviation than a
PPT version.

Statistical analyzes in (Table 4) showed that there are no significant differences in the
scores between the two versions CBT& PPT at the level of statistical significance 0.01. Which
supports the null hypothesis that there are no significant differences in the results of the Islamic
culture course tests for the two versions CBT& PPT on the students of the University of Jordan.

Table 2. Descriptive Statistics

99% C.I Interval for Mean

N Mean S.D SE
Lower Bound  Upper Bound
PPT 120 53.43 21.36 3.86 49.65 57.51
CBT 120 50.12 16.74 3.06 48.24 52.00
Total 240 51.78 19.05 3.21 50.76 52.80

The results of ANOVA analysis of the test sessions conducted on the subjects indicated
that the significant value was 0.904 at P > 0.01. As this value reveals and illustrates disclosed
no statistical significant differences between the scores of test groups resulting from the forms
of the test in addition to that the scores of the respondents, also did not differ for the two
versions at P < 0.05. Thus, the statistical analysis presented in (Table 2) shows that there are
no statistically differences between the PPT version scores of the test (n= 120, M=53.43, SD=
3.86) and the scores of CBT version of the test (n = 120, M = 50.12, SD = 3.06), (Sig = 0.904,
p>0.01).

Table 3. ANOVA Results (Comparison of test scores received from PPT & CBT versions)

Sum of Square D.F Mean Square F Sig
Between Groups  5.824 1 5.824 0.013 0.904
Within Groups 16252.667 118 173.734
Total 16266.154 119

As for the question of the second study to show whether the scores of the CBT version
for the female examiners differ from the results of the degrees of male examiners for the same
version, in (Table 4) we note that the distribution of male and female test scores using the CBT
version showed that the mean scores of male examiners have reached (M=52.43, SD= 28.36)
which is relatively lower than the observed values of females who have reached ( M=53.62,
SD=9.74), so the highest mean score was found in Female CBT, with a relatively higher mean
score by More than one (1) point slightly. Conversely, the standard deviation of females was
lower than that of males from the groups that provided the test CBT, which meant that the test
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scores of females were higher than that of males on the CBT version; this raises the values of
SEM of female test scores in CBT.

Table 4. Descriptive Statistics (distribution of male and female CBT scores)
99% C.I Interval for Mean

N Mean S.D. S.E.
Lower Bound  Upper Bound
Male CBT 53 52.43 28.36 3.14 42.36 62.50
Female CBT 67 53.62 9.74 2.56 40.55 59.69
Total 120 51.28 26.94 2.23 39.86 62.70

As for the results of the analysis in (Table 5) of the scores of male and female examiners
using the CBT version, it shows that the observed significant value was 0.884. This amount of
the significant value at 119 (N-1) of degrees of freedom shows no significant differences
between the two groups of scores at level 0.01. (Sig= 0.884, p>0.01), thus, one way ANOVA
analysis showed that the differences between the male participants’ scores in CBT version (n
=53, M =52.43, SD = 28.36) and female participant scores in CBT version of the test (n = 67,
M =53.62, SD = 9.74) were not statistically significant. (Sig= .884, p>0.01).

Table 5. One-Way ANOVA comparing male and female CBT scores

Sum of Square D.F Mean Square F Sig
Between Groups 6.224 1 6.224 0.033 0.884
Withein Groups 6355.224 118 53.86
Total 6372.194 119

As for the preference of the test version and the performance of the test and to show the
relationship between them, the study examined the Pearson product-moment correlation to
reveal this relationship, the results shown in (Table 6) showed that there is moderate correlation
of 0.36, which indicated the classification of (Evan, 1996), which means that the changes in
pre- CBT preference were Moderately correlated with changes in examine scores on the CBT
version. These results differ in terms of the existence of indicators of moderate correlation
values with (Flowers et al., 2011, Higgins et al., 2005; & Khoshsima et al., 2017) results for
the existence of weak indicators correlation values. This may be due to the difference in the
subject of the test in that it has changed from language content to culture content as well as an
increase in the sample size used by the current study in which the sample size was 30
individuals, of whom six (6) were female only in (H, Khoshsima et al., 2017) study as an
example, but not limited to most of the studies reviewed by the literature of the current study.

Table 6. Pearson product-moment correlation

Pre-CBT testing mode Pearson product-moment correlation - 0.36
Preference Sig (2-tailed) 0.502
N 120

Correlation of pre-CBT testing mode preference and mean of CBT scores.

The study examined the Pearson product-moment correlation to reveal this relationship
between post-CBT testing mode preference and CBT testing performance, the correlation
results of the test group in (Table 7) showed no significant correlation, the correlation
coefficient of Pearson observed from the analysis was weakly with amount of -0.143.
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Table 7. Pearson product-moment correlation

Post-CBT testing mode Pearson product-moment correlation -0.143
Preference Sig (2- tailed) 0.462
N 120

Correlation of post-CBT testing mode preference and mean of CBT scores.

Another step analysis of the results of the study was to examine whether the examiners
have performed better performance of their preferred test versions depending on pre and post-
CBT testing performance and its relationship to testing performance. The findings in (Table 8)
showed that, those of CBT participants who preferred PPT version of the test (PPT
performance, M=51.69) outperformed on CBT (M=66.11) and those who preferred CBT (PPT
performance, M=50.18) performed better on PPT (M=59.41). While PPT participants who
preferred PPT version of the test (PPT performance, M=50.32) in the PPT session
outperformed on CBT (M=53.44) and those who preferred CBT version of the test (PPT
performance, (M=51.63) performed better on PPT (CBT performance, M=47.76), and those
who did not mind taking the test on either version, did better on CBT (M=54.46).

The findings showed that testing performance and testing mode preference of test takers
had no positive interaction values, which means that testing mode preference inability to detect
or influence the characteristics of the psychometric test, especially the validity of the test, the
influence of exposure to the CBT version of the test on participants’ posterior testing mode
preference was examined.

Table 8. Descriptive statistics

Paper 75 50.32 53.44 16.74 28.20
PPTs No difference 12 48.18 54.46 11.77 15.96
Onscreen 33 51.63 47.76 26.89 17.94
Paper 18 51.69 66.11 14.33 38.43
CBTs No difference 14 46.87 52.88 15.45 15.66
Onscreen 88 59.41 50.18 19.35 19.35
The relationship of pre-CBT testing mode preference of different preference groups with their testing

performances
*Note: Pr-CBT p refer to Pre-CBT performance and Po-CBT p refer to Post-CBT performance

To show the difference between testing mode preference before and after exposure to
CBT, the answers of the participants to the testing mode preference question were collected to
show proportion responses, (Table 9) values indicted that On-paper (Pre-CBT) PPT (n=75,
P=625) while (Post-CBT) CBT (n=18, P= 15) however, no difference (Pre-CBT) PPT (n=12,
P=10), while (Post-CBT) CBT (n=14, P=11.66), but for the On-screen (Pre-CBT) PPT (n= 33,
P= 275), while (Post-CBT) CBT (n= 88, P= 73). Findings revealed that although test takers
show high preference for taking CBT, they did better on PPT version of the test. We find that
the number of participants who preferred to take PPT by reviewing these values from the results
and those participants who preferred to take the test in either version changed for the side of
the participants who preferred to take CBT.

Table 9. Descriptive statistics

Preferred testing (Pre-CBT) PPT (Post-CBT) CBT
Mode Frequency Percentage Frequency Percentage
On paper 75 62.5 18 15

No difference 12 10 14 11.66
Onscreen 33 27.5 88 73
Total 120 100 120 100

Differences between pre and post-CBT testing mode preferences
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From (Table 9) we observe that: 62.5%, 27.5% of participants preferred to take PPT and
CBT versions of the test, respectively, before the exposure to the CBT. Besides, 10% of
participants didn’t mind taking the test in either mode. After implementing CBT version of the
test, only 15% still preferred to take PPT and 11.66% of the participants didn’t mind taking the
test in either mode. In this step of the study, the greatest percentage (73) was provided by the
participants who chose CBT version of the test. The findings revealed that, after exposure to
the CBT, the number of participants who preferred to take PPT and those participants who
preferred to take the test in either mode changed in favor of the participants who preferred to
take CBT.

4. CONCLUSION:

The present study was conducted for the purpose of investigating and determining
whether there were any statistically significant differences in the scores of subjects obtained
from the application of the compulsory islamic culture course test on the students of the
University of Jordan and on the CBT and PPT versions. The results of the statistical analysis
of the differences between females and males in performance on the test of the CBT version,
indicated that there were no significant differences between the sexes in relation to there scores
through the Two versions in the current study, it was found that sex differences were not a
factor with a clear and strong performance on the subjects of both sexes effect.

This outcome is inconsistent with the findings of some studies of the no correlation
indicator or a low correlation indicator either on the pre-CBT or post-CBT studies Such as
(Flowers et al., 2011), (Higgins et al., 2005) and (Khoshsima et al., 2017). It is clear from the
results of the present study, although the test takers CBT version may change its preference for
the pre-test version, which may lead to acceptable performance relative to the type of test
version, preferring the type of pre-test version as a moderate variable does not have that strong
or influential effect on the examiners performance of the CBT version. The present study
recommends further research and studies on the same subject taking into account the specialty
of the examine, test anxiety, the number of test items, the test time implementing, and the
cultural background of the examine, further replications of the study with more participants
who are less homogeneous would be desirable thereafter. Conduct further studies to see if the
tests give similar grades when administered in PPT or CBT forms. Furthermore, by examining
item-level performance in addition to the performance of the test level, this study provided an
opportunity to review differences in form at the item level.
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Abstract: The purpose of this study is to develop a valid and reliable ARTICLE HISTORY
measurement tool determining teachers’ self-efficacy regarding rubrics. N

Especially in educational envir%nments, rubrics are measurement tools used Recglved. November 01, 2017
in the assessment phase of student products usually based on higher-order Revised: December 12, 2017
thinking skills. Determination of teachers’ self-efficacy regarding rubrics can Accepted: December 28, 2017
give researchers an idea on how often and how accurately teachers use such

tools. For this reason, the existence of a tool accurately measuring self-

efficacy variable is necessary. This study’s sample consists of 641 elementary, KEYWORDS

middle and high school teachers. To determine teachers’ self-efficacy levels Rubric, Teacher Efficacy
regarding rubrics, 47-item draft was developed. As a result of validity and Scale Development,
reliability analyzes, a 28-item measurement tool with a four-factor structure Psychometric Properties,

was obtained. The total scale’s and sub-factors’ internal consistency is quite Performance Tasks

high. Using this scale, researchers can examine the relationships between

teachers’ self-efficacy and various variables that play an important role in

education. In addition, comparative studies on the intended use of rubrics can

be conducted by determining teachers’ self-efficacy levels regarding rubrics.

1. INTRODUCTION

The changes in social needs also bring about changes in the qualities people are required
to have. In recent years, societies are in need of individuals who can analyze information, think
creatively, impart the information they have learned into their daily lives and do research, and
who have a developed critical perspective. Many countries have been constantly changing their
curriculum to meet this need. The changes made are not only limited to the teaching approaches
but also reflect on measurement and evaluation approaches. The question of how to evaluate
these higher-order skills needed and the insufficiency of the available tools (oral exams, written
exams, tests, etc.) led to complementary measurement and evaluation approaches, which enable
these skills to concretize and thus to be measured, to take center stage. Complementary
measurement and evaluation approaches provide performance-based assessments of the
process in which the product was produced as well the product itself. Rubrics are one of the
most common measurement tools used for this purpose.
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Researchers define rubrics in different ways. However, according to the most commonly
used definition, rubrics are tools that clearly specify the criteria which will be used to evaluate
the observed performance, define the behaviors which the individuals have to exhibit in each
criterion, and rank these performances from best to worst (or vice versa) (Andrea & Du, 2005;
Andrade et al., 2009; Brookhart, 2013; Popham, 1997; Reddy & Andrade, 2010). Rubrics have
three basic characteristics: evaluation criteria, criterion definitions, and scoring strategy
(Popham, 2007). Evaluation criteria indicate according to which criteria a performance will be
evaluated (Wiggins, 1991). Criterion definitions are detailed descriptions reflecting the
performance levels of performance criteria scored from best to worst. Scoring strategies
provide information on whether the scoring will be on the performance process or the product
(Moskal, 2000).

In recent years, attempts to develop characteristics of higher-order thinking skills in
schools and easier evaluation of products and process of these characteristics’ popularized
rubrics. Rubrics contribute significantly to both the teaching and evaluation process by
presenting clear and well-defined criteria for the performance that needs to be exhibited. The
most important characteristic of rubrics is that they clearly present teachers’ learning objectives
to the students. In addition, with the clear criteria presented in rubrics, teachers can provide
students with detailed feedbacks about the products’ weaknesses and strengths (Andrade,
2005). At the same time, detailed feedback mechanism supports the development of students’
peer and self-evaluation skills (Panadero et al., 2016). Clear and well-defined criteria in rubrics
allow the performance evaluation process to be transparent and consistent (Jonsson, 2014).
This has a positive effect on the reliability of performance evaluation. Rubrics with well-
defined performance criteria reduce the risk of different interpretation of the exhibited
performance by evaluators (Reynolds et al., 2009) and the risk of incorrect scoring due to
different interpretations (Venning & Buisman-Pijlman, 2013). In addition to these, rubrics
support the development of psychological structures like self-efficacy and self-regulation
which positively affect learning (Panadero & Jonsson, 2013).

Today, thanks to performance-based evaluations, teachers can easily evaluate whether
students gained higher-order thinking skills or not at the end of their completed complex
performance tasks (making presentation, designing model, writing an original story, etc.). For
this reason, it is assumed that teachers have sufficient knowledge to use rubrics in educational
settings and interpret the results, and they are expected to use these tools appropriately in
schools. However, the studies conducted put forth that teachers have difficulties in how to
prepare, implement and evaluate performance-based approaches and that they want to be
informed on these issues (Metin 2013; Metin & Ozmen, 2010). In this context, it is important
to determine teachers’ self-efficacy beliefs regarding rubrics, which are among the
complementary measurement tools. Therefore, within the scope of this study, it was aimed to
develop a tool measuring teachers’ self-efficacy regarding rubrics.

Bandura(1977, 1994) defined the term ‘self-efficacy’, that he expressed as one of the
most important factors that have an impact on the human behavior, as the self-belief of an
individual in her/his competence or ability of successfully accomplishing a task. Bandura
(1994) indicates that the beliefs on our abilities are influential on self-efficacy. The possession
of a strong or a weak self-efficacy has an impact on the behavior or performance of an
individual (Zimmerman, 2000). A strong self-efficacy belief is a behavior that increases the
motivation of an individual with regards to overcoming a problem when a problem is
confronted and enables an individual to put an effort. On the other hand, a weak self-efficacy
belief prevents an individual to perform a task or finalize it (Jerusalem, 2002). A strong self-
efficacy emotion is effected from the experience an individual had, other individuals’
experiences, the expressions of an individual to perform a task, and from the emotional state
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of an individual in the time that the behavior is displayed (Bandura, 1994). Schwarzer (1993)
state that self-efficacy might be associated with various particular fields such as education,
social, development and health. Moreover, Bandura (1977) remarked that individuals have
different levels of self-efficacy in different fields, in other words, self-efficacy might alter
according to the field and situation. For instance, an individual may have a high self-efficacy
in a particular field, and low-efficacy in another field.

The belief of self-efficacy has been frequently used in the research studies related to
learning and teaching (Ozkan, Tekkaya & Cakiroglu, 2002; Riggs & Enochs, 1990;
Tschannen—Moran & Woolfolk—Hoy, 2001; Elias and Loomis, 2002). The self-efficacy of
teachers, which is one of the most important factors in terms of learning and teaching also plays
an important role. Teacher self-efficacy is the belief that teachers have about their abilities
towards difficult or low-motivated students to participate in class and learn (Bandura, 1977).
In the literature, there are several studies on teacher self-efficacy (Caprara, Barbaranelli, Steca,
& Malone, 2006; Tschannen-Moran, Woolfolk-Hoy & Hoy, 1998; Tschannen—Moran &
Woolfolk—Hoy, 2001; Yilmaz et.al 2004;). In this context, examination of the existed beliefs
of teachers on applying subsidiary assessment and evaluation instruments. This situation might
inform about how often and how correctly teachers use these instruments in in-class
applications.

2. METHOD
This study is a scale development study using the basic survey model.

2.1. Study Group

This study was carried out during the 2016-2017 academic year. The scale development
phase of the study was conducted with 641 elementary, middle and high school teacher who
were knowledgeable about rubrics.

During the first phase of the study, the data obtained from 216 teachers were used in
principal factor analysis and the data obtained from the remaining 425 teachers were used in
confirmatory factor analysis. 327 (51%) of the participants were female and 314 (49%) were
male. When the school levels were taken into consideration, the number of participant
elementary school teachers (73.5%) were higher than the number of participant middle and
high school teachers (26.5%). In order to increase the study impact, data from 16 different cities
from Turkey’s seven regions were collected. Convenience sampling method was used to reach
the sample.

2.2. Data Collection

The validity and reliability works of the Rubric Self-Efficacy Scale was obtained at the
end of the pilot study conducted on the selected sample.

2.2.1 Rubric self-efficacy scale

The self-efficacy scale regarding rubrics was developed similar to the scaling approach
based on grading totals developed by Likert (1932). During the scale development, first,
literature on self-efficacy was reviewed. As a result of the review, literatures on rubrics and
self-efficacy were reached. When the literature was examined, it was seen that there was not a
measurement tool determining “teachers’ rubric self-efficacy” in Turkish or in another
language. Therefore, no direct resource was used while developing the items. In addition the
literature review, ten elementary and high school teachers were asked to explain their views on
the preparation, implementation and evaluation of rubrics in the classroom and their positive
or negative experiences with rubrics. Based on the qualitative data obtained, 47 items on
teachers’ preparation, implementation and evaluation of rubrics were developed.
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During the scale’s pilot study development phase, the items were examined by two
measurement and evaluation experts and two Turkish language experts. According to the views
taken from them, researchers removed 12 items from pilot study of scale form due to the fact
that they did not reflect what they intended for and that they had ambiguities. The other items
were organized according to the expert opinions. In pilot application, there were 20 positive
statements putting forth teachers’ high self-efficacy level regarding rubrics and 15 negative
statements emphasizing teachers’ low self-efficacy level. Teachers express how much they
agree or disagree with the statements by choosing responses of Strongly Agree (5), Agree (4),
Neither Agree or Disagree (3), Disagree (2) and Strongly Disagree (1).

2.3 Data Analysis

In the scale development phase, first, principal component analysis technique was used
to put forth the state of the data structure and to reduce factor, and later confirmatory factor
analysis was used to test the structure. Additionally to prove validity, item-total test correlation
and a correlation coefficient from the upper and lower 27% of the total group was tested. Also
for reliability testing Cronbach Alfa level of each factors was found.

Before principal component factor analysis, the suitability of the data structure for
analysis was examined. Multivariate and univariate extreme values were identified, and 12
people were left out of the analysis because of the unexpected data structure. KMO (Kaiser-
Meyer-OlKkin) value determines how suited the data structure is for factor analysis based on the
sampling adequacy, and Bartlett’s Test of Sphericity informs about the state of multivariate
normal distribution of the data. Table 1 presents the statistics regarding the KMO and Bartlett’s
Test of Sphericity.

Table 1. KMO and Bartlett’s Test of Sphericity

KMO .79
Ki-square 2351.76
Barlet Test df 59
p .00

When Table 1 is examined, the KMO value was found to be 0.79. According to this value,
the sample size is at an adequate level to continue factor analysis. Whether the data set met the
multivariate assumption or not was checked with Bartlett’s Test of Sphericity. The value
obtained show that data set met the assumption of multivariate normality (y2= 2351.76;
p<0.01). In addition to these assumptions, multicollinearity problem between the variables was
examined with Pearson Product-Moment Correlation, and it was found that there was no
multicolllinearity. During the principal component analysis, factors with Eingen values greater
than 1 were taken into consideration, and items with a factor load of at least 0.32 (Tabachnick
& Fidel, 2001) were accepted and selected for the real scale. Cronbach’s Alpha value, which
determines the internal consistency, that is, how closely correlated the items are with each other
and the test, was examined for the internal consistency according to the total scale and sub-
dimensions. For item discrimination index, the groups of the upper and lower 27% were
compared, and item total test correlations were examined for validity testing.

After verify the scale’s structure, confirmatory factor analysis method was used. This
phase includes the testing process of the measurement model. By this means, whether the
factorized structure is verified as a model or not with the principal component analysis was
examined. Before starting the confirmatory factor analysis, the data structure of 425 people
different than the principal component analysis was examined, and extreme and missing values
were checked. Eight people were excluded from the analysis because of their unexpected data
structure in terms of univariate and multivariate extreme values. When the missing data was
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examined, it was determined that the missing data structure was 1.25%, and the researchers
decided to assign missing data based on the mean. Since the data did not meet the assumption
of normal distribution during the confirmatory factor analysis, the data were normalized, and
the analysis continued. The confirmatory component analysis allowed that each observed
variable showed relationship with only the latent variable under it.

3. FINDINGS

This section of the study includes findings regarding the principal component analysis,
item-total test correlation, upper and lower %27 total group analysis, reliability analysis and
confirmatory factor analysis of rubric development.

3.1. Principal component analysis of Rubric Self-Efficacy Scale

According to the principal component analysis method done to determine the scale’s
factor structures, nine factors with Eigen values higher than 1.00 were obtained. These nine
factors reflect 65.17% of the total variance. Findings based on Eigen values and the variances
they explain are given in Table 2.

Table 2. Eigen values and the explained variances

Factor Eigen Variance % . Total
value Variance %
1 6.78 19.37 19.37
2 6.03 17.23 36.60
3 2.22 6.35 42.95
4 1.95 5.56 48.51
5 1.35 3.86 52.38
6 1.22 3.49 55.87
7 1.17 3.34 59.22
8 1.06 3.04 62.26
9 1.02 2.91 65.168

The first four factors explain the 48.51% of the total variance. After these four factors,
the contribution of other factors on the percentage of the total variance decreases. It is seen that
the four-factor structure adequately explain the studied variable. This is presented in the scree
plot (Figure 1) showing eigenvalue components.

Scree Plot
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Figure 1. Scree plot
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At the scree plot the slope with high acceleration where rapid decreases occur points out
to a considerable amount of factor numbers. When Figure 1 is examined, it is seen that after
four factors there is a routinized variation. After evaluating Table 2, Figure 1 and dimensions
taken into consideration during item writing together, it was decided that the number of factors
should be four. However, when the factor load values were examined before rotation, it was
determined that factor load values of all items were greater than 0.32, and the smallest value
was 0.486 and the greatest value was 0.76.

The step taken into account in the factorization process is the determination of the
rotation method used. Varimax has been preferred as a rotation method since it was not
expected that there would be a high degree of correlation among the factors that emerge in the
principal component analysis. According to findings obtained from the rotation, 11 items under
factor 1, nine items under factor 2, ten items under factor 3 and five items under factor 4 were
determined. When the distribution of the items according to the factor load values is examined,
the lowest load value is 0.43 and the highest load value is 0.79. When the items’ cross loading
is examined, it is seen that five items are collected under more than one factor and have a high
loading value in each factor. The difference between factor load values is less than 0.10.
Starting from the first item with the closest load value, the items were removed from the scale.

Table 3. Items’ factor load values obtained as a result of factor analysis

Item Factor 1 Factor 2 Factor 3 Factor 4
Loadings Loadings Loadings Loadings

M19 0.75 0.19 -0.11

M8 0.72 0.20

M9 0.67 0.27

M20 0.65 0.22

M13 0.62 0.19 0.11

M7 0.60 -0.12

M10 0.59 0.22

M27 0.59 0.28 -0.13

M2 0.42 0.21 0.14 0.21

M39 0.78

M41 0.19 0.77

M33 0.14 0.70 -0.11 -0.22

M40 0.25 0.68 0.16

M44 0.11 0.65

M43 0.39 0.60 0.13

M29 0.34 0.56 -0.11

M32 0.18 0.41 -0.28

M12 0.16 0.77

M15 -0.15 0.70

M11 0.22 0.69 0.11

M6 0.66 0.18

M26 0.64 0.25

M18 -0.21 0.57 0.22

M24 0.14 0.55 0.26

M37 0.47 0.32

M31 0.14 0.82

M30 0.10 0.12 0.81

M28 0.20 0.79

M42 0.17 0.68

M35 0.22 0.66
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The analyses were repeated in this order. Yet, since the cross loadings remained, these
five items were not included in the scale. 30 items collected under four factors explain 49.05%
of the total variance. The factor load values of the items that were collected under four factors
as a result of factor analysis and were decided to be kept in the scale are shown in Table 3
below.

3.2 Item discrimination and examination of the test’s reliability

In order to determine items’ discrimination levels, item-total test correlation coefficients
and item discrimination values for groups of the upper and lower 27% were examined. The
findings are given in Table 4.

Table 4. Item analysis results

Item-total test Upper and lower 27%
Item correlation N=204 Nupper=Nlower=56
M2 0.478 -7.21%**
M6 0.31 -3.68***
M7 0.32 -4.89***
M8 0.49 -7.99%**
M9 0.45 -8.20%**
M10 0.47 -7.19%**
M11 0.32 -5.03***
M12 0.39 -5.92%**
M13 0.32 -4.92%**
M15 0.10 -1.55
M18 0.19 -2.42*
M19 0.43 -6.19%***
M20 0.34 -5.43***
M24 0.32 -5.60***
M26 0.34 -5.20%**
M27 0.41 -6.59***
M28 0.56 -6.27***
M29 0.57 -7.18***
M30 0.53 -5.72%**
M31 0.55 -6.36***
M32 0.38 -3.78***
M33 0.52 -5.79%**
M35 0.33 -3.09***
M37 0.40 -4 57x**
M39 0.57 -7.31%**
M40 0.64 -8.91***
M41 0.61 -8.13***
M42 0.47 -4.20%**
M43 0.63 -8.46***
M44 0.47 -5.36***

***0<0.001 *p<0.05

When item-total test correlations explaining the relationship between the scores from the
items and the total score of the scale are examined in determining the item discrimination
levels, it is seen that the correlation of item 15 and item 18 with the total has the lowest
correlation scores, 0.102 and 0.197 respectively. Item-total test correlation values of the other
items range between 0.65 and 0.31. On the other hand, when the difference between item
scores’ means among groups of the upper and lower 27% were examined, it was found that
item 15 was not discriminative and for item 18 the mean difference between the lower and
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upper groups is at a significant level of 0.05, but it was close to each other. Based on the two
different discrimination findings, item 15 and 18 were excluded from the scale. When the
reliability of the rest 28-item test is examined, the Cronbach’s alpha value was determined as
0.85. This indicates that the test measures with high reliability. Reliability factor has also been
tested for each factor. While the Cronbach’s alpha value of the first factor was 0.80, the
Cronbach’s alpha value of the second factor was 0.89. The Cronbach’s alpha value of the third
factor was 0.70 whereas the Cronbach’s alpha value of the fourth factor was 0.83. These results
showed that sub-dimensions had high reliability (internal consistency).

As a result of the principal components analysis, 28-item scale is grouped under four
factors. There are nine items under first factor, eight under the second, six under the third and
five under the fourth factor. Factors were named as followed: Factorl Efficacy of monitoring
student development, Factor2 Efficacy of monitoring teaching, Factor3 Efficacy to overcome
learning environment difficulties, Factor3 Efficacy of rubric preparation

3.3. Confirmatory factor analysis of the rubric self-efficacy scale

In the third phase of the study, structural validity of the items that were reduced to four
factors through principal component analysis was tested with the confirmatory factor analysis.
Table 5 was developed based on the results of the measurement model.

In Table 5, standardized loadings provide information about the correlation between the
each observed variable and the latent variable that it is related to. While M8 (0.72) shows the
highest correlation with Factor 1, M7 (0.47) shows the lowest correlation. Variability in Factor
1 is explained the most by the M8 (R?=0.52) variable. M41 shows the highest correlation with
Factor 2 whereas M32 shows the lowest correlation with Factor 2. For this reason, the variable
with the highest R? coefficient is the M41(0.48) variable. When Factor 3 is examined, it is
determined that M11 (0.65) shows the highest correlation with Factor 3 whereas M37 (0.38)
shows the lowest. Most of the variability (R?70.42) in Factor 3 is explained by M11.When
Factor 4 is examined, it is seen that M30 has the highest (0.79) correlation coefficient and M11
has the lowest (0.52). In this factor, most of the variance is explained by the M30 (R?=0.62)
variable. When the error variances of the observed variables in the measurement model are
examined, it found that error variances changed between 0.37 and 0,87. However, observed t
values are calculated as significant for all variables (p<0.00). According to the findings
obtained from the first examination of the measurement model, nothing disturbs the model’s
fit.

As a second examination, goodness of fit indices obtained from the measurement model
were checked. Table 6 provides information on goodness of fit indices. When the significance
of value X?that reveals the difference between the observed and expected matrices is examined,
it was found that this value was significant (p<0.00). This can be due to the size sample size in
the study. For this reason, the examination of goodness of fit indices continued. In terms of
model goodness of fit indices, the indices other than GFI and AGFI have a good fit value
whereas GFI (0.88) value and AGFI (0.86) value show a weak fit.
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Standardized

Factor/Item . t-value R?
Loadings

Factorl

M2 0.52 10.61 0.27

M7 0.47 9.54 0.22

M8 0.72 16.04 0.52

M9 0.65 14.04 0.42

M10 0.57 11.97 0.32

M13 0.53 10.93 0.28

M19 0.70 15.47 0.49

M20 0.69 15.24 0.48

M27 0.58 12.25 0.34

Factor2

M29 0.58 12.15 0.34

M32 0.36 7.07 0.13

M33 0.56 11.45 0.31

M39 0.70 15.38 0.49

M40 0.67 14.34 0.45

M41 0.69 14.89 0.48

M43 0.63 13.46 0.40

M44 0.61 13.93 0.37

Factor3

M6 0.58 12.86 0.34

M11 0.65 12.98 0.42

M12 0.58 11.51 0.34

M24 0.47 8.92 0.22

M26 0.57 11.25 0.32

M37 0.38 7.08 0.14

Factor4

M28 0.71 15.47 0.50

M30 0.79 17.89 0.62

M31 0.75 16.73 0.56

M35 0.55 11.34 0.30

M42 0.52 10.49 0.27
Table 6. Goodness of fit indices for measurement model
Fit indicates Criteria Value Goodness
X?/sd <3 811.04 /344 = Good
RMSEA 0.05 <RMSEA<0.08 0.057 Good
SRMR 0.05 <SRMR<0.10 0.060 Good
NFI <0.90 0.91 Good
NNFI <0.90 0.94 Good
CFI <0.90 0.94 Good
GFlI <0.90 0.88 Weak
AGFI <0.90 0.86 Weak
CN >200.00 216.29 Convenient sample
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In addition to the goodness of fit, modifications suggested by the analysis outputs were
checked. In modifications, it is suggested that M19 in Factor 1 is mapped to Factor 3 and factor
4, and M37 to Factor 2 and Factor 4. In the order of adjustments, M37 that lowered the X?
value the most and then the exclusion of the item M19 from the model were examined.
According to the findings, while there was a slight improvement only in the X?/sd value, there
was no improvement in the other goodness of fit indices AGFI and GFI value did not reach the
desired fit level. For this reason, researchers decided that both of the items would remain in the
model. No modifications were made during the confirmatory factor analysis.

4. DISCUSSION AND CONCLUSION

Many countries have been basing their educational programs on the constructivist
approach, and they consider the use of process-based complementary measurement and
evaluation tools like portfolios, projects, performance tasks and concept maps in addition to
the use of traditional product-based measurement and evaluation tools like paper-and-pencil
tests including open-ended, short and multiple choice questions as significant. In order for these
complementary measurement and evaluation tools to be used effectively and efficiently,
teachers must have knowledge and full competence in this area. For the determination of
knowledge and self-efficacies, measurement tools that measure these qualities are also needed.
By this means, more objective results can be reached. Within the scope of this study, a scale
determining teachers’ self-efficacy beliefs regarding rubrics was developed.

First, content validity of the scale developed by taking into the validity and reliability
analysis was reached by taking the opinions of experts. Content validity is one of the leading
validity analyses giving information on whether a scale measures based on an intended
characteristic or not (Cronbach, 1990). Principal component analysis was done to determine
the structure of the scale, and it was determined that the self-efficacy structure was grouped
under four factors and these factors clearly explain nearly 50% of the variable. In multivariate
designs, explained variance ratio is expected to be 40.00% and 60% (Scherer, Wiebe, Luther
& Adam, 1998 cited in Tavsancil, 2005). The obtained findings support the aforementioned
resources. Moreover, when the slopes of the scree plot were examined, the four-factor structure
can clearly be seen. Giving information about the internal consistency coefficient of the scale,
Cronbach’s alpha values show high reliability for both the scale itself and its sub-dimensions.
This indicates that the items on the scale have a high correlation with each other. Cronbach
(1970) stated that the scale would have high internal consistency if the alpha level on the scale
is greater than 0.70.

According to the discrimination of the groups of the upper and lower 27% done to
determine the item discrimination index levels, it was found that only two items did not
differentiate between the positive and negative attitudes. This was determined by low
correlation coefficient number, and they were not included in the scale. It is recommended that
if the value of discrimination is lower than 0.19, the items should be revised, and if they cannot
be adjusted, they should not be included in the scale (Kelley, 1939). The validity of the items
was also examined by item-total test correlation. A low correlation suggests that the item
should be removed from the scale (Cureton, 1966; Guilford, 1953). According to this finding,
the same two items had the low correlation and they were removed from the scale.

Finally, the scale’s structure validity was examined with confirmatory factor analysis,
and it was determined that the structure put forth in the principal components analysis was
reached again. When the analysis results were examined, it was seen that the chi square value
was significant. Since the chi square value is affected by the sample (Byrne, 2003), goodness
of fit indices was checked. The indices other than GFI and AGFI have a good fit value whereas
GFI value and AGFI value show a weak fit. When the literature is examined, an AGFI value
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greater than 0,85 can be considered as a good fit (Raykov & Marcoulides, 2006; Schermelleh-
Engel Moosbrugger & Miiller, 2003; Vieira, 2011).

The developed scale can be used for the purposes of related researches and institutions.
Particularly, researchers working on complementary measurement and evaluation methods can
examine the relationships between teachers’ self-efficacy regarding rubrics and student
performance according to different variables.
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Table Appendix 1. Rubric Self-Efficacy Scale

g 5 3
§ 3 Ea o ?{
Rubric Self-Efficacy Scale 212 <5 5|2
=) g Ss9 | g
S1°129 |8
5 |2 |°
1 |l believe, | have sufficient information on how to use rubrics in the
classroom.
2 |l may have difficulties while preparing rubrics despite my experience in
teaching.
3 || believe use rubrics even if students have negative attitudes towards them.
4 |1 can easily evaluate student performances with rubrics.
5 |1 believe | have sufficient information on how to prepare rubrics.
6 |l can do applications using rubrics even if the students have not used them
before.
7 |1 may have difficulties while preparing rubrics even if | have theoretical
knowledge.
8 |l may have difficulties while doing rubric applications because it takes a lot
of time.
9 | If I encounter a problem while preparing a rubric, | can overcome it.
10 |I can increase student achievement by preparing effective rubrics.
11 |1 can use rubrics effectively in group work.
12 |1 may have difficulty in explaining the purpose of using rubrics to the
students.
13 |1 may have difficulty in adapting a rubric | have found from other sources
to the subject.
14 |1 can increase student interest towards the subject by rubric applications.
15 |1 may have difficulty in scoring according to different rubric types.
16 | With rubrics, I can easily determine students’ shortcomings during the
learning process.
17 |1 may have difficulty in determining the rubric type appropriate to the
subject matter.
18 | While preparing the rubric, I may have difficulty in determining the learning
objectives.
19 |Even if | have challenges in classroom management, | can do rubric
applications.
20 |l can fairly evaluate the written exams with a rubric.
21 |While preparing the rubric, I may have difficulty in deciding on the
behaviors to be measured.
22 |1 may have difficulty in doing rubric applications in crowded classrooms.
23 |1 believe | can improve myself in preparing rubrics by using different
sources.
24 |1 believe the students can easily understand the rubrics | prepare.
25 | With rubric applications, I believe I can lessen students’ anxieties about
learning the subject.
26 |Even if | try, while preparing rubrics, I may have difficulty in coming up
with detailed definitions measuring student behaviors.
27 |1 can prepare rubrics that would make students come up with quality works.
28 |If I try, | can get students gain the ability to use rubrics.
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Oz: Bu arastirmamin amaci, dgretmenlerin Dereceli Puanlama Anahtarlari MAKALE SURECI
(DPA) na yqnehk 0z y@terhklerml belirleyen geﬂqerh. ve guygmhr 6lgme araci Génderim: 01 Kasim 2017
gelistirmektir. Dereceli puanlama anahtarlar1 6zellikle egitim ortamlarinda
ogrencilerin iist diizey zihinsel becerilerine dayali ortaya koyduklari tiriinlerin Diizeltme: 12 Aralik 2017
degerlendirilmesi asamasinda kullanilan 6lgme araglaridir. Ogretmenlerin Kabul: 28 Aralik 2017
DPA’ya yonelik 6z yeterliklerinin belirlenmesi, onlarin bu tiir araglari ne

siklikla ve dogru olarak kullandiklar1 konusunda arastirmacilara bir fikir

verebilir. Bu nedenle 6z yeterlik degiskenini dogru olarak dlgen bir aracin ANAHTAR KELIMELER

varlig1 ggrgkli@ir. :Ferpel arastirma moiielipe dayali olan bu arast}rmanm Rubrik, Ogretmen
orneklemini, ilkdgretimde ve ortadgretimde cahisan 641 Ggretmen B L
olusturmaktadir. Ogretmenlerin dereceli puanlama anahtarina yonelik 6z Ozyeterligi, Olgek

yeterlilik diizeylerini ortaya koymak i¢in 47 maddeden olusan taslak form
hazirlanmistir. Olgegin gegerligini belirlemek igin kapsam gegerligi, temel .
bilesenler analizi, madde toplam korelasyonu, alt-list %27’lik gruplar i¢in Ozellikler, Performans
madde analizi ve dogrulayici faktor analizi yapilmistir. Olgegin giivenirligi
ise i¢ tutarlilik olarak incelenmis ve Cronbach alfa degeri ile test edilmistir.
Analizler sonucunda 28 maddeden olusan ve dort faktorlii bir yapiya sahip
olcek elde edilmistir. Olgegin tamamimin ve alt faktdrlerinin i¢ tutarlihik
katsayis1 oldukca yiiksektir. Bu olgege dayali olarak arastirmacilar
ogretmenlerin 6z yeterligi ile egitimde 6nemli rol oynayan farkli degiskenler
arasindaki iligkiler incelenebilirler. Ayrica 6gretmenlerin DPA’ya yonelik 6z
yeterlilik diizeyleri belirlenerek DPA’larin kullanim amaglarina dayali
kargilagtirmali ¢aligmalar yapilabilir.

Gelistirme,Psikometrik

Gorevleri

1. GIRIS

Toplumsal ihtiyaglardaki degismeler ihtiya¢ duyulan insan niteliklerinin de degismesini
beraberinde getirmektedir. Son yillarda toplumlar bilgiyi analiz edebilen, yaratic1 diisiinebilen,
ogrendigi bilgileri giinliik hayata aktarabilen, elestirel bakis agis1 gelismis, aragtirma yapabilen
bireylere daha ¢ok ihtiya¢ duymaktadirlar. Birgok iilke bu ihtiyaci karsilamak i¢in 6gretim
programlarimi siirekli degistirmektedir. Yapilan degisiklikler sadece dgretim yaklasimlari ile
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sinirli kalmayip, 6lgme degerlendirme yaklagimlarina da yansimaktadir. ihtiya¢ duyulan bu iist
diizey becerilerin nasil degerlendirilecegi ile mevcut araglarin (sozlii sinavlar, yazili sinavlar,
testler vb.) yetersiz kalmasi, bu becerilerin somut bi¢cimde ifade edilmesini ve dolayisiyla
Olclilmesini saglayacak tamamlayic1 6lgme ve degerlendirme yaklagimlarinin 6n plana
cikmasint saglamistir. Tamamlayict 6lgme degerlendirme yaklagimlari, iirlinlin yani sira
{iriiniin ortaya ¢ikma siireci hakkindaki dgretmenlere bilgi sunmaktadir. Ornegin 6grencinin
kaynaklara nasil ulagtigi, hangi kaynaklardan yararlandigi, bu kaynaklar1 nasil kullandig:
hakkinda ayrintili bilgilere ulasilabilir. Dereceli puanlama anahtar1 (DPA) bu amagla kullanilan
en yaygin 6lgme aracglarindan biridir.

Arastirmacilar tarafindan DPA’lar ¢ok farkli sekillerde tanimlanmakla birlikte en yaygin
kullanilan tanim, gozlenen performansin hangi Olgiitlere gore degerlendirecegini agikca
belirten, bireyin her bir dl¢iitte gosterecegi davranislar tanimlayan ve bu performanslari belirli
degere gore siralayan araglardir (Andrea ve Du, 2005; Andrade ve digerleri, 2009; Brookhart,
2013; Popham, 1997; Reddy ve Andrade, 2010).

DPA’lar degerlendirme ol¢iitleri, 6l¢iit tanimlar1 ve puanlama stratejisi olmak iizere li¢
temel o6geye sahiptir (Popham, 2007). Degerlendirme olgiitleri, sergilenmesi gereken
performansin hangi dlgiitlere gére degerlendirilecegini gdstermektedir (Wiggins, 1991). Olgiit
tanimlar1, performansta ele alinan her bir Olgiite dayali performans diizeyleri de dikkate
almarak yazilmig detayli tanimlardir. Puanlama stratejileri, puanlamanin siirece mi yoksa
sonuca m1 doniik yapilacagini hakkinda bilgi vermektedir (Moskal, 2000).

Son yillarda 6zellikle egitim ortamlarinda iist diizey zihinsel 6zelliklerin gelistirilmek
istenmesi ve bu Ozelliklerinin {irtinlerinin ve silirecinin DPA’lar sayesinde daha kolay
degerlendirilebilmesi, bu 6lgme araglarin1 popiiler hale getirmistir. DPA’lar &grenciden
beklene performansla ilgili agik ve iyi tanimlanmig Slgiitler sunarak hem 6gretme hem de
degerlendirme siirecine Onemli katkilar saglamaktadir. DPA’larin en oOnemli 0Ozelligi
ogretmenlerin 6grenme ile ilgili hedeflerini 6grencilere agik bir sekilde sunmasidir. Bunun yani
sira DPA’larda sunulan agik dlgiitler ile 6gretmenler, 6grencilere ¢alismalarinin zayif ve giiglii
noktalar1 hakkinda detayli geri bildirimler verebilmektedir (Andrade, 2005). Aynm1 zamanda
detayli geribildirim mekanizmas1 Ogrencilerin akran ve 6z degerlendirme becerilerinin
gelismesini desteklemektedir (Panadero ve digerleri, 2016). DPA’larda Olgiitlerin agik ve 1yi
tanimlanmis olmasi performans degerlendirme siirecinin seffaf ve tutarli olmasina olanak
saglamaktadir (Jonsson, 2014). Bu durum performans degerlendirmenin giivenirligi iizerinde
pozitif etkiye sahiptir. Iyi tanimmus performans olgiitlerine sahip DPA’lar sergilenen
performansin degerlendiriciler tarafindan farkli yorumlanma (Reynolds ve digerleri, 2009) ve
yorumlanma farkliligindan kaynaklanan hatali puanlama riskini diisirmektedir (Venning ve
Buisman-Pijlman, 2013). Tiim bunlarin yani1 sira DPA’lar 6grenmeyi olumlu etkileyen 6z
yeterlilik ve 6z diizenleme gibi psikolojik yapilarin gelismesini de desteklemektedir (Panadero
ve Jonsson, 2013).

Glinlimiizde performansa dayali degerlendirmeler sayesinde dgretmenler, 6grencilerin
karmasik performans gorevleri (sunum yapma, model tasarlama, 6zgiin bir hikaye yazma vb.)
yerine getirerek iist diizey zihinsel becerileri kazanip kazanmadigini rahatlikla 6lgebilir. Bu
nedenle egitim ortamlarinda Ogretmenlerin DPA’lar1 kullanma ve sonuglari yorumlama
konusunda yeterli bilgiye sahip olduklar1 varsayilmakta ve bu araglar1 okullarda uygun bir
sekilde kullanmalar1 beklenmektedir. Oysaki yapilan ¢alismalar gretmenlerin performansa
dayali yaklagimlarin nasil hazirlanacagi, uygulanacagi ve degerlendirilecegi konusunda
zorlandiklarin1 ve bu konularda bilgilenmek istediklerini ortaya koymaktadir (Metin ve
Ozmen, 2010; Metin 2013). Bu tiir bir dl¢gme aracini kullanirken, bilgi eksiklikleri olan veya
zorlanan 6gretmenlerin, sinif i¢i uygulamalarinda bu aragtan yararlanma sikliklarinin da az
olmas1 beklendik bir durumdur. Bununla birlikte DPA’lar sadece ogretmenin 6grenci
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performansi hakkinda bilgi edinmesini degil, 6grencinin de gorevine dayal siire¢ ve lirlinde
neleri yapip yapamadig1 hakkinda bilgi edinmesini saglar. Ogrenciler eksikliklerini gorerek
ilerideki gorevlerinde bu eksikliklerinin tistesinden gelmeye ¢alisir. Bu baglamda ilk olarak
ogretmenlerin tamamlayic1 6lgme araglar igerisinde yer alan DPA’ya yonelik 6z yeterlik
inanglarmin ortaya ¢ikarilmasi O6nemlidir. Ancak Ogretmenlerin DPA’ya yonelik 06z
yeterliklerini Olgen gegerli ve giivenilir bir ara¢ literatiirde bulunmamaktadir. Bu nedenle
aragtirma kapsaminda Ogretmenlerin DPA’ya yonelik 6z yeterliklerini dlcen bir arag
gelistirmek amacglanmustir.

Bandura (1977, 1994) insan davranislarini etkileyen 6nemli faktorlerden biri olarak ifade
ettigi 6z yeterligi, bireyin bir isi basarili olarak yapip yapmayacagi konusunda kendisine
duydugu inan¢ seklinde tanimlamistir. Bandura (1994), yeteneklerimize iliskin var olan
inanglarin 6zyeterlik tizerinde etkili oldugunu belirtmistir. Bireyin gii¢lii ya da zayif 6z yeterlik
inancina sahip olmasi, bireyin davranist ya da performansi iizerinde etkilidir (Zimmerman,
2000). Giiglii 6z yeterlik inanci, bireyin herhangi bir problemle karsilastiginda o problemle
basa ¢ikacagina dair motivasyonunu artiran ve ¢aba gostermesini saglayan bir davranistir.
Zayi1f dzyeterlik inanci1 ise bireyin bir igi yapmasi ya da sonuglandirmasi i¢in ¢gaba gostermesine
engel olmaktadir (Jerusalem, 2002). Guglii bir 6z yeterlik duygusu bireyin kendi yasadigi
deneyimlerden, baskalarmin yasadigi deneyimlerden, bireyin bir isi yapacagina dair
motivasyon ifadeleri ile bireyin davranisi sergileyecegi andaki duygusal durumundan
etkilenmektedir (Bandura, 1994). Schwarzer (1993) 6z yeterligin egitim, sosyal, gelisim ve
saglik gibi pek ¢ok oOzel alanla iligkili olabilecegini bildirmektedir. Bandura ise (1977),
bireylerin farkli alanlarda farkli 6z yeterlilik diizeylerine sahip olabilecegini, yani 6z yeterligin
alana ve duruma gore degisebildigini dile getirmistir. Ornegin bir birey bir alanda yiiksek 6z
yeterlige, bagka bir alanda ise diisiik 6z yeterlige sahip olabilir.

Oz yeterlik inanci, 6grenme-ogretme ile ilgili arastirmalarda siklikla kullanilmaktadir
(Ozkan, Tekkaya ve Cakiroglu, 2002; Riggs ve Enochs,1990; Tschannen—Moran ve Woolfolk—
Hoy, 2001; Elias ve Loomis, 2002). Ogretme ve dgrenme iizerinde en etkili faktorlerden biri
olan dgretmenlerin, ¢esitli alanlardaki 6z yeterlikleri de olduk¢a &nemlidir. Ogretmen &6z
yeterligi, bir 6gretmenin zor ya da motive olabilecek 6grencilerin bile derse katilimini ve
O0grenmesini saglamaya yonelik yeteneklerine olan inancidir (Bandura, 1977). Literatiirde
ogretmen 0z yeterligi ilgi birgok ¢alisma yapilmistir (Caprara, Barbaranelli, Steca ve Malone,
2006; Tschannen-Moran, Woolfolk-Hoy ve Hoy, 1998; Tschannen—Moran ve Woolfolk—Hoy,
2001; Yilmaz, Koseoglu, Gergek ve Soran 2004). Bu baglamda 6gretmenlerde tamamlayici
Oleme degerlendirme araglarini kullanabilecegine dair var olan inanglarin incelenmesi 6nem
tasimaktadir. Bu durum 6gretmenlerin siif i¢i uygulamalarinda ne siklikla ve ne kadar dogru
olarak bu araglar1 kullandiklar1 yéniinde &n bilgi verebilir. Ogretmenlerin olumsuz 6z yeterlik
inanglarimin belirlenmesi durumunda, DPA’nin kullanilmasini1 6zendirecek ek bilgilendirme
seminerleri diizenlenebilir.

2. YONTEM
Bu arastirma, temel tarama modelinde planlanmis bir 6lgek gelistirme ¢alismasidir.
2.1. Calisma Grubu

Bu ¢alisma, 2016-2017 egitim O6gretim yilinda ger¢eklesmistir. Calismaya dereceli
puanlama anahtar1 hakkinda bilgisi olan 641 ilkogretim ve ortadgretim Ogretmeni ile
gerceklestirilmistir. Ogretmenlerin DPA’lar hakkindaki bilgisi kendi algilarina dayali olarak
yoklanmustir. Aragtirmanin birinci adimi kapsaminda 216 6gretmenden elde edilen veriler
temel bilesenler analizinde geriye kalan 425 6gretmenden elde edilen veriler ise dogrulayici
faktor analizinde kullanilmistir.  Katilimeilarin 327 (%51)’si kadin, 314 (%49)’l ise
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erkeklerden olugmaktadir. Okul diizeylerine gore ilkokul diizeyinde Ornekleme katilan
ogretmen sayis1 (%73,5), ortadgretim diizeyindeki 6gretmenlere (%26,5) gore daha fazladir.
Calismanin yaygin etkisini arttirmak i¢in Tiirkiye’nin yedi bolgesinin 16 farkli illindeki devlet
okullarinda gorev yapan cesitli branslarda Ogretmenlerden veriler toplanmistir. Calisma
grubuna ulasmada uygun 6rnekleme yontemi kullanilmustir.

2.2 Verilerin Toplanmasi

Dereceli puanlama anahtarina iligkin 6z yeterlik Olgeginin gecerlik ve giivenirlik
caligmalar1 belirlenen 6rneklem tizerindeki pilot uygulama sonucunda elde edilmistir. Dereceli
puanlama anahtarina iliskin oz yeterlik olgegi: DPA’ya yonelik 6z yeterlik 6l¢egi, Likert
(1932) tarafindan gelistirilen dereceleme toplamlarmma dayali Olgekleme yaklagiminin
adimlarina benzer olarak gelistirilmistir.

Olgek gelistirilirken dncelikle, 6z yeterlige dayali ilgili alan yazin taramasi yapilmustir.
Tarama sonucunda DPA ve 6z yeterlie dayali ilgili kaynaklara ulagilmustir. Literatiir
incelendiginde “DPA’ya yonelik ogretmenlerin oz yeterliklerini” ortaya koyan Tiirkce veya
yabanci dilde bir 6lgme aracina ulasilmadigindan maddelerin olusturulmasinda destekleyici
dogrudan bir kaynaktan yararlanilmamigtir. Literatiir taramasinin yani sira 6lgek maddelerinin
olusturulmasi amaciyla 10 kisilik ilkogretim ve 2 lise diizeyinde 6gretmene DPA’lar1 sinif
icerisinde uygulama, hazirlama ve kullanmalarina yonelik goriisleri ve bununla birlikte
DPA’ya yonelik varsa olumlu veya olumsuz deneyimlerini agiklamalari istenmistir. Elde
edilen nitel verilerden yararlanarak Ogretmenlerin DPA’lar1 hazirlamasi, kullanimi ve
uygulamasina iliskin 6z yeterliklerini ortaya koyabilecekleri 47 madde olusturulmustur.

Olgegin pilot uygulamaya hazirlanmas: siirecinde maddelerin incelenmesini iki 6lgme ve
degerlendirme ve iki Tirk dili uzmanm gerceklestirmis, alinan goriislere goére 12 madde
Olclilmek istenilen durumu yansitmamasi ve anlatim bozukluklarin olmasi nedeniyle
arastirmacilar tarafindan 6n uygulama formundan ¢ikarilmistir. Diger maddeler uzmanlarin
goriislerine gore diizenlenmistir. On deneme uygulamasma hazir hale getirilen Slcekte
ogretmenin DPA’ya yonelik 6z yeterligini ortaya koyan 20 olumlu ciimle, 6z yeterligindeki
diisiikliigii vurgulayan 15 olumsuz ciimle yer almaktadir. Ogretmenler ifadelerin her birini
katilip katilmama durumuna gore °5° Tamamen Katiliyorum, ‘4’ Katiliyorum, ‘3° Kararsizim,
2> Katilmiyorum ve ‘1’ Hi¢ Katilmiyorum” biciminde derecelendirilmis segeneklerden
secmektedir.

2.3. Verilerin Analizi

Olgek gelistirme asamasinda ilk olarak veri yapisinin durumunu ortaya koymak ve faktor
indirgemek amaciyla temel bilesenler analizi tekniginden yararlanilmig, daha sonra yapiy1 test
etmek icin dogrulayici faktor analizi uygulanmistir.

Temel bilesenler analizinden 6nce veri yapisinin analiz i¢in uygunlugu incelenmistir.
Cok degiskenli ve tek degiskenli u¢ degerler belirlenmis, buna gore 12 kisi beklenmedik veri
yapisina sahip olmasi nedeniyle analiz diginda birakilmistir. Test edilen diger varsayimlar
orneklem biiytikliigiine dayali olarak veri yapisinin faktor analizine uygunlugunu ortaya koyan
KMO (Kaiser-Meyer-Olkin) degeri ve verilen ¢ok degiskenli normal dagilim gosterme
durumunu hakkinda ipucu veren Barlett Testi’dir. Tablo 1’de KMO ve Barlett Kiiresellik
Testine iliskin istatistikler verilmektedir.

Tablo 1. KMO ve Barlett Testi

KMO .79
Ki-kare 2351.76
Barlet Testi sd 595

p .00
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Tablo.1 incelendiginde KMO degerinin 0.79 oldugu goézlenmistir. Bu degere gore
orneklem biiytikligli faktor analizine devam etmek icin i1yi diizeydedir. Veri setinin ¢ok
degiskenli normallik varsayimini karsilayip karsilamadigi ipucu ise Barlett Kiiresellik Testi ile
kontrol edilmistir. Elde edilen deger, veri setinin ¢ok degiskenli normallik varsayimini
karsiladigimi gostermektedir (2= 2351.76; p<0.01). Bu varsayimlarin yani sira degiskenler
arasindaki ¢oklu baglanti problemi de Pearson Momentler Carpimi korelasyonu ile incelenmis
ve ¢oklu baglantinin olmadigi gozlenmistir.

Temel bilesenler analizi sirasinda faktor 6z degeri 1°den biiyilik olan faktorler dikkate
alinmis ve faktor yiikleri en az 0.32 (Tabachnick ve Fidel, 2001) olan maddeler kabul edilerek
asil 6lcek icin se¢ilmistir. Maddelerin birbirleri ve testle olan korelasyonunu veren i¢ tutarlilik
anlamindaki Cronbach Alfa degeri testin tamami ve alt boyutlarima gore gilivenirlik igin
incelenmistir. Maddelerin ayirt ediciligi igin alt-tist %27°lik gruplar karsilastirilmis ve madde
toplam test korelasyonlarina bakilmaistir.

Olgegin yapisim1  dogrulamak icin dogrulayici faktér analizi (DFA) yontemi
uygulanmistir. Bu asama 6l¢gme modelinin test edilmesi siirecini igermektedir. Bu sayede temel
bilesenler analizi ile faktorlestirilmis yapinin bir model olarak dogrulanip dogrulanmadig:
incelenmistir. DFA’ya gecilmeden dnce temel bilesenler analizinden farkli 425 kisilik veri
yapist incelenmis, ug¢ degerler ve kayip degerlere bakilmistir. Tek yonlii ve ¢ok yonlii ug
degerler bakimindan 8 kisi beklenmedik veri yapisina sahip olmasi nedeniyle analiz disinda
tutulmustur. Verilerde kayip veri durumu incelendiginde kayip veri yapisinin %1.25°1 kadar
oldugu belirlenmis ve arastirmacilar tarafindan ortalamaya dayali kayip verinin atanmasi
kararlagtirnlmistir. DFA sirasinda verilerin normal dagilim varsayimini karsilamamasindan
dolay1 veriler normallestirilerek analize devam edilmistir.

DFA sirasinda Temel Bilesenler Analizinin sonuglar1 dikkate alinarak, her bir gézlenen
degiskenin yalnizca kendi altinda yer alan bir gizil degiskenle iligki gdstermesine izin
verilmistir.

3. BULGULAR

Calismanin bu bolimiinde dereceli puanlama anahtar1 gelistirmeye iliskin temel
bilesenler analizi, giivenirlik analizleri ve faktor analizine iligskin bulgulara ver verilmistir.
3.1. DPA 6z yeterlik dlcegi temel bilesenler analizi

Olgegin faktor yapilarini belirlemek amaciyla yapilan temel bilesenler analiz ydntemine
gore 0z degeri 1.00’da yiiksek dokuz faktor elde edilmistir. Bu dokuz faktor toplam
varyansin %65.168’ini yansitmaktadir. Oz deger ve acikladiklar1 varyanslara dayali bulgular
Tablo 2.’de verilmistir.

Tablo 2. Oz degerler ve agikladiklari varyanslar

Faktor Oz deger  Varyans Yiizdesi Va ry-{a-r?s Iéri?zdesi
1 6.78 19.37 19.37
2 6.03 17.23 36.60
3 2.22 6.35 42.95
4 1.95 5.56 48.51
5 1.35 3.86 52.38
6 1.22 3.49 55.87
7 1.17 3.34 59.22
8 1.06 3.04 62.26
9 1.02 2.91 65.17
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Ik dért faktér toplam varyansin %48.51°ini agiklamaktadir. Bu dort faktdrden sonra
diger faktorlerin toplam varyans ylizdesine yaptig1 katki azalmaktadir. Dort faktorlii yapinin
aragtirtlan degisken icin yeterli varyansi agikladigir goriilmektedir. Bu durum 6z deger
bilesenlerini gosteren ¢izgi grafiginde de (Sekil 1) goriilmektedir.

3

Ozdeger

0=

12345678 9101112131415161713 19 2021 22 23 24 25 26 27 28 29 30
Bilesen Sayisi
Sekil 1. Oz deger bilesen ¢izgi grafigi
Cizgi grafigine gore yiiksek ivmeli. hizli diisiislerin yasandig1 egim 6nemli sayida faktor
sayisina isaret etmektedir. Sekil 1 incelendiginde dort faktdrden sonra egim sabitlenmekte tek

diize bir farklilasma gézlenmektedir. Tablo 2, Sekil 1 ve madde yaziminda dikkate alinan
boyutlar bir arada degerlendirilerek faktor sayisinin dort olmasina karar verilmistir.

Bununla birlikte dondiirmeden oOnce faktor yiikk degerleri incelendiginde biitlin
maddelerin faktor yiik degerlerinin 0.32’den biiyiik oldugu en kiigiik degerin 0.486 ve en biiyiik
degerin 0.762 oldugu belirlenmistir.

Faktorlesme siirecinde dikkate alman adim kullanilan dondiirme yoOnteminin
belirlenmesidir. Temel bilesenler analizinde ortaya ¢ikan faktdrler arasinda yiiksek derecede
iligski olmas1 beklenmediginden dondiirme yontemi olarak varimax tercih edilmistir. Dondiirme
sonucunda elde edilen bulgulara gore 1. faktor altinda 11 madde, 2. faktor altinda 9 madde ve
3. faktor altinda 10 madde ve 4. Faktor altinda 5 madde belirlenmistir. Maddelerin faktor yiik
degerlerine gore dagilimi incelendiginde en diisiikk ylik degeri 0.43 en yiiksek yiik degeri
0.79’tir. Bununla birlikte maddelerin binisiklik durumu incelendiginde 5 maddenin birden fazla
faktor altinda toplandig1 ve her faktoérde de yiiksek yiik degerine sahip oldugu gozlenmistir.
Faktor ylik degerleri arasindaki fark 0.10°dan kiicliktiir. En yakin yiik degerine sahip ilk
maddeden baglayarak sirasiyla maddeler o6lcekten ¢ikarilmistir. Analizler bu sirada
tekrarlanmigtir. Ancak maddelerin binigikliklerinin kalkmamasindan dolay1 belirlenen bu bes
madde dlgege dahil edilmemistir.

Dort faktor altinda toplanan 30 madde toplam varyansin %49.05’ini agiklamaktadir.
Faktor analizi sonucunda dort faktor altinda toplanan ve Olgekte kalmasina karar verilen
maddelere ait faktor yiik degerleri asagidaki Tablo 3’te gosterilmektedir.
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Tablo 3. Faktor analizi sonucunda maddelere iliskin elde edilen faktor yiik degerleri

Madde Faktor 1 Faktor 2 Faktor 3 Faktor 4
No Yiik Degeri  Yiik Degeri  Yiik Degeri  Yiik Degeri
M19 0.75 0.19 -0.11
M8 0.72 0.20

M9 0.67 0.27

M20 0.65 0.22

M13 0.62 0.19 0.11
M7 0.60 -0.12

M10 0.59 0.22

M27 0.59 0.28 -0.13

M2 0.42 0.21 0.14 0.21
M39 0.78

M41 0.19 0.77

M33 0.14 0.70 -0.11 -0.22
M40 0.25 0.68 0.16

M44 0.11 0.65

M43 0.39 0.60 0.13

M29 0.34 0.56 -0.11

M32 0.18 0.41 -0.28
M12 0.16 0.77

M15 -0.15 0.70

M11 0.22 0.69 0.11
M6 0.66 0.18
M26 0.64 0.25
M18 -0.21 0.57 0.22
M24 0.14 0.55 0.26
M37 0.47 0.32
M31 0.14 0.82
M30 0.10 0.12 0.81
M28 0.20 0.79
M42 0.17 0.68
M35 0.22 0.66

3.2. Madde ayirt ediciligi ve testin giivenirliginin incelenmesi

Maddelerin ayirt edicilik diizeylerinin belirlenmesi amaciyla madde toplam test
korelasyonu katsayilar1 ve %27’lik alt-iist gruplar i¢in madde ayirt ediciligi degerleri
incelenmistir. Elde edilen bulgular Tablo 4’te verilmistir.

Madde ayirt edicilik diizeylerinin belirlenmesinde maddelerden alinan puanlar ile dlgegin
toplam puani arasindaki iliskiyi acgiklayan madde toplam test korelasyonlar1 (madde ayirt
edicilik degerleri) incelendiginde; 15. ve 18. maddenin toplam ile korelasyonu sirastyla 0.10
ve 0.19 olarak en diisiik korelasyon degerine sahip oldugu gozlenmistir. Diger maddelerin
madde toplam test koreslasyon degerleri 0.65 ve 0.31 arasinda degismektedir. Bununla birlikte
alt lst yiizde 27’lik gruplar arasi madde puanlar1 ortalamalar1 arasi1 farka bakildiginda 15.
maddenin ayirt edici olmadigi. 18. madde de ise alt ve iist gruplar arasi ortalama farkin 0.05
diizeyinde anlaml1 olmasina ragmen degerin birbirine yakin oldugu goézlenmistir. Iki farkli ayirt
edicilik bulgularina dayali olarak 15. ve 18. maddeler 6lgegin disinda tutulmustur.
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Tablo 4. Madde analizi sonuglari

T (Alt%27-
Madde No Madde Toplam Test Ust %27)
Korelasyonu n=204 nalt=niist=56
M2 0.48 -7.20%**
M6 0.31 -3.68***
M7 0.32 -4.88***
M8 0.50 -7.99***
M9 0.46 -8.20***
M10 0.47 -7.19***
M1l 0.32 -5.03***
M12 0.39 -5.92*%**
M13 0.32 -4,91***
M15 0.10 -1.55
M18 0.19 -2.41*
M19 0.42 -6.19***
M20 0.34 -5.433***
M24 0.32 -5.60***
M26 0.33 -5.20***
M27 0.41 -6.59***
M28 0.55 -6.26***
M29 0.57 S7.7FF*
M30 0.53 -5.72%**
M31 0.54 -6.36***
M32 0.38 -3.78***
M33 0.51 -5.78***
M35 0.33 -3.08***
M37 0.40 -4 57F**
M39 0.57 -7.31%**
M40 0.64 -8.91***
M41 0.61 -8.12***
M42 0.47 -4.20***
M43 0.62 -8.46***
M44 0.47 -5.35***

***<0.001 *p<0.05

28 maddelik testin gilivenirligi incelendiginde Cronbach alfa degeri 0.85 olarak
belirlenmistir Bu durum testin yiiksek giivenirlikte lgme yaptigin1 gostermektedir. Glivenirlik
kat sayis1 ayrica her faktor icin test edilmistir. 1. Faktoriin Cronbach Alfa degeri 0.80, 2.
Faktoriin Cronbach Alfa degeri 0.89 ve 3. Faktoriin Cronbach Alfa degeri 0.70 ve 4. Faktoriin
Cronbach Alfa degeri 0.83 olarak belirlenmistir. Cronbach Alfa degerleri incelendiginde alt
boyutlarinin yiiksek giivenirlige (i¢ tutarlilik) sahip oldugu gozlenmistir. Ugiincii faktoriin alfa
degeri diger faktorlere gore daha diisiiktiir. Bu faktoriin alfa degeri kabul edilebilir diizeydedir.

Temel bilesenler analizi sonucunda 28 maddeden olusan Olgek dort faktérden altinda
toplanmaktadir. 1. Faktor altinda 9 madde, 2. Faktor altinda 8 maddel'3. Faktor altinda 6 madde
ve 4. Faktor altinda 5 madde yer almaktadir. Birinci faktor “Ogrenci geligimini izleme

L2 L3

yeterligi”, ikinci faktdr Ogretimi yonetme yeterligi”, iigiincii faktdr “Zorluklarin iistesinden

cvagy ey

gelme yeterligi”, dordiincii faktor ise “DPA olusturma yeterligi” seklinde adlandirilmistir.
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3.3. DPA oz yeterlik ol¢egi dogrulayici faktor analizi (DFA)

Arastirmanin iiclincli adiminda temel bilesenler analizi yardimi ile dort boyuta
indirgedigimiz maddelerin yap: gegerligi DFA analiziyle test edilmistir. Ol¢iim modeli
sonuglarina dayali olarak asagidaki Tablo 5 olusturulmustur.

Tablo 5. Olgiim modeli sonuglari

Faktor/Madde Standartlastirilmis t-degeri R?
Yiikler
Faktorl
M2 0.52 10.61 0.27
M7 0.47 9.54 0.22
M8 0.72 16.04 0.52
M9 0.65 14.04 0.42
M10 0.57 11.97 0.32
M13 0.53 10.93 0.28
M19 0.70 15.47 0.49
M20 0.69 15.24 0.48
M27 0.58 12.25 0.34
Faktor2
M29 0.58 12.15 0.34
M32 0.36 7.07 0.13
M33 0.56 11.45 0.31
M39 0.70 15.38 0.49
M40 0.67 14.34 0.45
M41 0.69 14.89 0.48
M43 0.63 13.46 0.40
M44 0.61 13.93 0.37
Faktor3
M6 0.58 12.86 0.34
M1l 0.65 12.98 0.42
M12 0.58 11.51 0.34
M24 0.47 8.92 0.22
M26 0.57 11.25 0.32
M37 0.38 7.08 0.14
Faktor4
M28 0.71 15.47 0.50
M30 0.79 17.89 0.62
M31 0.75 16.73 0.56
M35 0.55 11.34 0.30
M42 0.52 10.49 0.27

Tablo 5’te standartlagtirilmig yiikler her bir gozlenen degisken ile ilgili oldugu gizil
degisken arasindaki korelasyonlar hakkinda bilgi vermektedir. Faktorl ile en yiiksek
korelasyonu M8 (0.72), en diisiik korelasyonu M7 (0.47) gostermektedir. Faktorl’de
degiskenligin en cok M8 (R?=0.52) degiskeni tarafindan agiklandig1 goriilmektedir. Faktor2 ile
en yliksek korelasyon gosteren M41 ve en diisiik korelasyon gosteren M32 degiskenidir. Bu
nedenle R? katsayis1 en yiiksek olan M41 (0.48) degiskenidir. Faktor 3 incelendiginde M11
degiskeninin Faktor 3 ile 0.65 diizeyinde en yliksek korelasyonu gosterdigi. M37’in ise en
diisiik korelasyon katsayisina (0.38) sahip oldugu belirlenmistir. Faktor 3’teki degiskenligin
cogu (R?°0.42) M11 tarafindan agiklanmaktadir. Faktor 4 incelendiginde M30 en ¢ok (0.79) ve
M42 (0.52) en az korelasyon katsayisina sahiptir. Bu faktorde en fazla degisim M30 (R?=0.62)
degiskeni tarafindan agiklanmaktadir. Olgiim modelinde gozlenen degiskenlerin hata
varyanslari incelendiginde hata varyanslarinin 0.37 ile 0.87 arasinda degistigi gozlenmistir.
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Bununla birlikte gozlenen t degerlerinin biitiin degiskenler i¢in manidar (p<0.00) oldugu
hesaplanmistir. Olgiim modelinin ilk incelemesinden elde edilen bulgulara gére model
uyumunu bozan bir durum yoktur. Ol¢iim modelinden elde edilen model uyum indeksleri Tablo
6’da verilmistir.

Tablo 6. Olgiim modeli i¢in uyum indeksleri

Uyum 6lgiisii Olgiit Degeri Uyum
X?/sd <3 811.04 / 344 =2.36 Tyi
RMSEA 0.05 <RMSEA<0.08 0.057 Iyi
SRMR 0.05 <SRMR<0.10 0.06 Iyi
NFI <0.90 0.91 Iyi
NNFI <0.90 0.94 Iyi
CFI <0.90 0.94 Iyi
GFlI <0.90 0.88 Zayif
AGFI <0.90 0.86 Zayif
CN >200.00 216.29 Yeterli 6rneklem

Gozlenen ve beklenen matrisler arasindaki farki ortaya koyan X? degerinin anlamlilig
incelendiginde bu degerin anlamli (p<0.00) oldugu gézlenmistir. Bu durum arastirmada ele
alinan &rneklem biiyiikliigiinden kaynakl1 olabilir. Ancak modelde X2 /sd degerinin istenilen
diizeyde oldugu goriilmektedir. Bu nedenle model uyum indekslerinin incelenmesine devam
edilmistir. Model uyum indeksleri bakimindan GFI ve AGFI disindaki diger indeksler iyi uyum
degerine sahipken GFI degeri (0.88) ve AGFI degeri (0.86) zayif bir uyum gostermektedir.

Model uyumlarmma ek olarak analiz ¢iktilarimin  Onerdigi modifikasyonlar da
incelenmigstir. Modifikasyonlarda Faktorl’de yer alan M19’un Faktér 3 ve Faktor 4 ile
eslestirilmesi ve M37’in Faktor2 ve Faktor4 ile eslestirilmesi onerilmektedir. Sirasiyla yapilan
diizenlemelerde ilk olarak X2 degerini en fazla diisiiren M37 ve daha sonra M19 maddesinin
modelden ¢ikarilma durumu incelenmistir. Elde edilen bulgulara gore sadece X?/sd degerinde
belli bir iyilesme gozlenirken diger uyum iyiligi indeklerinde istenilen iyilesme gozlenmemis,
GFI degeri istenilen uyum diizeyine ulasmamistir. Bu nedenle arastirmacilar tarafindan iki
maddenin de modelde kalmasina karar verilmistir. DFA sirasinda herhangi bir modifikasyon
yapilmamistir. Temel bilesenler analizi ile test edilen dort faktorlii yap1 dogrulanmustir.

4. TARTISMA VE SONUC

Birgok iilke egitim-68retim programlarinda yapilandirmaci yaklasimi temel almakta,
kagit kalem testleri icerisinde yer alan agik uclu, kisa yanith ve ¢oktan se¢gmeli sorular gibi
uriin  temelli geleneksel Ol¢me-degerlendirme araglarinin  yaninda portfolyo, proje
uygulamalari, performans gorevi, kavram haritasi gibi siire¢ temelli (durum belirleme odakli)
tamamlayict  Olgme-degerlendirme araglarmin  kullannmini  6nemli gérmektedir. Bu
tamamlayici1 6lgme-degerlendirme araclarinin etkili ve verimli bir sekilde kullanilabilmesi igin
ogretmenlerin bu konudaki bilgilerinin ve yeterliliklerinin tam olmas1 gerekmektedir. Bilgi ve
yeterliklerin belirlenmesi i¢in de bu 6zellikleri 6l¢en gegerlik ve giivenirlik kanitlar1 ortaya
konmus Olgme araglarina ihtiya¢ vardir. Bu sayede daha objektif sonuglara ulasilabilir. Bu
aragtirma kapsaminda 6gretmenlerin DPA’ya yonelik 6z yeterlikler inanglarini ortaya koyan
bir 6l¢ek gelistirilmistir.

Gegerlik ve giivenirlik analizleri dikkate alinarak gelistirilen aragta ilk olarak kapsam
gecerligi uzman goriislerine dayali olarak saglanmistir. Bir 6l¢egin istenilen 6zellige dayali
Olclim yapip yapmadig1 hakkinda bilgi veren gegerlik analizlerinin basinda kapsam gecerligi
gelmektedir (Cronbach. 1970). Olgegin yapisin1 ortaya koymak amaciyla temel bilesenler
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analizi yapilmis ve 6z yeterlik yapisinin dort faktor altinda toplandigy, bu faktorlerin degiskenin
yaklasik yiizde ellisini agikladig belirlenmistir. Cok faktorlii desenlerde agiklanan varyans
oraninin %40 ve %60 olmas1 beklenir (Scherer, Wiebe, Luther ve Adam. 1998; Akt: Tavsancil.
2005). Elde edilen bulgu belirtilen kaynaklar1 destekler niteliktedir. Ayrica ¢izgi grafigindeki
egimler incelendiginde dort faktorlii yap: agikca goriilmektedir.

Gelistirilen 6l¢egin ig tutarlik kat sayis1 hakkinda bilgi veren Cronbach alfa degerleri hem
Olgegin kendisi hem de alt boyutlar i¢in yiiksek giivenirlik diizeyine sahiptir. Bu durum dlgekte
yer alan maddelerin birbirleri ile yiiksek iliski gosterdigini belirtmektedir. Cronbach (1970)
Olgekte yer alan alfa diizeyinin 0.70 {istiinde bulunmas1 durumunda 6l¢egin yiiksek i¢ tutarliga
sahip oldugunu belirtmektedir.

Maddelerin ayirt edicilik diizeylerinin belirlenmesi amaciyla yapilan alt-list %27’lik
gruplara ayirma yontemine gore de sadece iki maddenin tutumlari olumlu olan ve olumsuz
olanlar1 ayrramadig, diislik korelasyon kat sayisi ile belirlenmis ve dlgege alinmamustir. Ayirt
edicilik degerinin 0.19°dan diisiik olmast durumunda maddeler gézden gecirilmeli ve eger
diizenlenemiyor ise Olcege alinmamasi onerilmektedir (Kelley, 1939). Maddelerin gecerligi
madde toplam test korelasyonu ile de incelenmistir. Diisiik korelasyon degeri maddenin
Olgekten ¢ikarilmasina isaret etmektedir (Cureton, 1966; Guilford,1953). Bu bulguya gore de
ayni1 iki madde olgekten ¢ikarilmistir.

Olgegin yap1 gecerligi incelenmis ve temel bilesenler analizinde ortaya konan yapmin
tekrar saglandigi gozlenmistir. Analiz sonuglar1 incelendiginde ki kare degerinin anlamli
ciktig1 gozlenmistir. Ki kare degeri 6rneklemden etkilenilen bir istatistik oldugundan (Byrne,
2003) model uyum indekslerine bakilmistir. GFI ve AGFI disindaki diger indeksler iyi uyum
degerine sahipken GFI degeri ve AGFI degeri zayif bir uyum gostermektedir. Literatiir
incelendiginde AGFI degerinin 0.85’in {istlinde olmasi durumunda “kabul edilebilir uyum”
olarak degerlendirilebilir (Raykov ve Marcoulides, 2006; Schermelleh-Engel, Moosbrugger ve
Miiller, 2003; Vieira, 2011).

DPA’ya yonelik 6z yeterlik Olgegi O0gretmenlerin DPA’lar hakkindaki 6z yeterlik
algilarim ortaya koymaktadir. Olgekten alman artan puanlar 6z yeterlik algilarmin yiiksekligi,
azalan puanlar ise diisiikliigli seklinde yorumlanabilir. Gelistirilen dlcek, ilgili aragtirmalar ve
kurumlar tarafindan 6gretmenlerin 6z yeterlik diizeylerini belirlemek ve buna dayali egitim ve
ogretim etkinliklerine yon vermek amaciyla kullanilabilir. Ozellikle tamamlayici dlgme ve
degerlendirme yoOntemleri lizerinde calisan arastirmacilar ogretmenin DPA’ya yonelik 6z
yeterligi ve 6grenci performansi arasindaki iligkileri farkli degiskenleri de dikkate olarak ¢ok
boyutlu modellerle inceleyebilir.

Tesekkiir

Bu galisma Aksaray Universitesi Bilimsel Arastirma Projeleri Koordinasyon Birimi tarafindan

desteklenmistir. Proje Numarasi: 2015-096

5. KAYNAKLAR

Andrade, H. G. (2005). Teaching with rubrics: The good, the bad, and the ugly. College
Teaching. 53(1), 27-30

Andrade, H. G., & Du, Y. (2005). Student perspectives on rubric-referenced assessment.
Practical Assessment, Research & Evaluation, 10(3). Retrieved from
http://PAREonline.net/getvn.asp?v=10&n=3

Andrade, H., Wang, X., Du, Y., & Akawi, R. (2009). Rubric-referenced self-assessment and
self-efficacy for writing. The Journal of Educational Research, 102(4), 287-302.

Bandura, A. (1977). Self-efficacy: toward a unifying theory of behavioral change.
Psychological Review, 84 (2), 191-215.



Giines, Yildirim & Yilmaz

Bandura, A. (1994). Self-efficacy. In V.S. Ramachaudran (Ed.), Encyclopedia of Human
Behavior, (4), 71-81. New York: Academic Press.

Brookhart, S. M. (2013). How to create and use rubrics for formative assessment and grading.
Alexandria, VA: ASCD.

Byrne, B. M. (2003). The issue of measurement invariance revisited. Journal of Cross-Cultural
Psychology, 34(2), 155-175.

Caprara, G. V., Barbaranelli, C., Steca, P., & Malone, P. S. (2006). Teachers’ self-efficacy
beliefs as determinants of job satisfaction and students’ academic achievement: a study
at the school level. Journal of School Psychology, 44, 473-490.

Cronbach, L. J. (1970). Essentials of psychological testing. 3" Edition , Harper & Row.
Cureton, E. E. (1966). Corrected item-test correlations. Psychometrika, 31, 93-96.

Elias, S., & Loomis, R. (2002). Utilizing need for cognition and perceived self-efficacy to
predict academic performance. Journal of Applied Social Psychology, 32(8), 1687- 1702.

Guilford, J. P. (1953). The correlation of an item with a composite of the remaining items in a
test. Educational and Psychological Measurement, 13, 87-93

Jerusalem, M. (2002). Theroretischer Teil - Einleitung |, Zeitschrift fiir Pddagogik, 44, 8-12

Jonsson, A. (2014). Rubrics as a way of providing transparency in assessment. Assessment &
Evaluation in Higher Education, 39 (7), 840-852. doi:10.1080/02602938.2013.875117

Kelley, T. L. (1939). The selection of upper and lower groups for the validation of test items.
Journal of Educational Psychology, 30(1), 17-24.

Likert, R. (1932). A Techniques for the measurement of attitudes. Archives of Psychology, 140,
5-53

Metin, M. (2013). Ogretmenlerin performans gorevlerini hazirlarken ve uygularken karsilastig
sorunlar. Kuram ve Uygulamada Egitim Bilimleri, 13(3), 1645- 1673.

Metin, M., & Ozmen, H. (2010). Fen ve teknoloji 6gretmenlerinin performans degerlendirmeye
yonelik hizmet ici egitim (HIE) ihtiya¢larinin belirlenmesi. Kastamonu Egitim Dergisi,
18(3), 819-838.

Moskal, B. M. (2000). Scoring rubrics: What, when and how? Practical Assessment, Research
& Evaluation, 7(3),1-5

Ozkan, O., Tekkaya, C., & Cakiroglu, J. (2002). Fen bilgisi aday ogretmenlerin fen
kavramlarinin anlama diizeyleri, fen 6gretimine yonelik tutum ve 6z-yeterlik inanglart.
V. Ulusal Fen Bilimleri Egitimi Kongresi, ODTU, Ankara.

Panadero, E., & Jonsson, A. (2013). The use of scoring rubrics for formative assessment
purposes revisited: A review. Educational Research Review, 9, 129-144.
doi:10.1016/j.edurev.2013.01.002.

Panadero, E., Jonsson, A., & Strijbos, J. W. (2016). Scaffolding self-regulated learning through
selfassessment and peer assessment: Guidelines for classroom implementation. In D.
Laveault & L. Allal (Eds.), Assessment for learning: Meeting the challenge of
implementation (pp. 311-326). Cham: Springer International Publishing.

Popham, W. J. (1997). What’s wrong—and what’s right—with rubrics. Educational
Leadership, 55(2), 72-75.

Popham, W. J. (2007). Classroom Assessment: What Teachers Need to Know. Pearson
Education, 5th Edition, USA.

Raykov T & Marcoulides G. A. (2006). Fundamentals of structural equation modeling. A first
course in structural equation modeling. 2nd ed. London: Lawrence Erlbaum Associates;
p.1-3,41-3



Int. J. Asst. Tools in Educ., Vol. 5, Issue 1, (2018) pp. 187-200

Reddy, Y., & Andrade, H. (2010). A review of rubric use in higher education. Assessment &
Evaluation in Higher Education, 35, 435- 448. doi:10.1080/02602930902862859.
Reynolds, J., Smith, R., Moskovitz, C., & Sayle, A. (2009). BioTAP: A Systematic Approach
to Teaching Scientific Writing and Evaluating Undergraduate Theses. BioScience, 59
(10), 896-903. d0i:10.1025/bi0.2009.59.10.11

Riggs, I. M. ve Enochs L. G. (1990). Toward the development of an elementary teacher’s
science teaching efficacy belief instrument. Science Education, 74(6), 625-637.

Schermelleh-Engel, K., Moosbrugger, H., & Miiller, H. (2003). Evaluating the fit of structural
equation models: tests of significance and descriptive goodness of-fit measures. Methods
of Psychological Research Online, 8(2), 23-74.

Schwarzer R. (1993). General perceived self-efficacy in 14 cultures. Retrieved on 5-June 2007,
at URL http://Web.Fu-Berlin.De/Gesund/Publicat/Ehpscd/Health/World14.Htm

Tabachnick, B. G., & Fidel, L. S. (2001). Using multivariate statistics. Fourth Edition.
Needham Heights, MA: Allyn & Bacon.

Tavsancil, E. (2005). Tutumlarin él¢iilmesi ve SPSS ile veri analizi. Nobel Yayinlari, Ankara

Tschannen-Moran, M., Woolfolk Hoy, A., & Hoy, W. K. (1998). Teacher efficacy: Its meaning
and measure. Review of Educational Research, 68, 202-248.

Tschannen-Moran, M., & Woolfolk Hoy, A. (2001). Teacher efficacy: Capturing and elusive
construct. Teaching and Teacher Education, 17, 783-805.

Venning, J., & F. Buisman-Pijlman (2013). Integrating assessment matrices in feedback loops
to promote research skill development in postgraduate research projects. Assessment and
Evaluation in Higher Education, 38 (5): 567-579.

Vieira, A. L. (2011). Preparation of the analysis. Interactive LISREL in practice. 1st ed.
London: Springer.

Wiggins, G. (1991). Standart, not standardization: Evoking quality student work. Educational
Leadership. 48(5), 18-25.

Yilmaz, M., Késeoglu, P., Gergek, C., Soran, H. (2004). Yabanci dilde hazirlanan bir 6gretmen
oz-yeterlik Slceginin Tiirkgeye uyarlanmasi. Hacettepe Universitesi Egitim Fakiiltesi
Dergisi, 27, 260-267.

Zimmerman, B.J. (2000). Self-Efficacy: An essential motive to learn. Contemporary
Educational Psychology, 25, 82-91. doi:10.1006/ceps.1999.1016



Giines, Yildirim & Yilmaz

Tablo Ek-1. Rubriklere yonelik 6z yeterlik 6lgegi

g
Rubrik Ozyeterlik Ol¢egi g E‘ g g ’i = 2
YE|E|5|E |5
Sl |23 =
1 |DPA’lan sinif igerisinde nasil uygulayacagim konusunda yeterli bilgiye
sahip olduguma inaniyorum
2 | Ogretmenlik deneyimime ragmen. DPA hazirlarken zorlanabilirim
3 |Ogrencilerin DPA’ya karst olumsuz tutumlar1 olsa bile. DPA
uygulamalarini kolayca yapabilecegime inantyorum
4 | DPA’lar ile 6grencilerin performanslarini kolayca degerlendirebilirim.
5 | DPA hazirlama konusunda yeterli bilgiye sahip olduguma inantyorum
6 |Ogrenciler daha 6nce kullanmamis olsalar bile. DPA’lar ile uygulamalar
yapabilirim.
7 | Teorik bilgim olmasina ragmen. DPA’lar1 hazirlarken zorlanabilirim.
8 | Cok zaman aldigindan dolay1 DPA uygulamalar1 yaparken zorlanabilirim.
9 | DPA’y1 hazirlarken bir sorunla karsilagirsam {istesinden gelebilirim.
10 |Etkili DPA’lar hazirlayarak dgrenci basarisini artirabilirim.
11 | DPA’lan grup ¢aligmalarinda etkili sekilde kullanabilirim.
12 |DPA’larin kullanim amacini1 6grencilere agiklamada zorlanabilirim.
13 |Farkli kaynaklardan buldugum bir DPA’y1 konuya adapte etmekte
zorlanabilirim.
14 | DPA uygulamalari ile 6grencilerin konuya yonelik ilgilerini artirabilirim.
15 |Farkli DPA tiirlerine gore puanlama yapmakta zorlanabilirim.
16 |DPA’lar ile dgrencilerin 6grenme siirecindeki eksikliklerini kolaylikla
belirleyebilirim.
17 | Konuya uygun DPA tiiriinii belirlemede zorlanabilirim.
18 |DPA’y1 hazirlarken 6grenme kazanimlarini belirlemekte zorlanabilirim.
19 | Simif yonetiminde zorlansam bile. DPA uygulamalar1 yapabilirim.
20 |Yazili sinavlar1 DPA ile adil sekilde degerlendirebilirim.
21 |DPA’y1 hazirlarken 6lgiilecek davraniglara karar vermekte zorlanabilirim.
22 |Kalabalik siniflarda DPA uygulamalar1 yaparken zorlanabilirim.
23 |Farkli kaynaklardan yararlanarak DPA hazirlama konusunda kendimi
gelistirebilecegime inantyorum.
24 |Hazirladigim DPA’lar 6grencilerin kolayca anlayabilecegine inantyorum.
25 | DPA uygulamalari ile 6grencilerin konuyu 6grenmeye yonelik endiselerini
azaltabilecegime inantyorum:
26 | Ugrassam bile. DPA’lar1 hazirlarken 6grenci davraniglarini 6lgecek detayli
tanimlar yapmakta zorlanabilirim.
27 | Ogrencilerin nitelikli ¢alismalar ortaya ¢ikarmalarim saglayacak DPA’lar
hazirlayabilirim.
28 |Eger ugrasirsam. 6grencilere DPA kullanma becerisini kazandirabilirim.
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