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Abstract

The purpose of this study is to examine the effect of the item weighting method developed by researchers on
the construct validity of the test. For this purpose, a Monte Carlo simulation study was carried out. Test length,
average factor loadings, and sample size were considered as simulation conditions. Item weighting method was
defined as follows: If average score of the individuals (calculated as individual's test score/the number of
items) plus item difficulty index is 1 and over then item reliability index added to individual’s item score (1 or
0); if not, then the item score of the individual (1 if 1, 0 if Q) is preserved. As a result of the research, it was
observed that the weighting method contributes to the construct validity. According to the results of
confirmatory factor analysis, the comparative fit index (CFI) and the root mean square error of approximation
(RMSEA) values were improved. According to the research findings, the weighting method used in this
research can be recommended.
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INTRODUCTION

The validity of the scores obtained from tests used in the psychological field is among the most
important subjects of the psychological measurement field. Validity is considered as a feature of the
scores obtained from the applied tests (American Educational Research Association [AERA],
American Educational Research Association [APA], & National Council on Measurement In
Education [NCME], 2014) and can be collected under the construct validity as an umbrella term
(Messick, 1995). In the process of collecting evidence for construct validity, exploratory factor
analysis (EFA) and confirmatory factor analysis (CFA) are frequently used (Nunnally & Bernstein,
1994). EFA is based on covariance structures and is a technique for obtaining fewer latent variables
(factors) than the covariance matrix between observed variables (Daniel, 1989). In EFA, the aim is to
reveal the factor structure of the clusters formed by the variables. In CFA, the theoretical construct is
tested, and the structural properties of the variables measured before the analysis are known. For this
reason, the purpose of CFA is to try to verify the predicted factor structure based on the
measurements obtained from the measurement instrument (Stevens, 2009). In the process of
collecting evidence for construct validity, both analyses have high importance. Nunnally (1978)
emphasizes the importance of factor analysis by saying that it is at the heart of the measurement of
psychological constructs.

Different measures may be taken to increase the validity of the scores obtained from the test.
Following the scale development procedure during the development phase of the measurement
instrument, knowing the theoretical subset well and reflecting it on the measurement instrument, and
taking some measures in the implementation phase of the tests are examples. However, it has been
thought that some weighting operations on the scores obtained after the test application can increase
the validity of the scores obtained from the test, and studies on item weighting have been conducted
accordingly (Erkus, 2014; Ghiselli, 1964; Gulliksen, 1950; Rotou, Headrick, & Elmore, 2002).
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When studies on item weighting are examined, it is seen that they were conducted mostly in the
second half of the 20th century (Burt, 1950; Dick, 1965; Ghiselli, 1964; Guilford, 1954). Among the
recommended methods related to item weighting in addition to the use of methods such as assigning
values by multiple regression, assigning piecewise regression coefficients (Guilford, 1954),
weighting with item discrimination indices (Birnbaum, 1968), and using factor analysis (Burt, 1950),
some authors suggest methods like item weighting using test variance or item variance (Dick, 1965),
weighting the items related to more important topics, taking into account the context in which the
items are linked (Ghiselli, 1964), and weighting item clusters instead of individual items (Gulliksen,
1950). In a more recent study, Rotou, Headrick, and Elmore (2002) proposed weighting items by
using multidimensional item response theory parameters and a hybrid weighting method based on
the use of total score calculation in the classical test theory to calculate individual scores. When the
results of item weighting studies are examined in general, it is observed that different weighting of
the items for shorter tests is more efficient, item weighting has little effect when the number of items
is between 10 and 20 (Ghiselli, 1964), the best weighting method for long tests is to make weights 1
of all items. When the average of item correlations is low, item weighting gives better results
(Guilford, 1954), and when the number of components in the test decreases, scoring items differently
is more effective in ranking individuals compared to the total points obtained by equally weighting
(Ghiselli, 1964) (e.g., scoring for the correct answer, giving 0 for the wrong answer, and collecting
the items that are correctly answered).

Research on weighting in Turkey has been carried out, but the emphasis was usually on the option
weighting for multiple choice items (Akkus & Baykul, 2001; Erdem, Ertuna, & Dogan, 2016;
Gozen-Crtak, 2010; Ozdemir, 2004), and it has been seen that the research conducted on item
weighting is limited. In the research carried out by Yurdugil (2010), the evaluation was based on the
total scores of the individuals. The limitation in this research was that it focused on the total scores
and rankings of individuals. In the current study, research was carried out on the construct validity.
In addition, in contrast to other studies, a new weighting method was developed in current research.

When the methods have generally been evaluated, it has been asserted that the effort for item
weighting will not be worth it (Guilford, 1954; Phillips, 1943). However, besides increasing the
validity and reliability of the results obtained from the item weighting test, as it should maximize the
difference between individuals (Horst, 1936), item weighting will help to better discriminate the
individuals. Since today's highly developed computer technology also reduces the labor required for
item weighting, even if it does not make an excessive contribution to validity and reliability, item
weighting may be recommended due to piecewise contributions.

Although item weighting improves the validity and reliability of the results obtained from the test,
and for this reason it is clearly important, it is surprisingly used in a small number of studies (Burt,
1950). Nowadays, due to the limited research conducted on the effects of item weighting, the item
weighting method developed in this research was examined under different conditions. In the study,
the following sub-problems were asked in order to search for answers to the question, "What is the
effect of item weighting on the validity and reliability of the test?"

1. How does the explained variance ratio change that is described as a result of EFA, which is based
on the matrix of converted item scores obtained by the proposed item weighting method?

2. How do the comparative fit index (CFI), the root mean square error of approximation (RMSEA),
and chi-square values change, which are described as a result of CFA, which is based on the matrix
of converted item scores obtained by the proposed item weighting method?

3. How do the Cronbach’s alpha reliability coefficient values change, which are described as a result
of reliability analysis, which is based on the matrix of converted item scores obtained by the
proposed item weighting method?
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METHOD

This research is a Monte Carlo simulation study conducted to examine the effect of the weighting
method on the validity and reliability of the test, which is proposed by researchers. Research data are
limited by 1-0 scoring because of the multiplicity of categorical data types and with the idea that
they should be studied separately. Another limitation is the generation of data in unidimensional
construct in the case of multidimensional data, as it is difficult to deal with many conditions such as
data type, number of dimensions, inter-dimensional relations, and number of items in dimensions.

As simulation conditions sample size (250, 1000, and 3000), the number of items (20, 30, and 40),
and an average factor loading (0.5 and 0.7) are examined.

Regarding to sample size, small (250), medium (1000), and large (3000) samples were formed.
Rhemtulla, Brosseau-Liard, & Savalei (2012) stated that 200 sample sizes are common in
psychology literature. But in this study, exploratory and confirmatory factor analysis was conducted.
250, 1000 and 3000 sample sizes were chosen to avoid of the sample size requirement of the factor
analysis (Comrey, 1988; Floyd & Widaman, 1995; Gorsuch, 1974; Guadagnoli & Velicer, 1988).

Because of unidimensional constructs were examined in this research, tests consist of 20, 30 and 40
items were formed as simulation condition. Tests consist of 20 items was used commonly in practice
(MEB, 2013, 2019). So, the condition of 20 items was added simulation. 30 and 40 items were added
to examine the effect of the number of items on the weighting method.

Factor loadings were between 0.30 and 0.50 could be considered low and above 0.70 could be
considered high (Trierweiler, 2009). Thus, in this research, 0.50 (low) and 0.70 (high) was used for
average factor loadings condition.

When all conditions were considered, a total of 18 simulated conditions were researched, and 1000
replications were made for each condition. The simulation conditions are presented in Table 1.

Table 1. Simulation Factors and Conditions

Fixed Conditions Simulation Conditions

Data Type Number of Factors Sample Size Test Length Average Factor Loading
250 20 0.50

1-0 Unidimensional 1000 30 0.70
3000 40

When the conditions in Table 1 are considered together, 1 (data type) x 1 (humber of factors) x 3
(sample size) x 3 (test length) x 2 (average factor loading) = 18 conditions are obtained. Since 1000
replications were made for each condition, the research was carried out on 18000 data files. EFA,
CFA, and Cronbach’s alpha reliability coefficient calculations were performed separately on 1000
replicated data files produced for each condition and the averages of the obtained values were
calculated, and these values were compared with each other.

The averages of the descriptive statistics of replicated data generated according to the simulation
conditions are presented in Table 2.

When Table 2 is examined, average values of data sets obtained from 1000 replications are seen.
When the data sets are examined according to the simulation conditions, the mean skewness for the
items are 0 and the mean kurtosis values are around 1. It can be stated that the average
discrimination values change according to the average factor loading condition. The skewness values
of the total score are around 0, and the kurtosis values are about 2 in the case where the average
factor loading is 0.5 and 1.8 in the case of 0.7. When the psych package (Revelle, 2016) is used in
two categorical data production, a cut-off score is entered for the skewness value. According to this
cut-off point, the skewness of the data is negative, positive, or around zero. However, according to
the cut-off point entered, the kurtosis is automatically adjusted according to the skewness. For
example, in skewed data, the kurtosis values may be even higher.
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Table 2. Descriptive Statistics of Simulation Data
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20 0.5 1016 0.002 9.958 9.992 9.992 19.771 0.190 0.001 2.257 0.500 0.505
0.7 1017 0.001 10.172 9.986 9.993 20.000 0.000 0.001 1.822 0.500 0.690
2 30 0.5 1.016 0.002 15.010 14969 14.983 29.313 0.670 0.004 2.260 0.499 0.488
N 0.7 1017 0.002 15.076 14950 14.985 29.999 0.000 0.004 1.823 0.500 0.680
40 0.5 1016 0.001 20.130 20.028 19.993 38.775 1.166 -0.003 2.261 0.500 0.479
0.7 1017 0.004 19.431 19951 19.960 39.995 0.004 0.002 1.825 0.499 0.673
20 0.5 1.004 -0.001 10.032 10.003 10.005 19.998 0.002 0.002 2.252 0.500 0.506
0.7 1004 -0.001 9.963 10.008 10.004 20.000 0.000 0.000 1.811 0.500 0.692
= 30 0.5 1.004 0.001 14.843 14993 14.994 29910 0.099 0.000 2.260 0.500 0.488
= 0.7 1004 -0.002 14.892 15020 15.012 30.000 0.000 -0.002 1.815 0.500 0.681
40 0.5 1.004 0.000 20.063 19.995 20.003 39.695 0.305 0.002 2.260 0.500 0.480
0.7 1.004 -0.003 20.439 20.043 20.028 40.000 0.000 -0.004 1.817 0501 0.675
20 0.5 1.001 0.000 9.977 10.000 9.998 20.000 0.000 0.001 2.250 0.500 0.506
0.7 1001 0.001 9.914 9998 9.996 20.000 0.000 0.000 1.811 0.500 0.692
= 30 0.5 1.001 0.000 14.965 14997 14.998 29.999 0.001 0.001 2.258 0.500 0.489
& 0.7 1.001 -0.001 15212 15.000 15.004 30.000 0.000 -0.001 1.814 0.500 0.681
40 0.5 1.001 0.000 20.102 20.001 20.003 39.974 0.037 0.000 2.258 0.500 0.480
0.7 1.001 0.000 19.985 19.995 19.998 40.000 0.000 0.000 1.815 0.500 0.675

Weighting Method Used

Test scores are open to having random errors during the development, implementation, and scoring
of the tests. Since the amount and direction of random errors are not known, it is not possible to
eliminate them from the measurement results. Random errors can be estimated only on a group basis
using statistical methods, not individual-base. Reliability values obtained for statistical tests or items
are the values that help in the estimation.

With this in mind, the item difficulty index (pj) of each item and the average score (li) of the
individual from the test were calculated. It was checked whether the sum of these two variables was
greater than 1. If this sum was greater than 1, the item reliability index was added to the answer of
the individual. If less than 1, the item score of the individual was unchanged. In this way, a new
matrix of item scores was established.

This weighting method was developed by researchers based on the following explanations. In the
study, item scores were first produced, and then a weighting process was carried out through an item
scores matrix. For this purpose,

_ (X + itemreliability index, p; + [; =2 1

function is used. Where, p; represents the difficulty of item, and I; represents the average score of the
individual j, which can be expressed as follows:

_yvn Xi
i =X 7 2
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Where, xi refers to the score of the individual taken from the item i (0 or 1) and n refers to the total
number of items. Thus, the average score is calculated for each individual. Accordingly, the average
score of the individual will be between 0 and 1.

The weighting function is defined as a piecewise function. When the function is examined, Xij
expresses the answer of the individual j to the item i. According to this, the answer to the item i
given by the individual j can take a value of 1 or 0. Regarding the piecewise function, if the sum of
the average score of the individual and the item difficulty indices is 1 or more; the item reliability
index is added to the item score of the individual (0 or 1). If this sum is less than 1, the item score of
the individual is kept the same (0 or 1).

The purpose of defining the item weighting function as specified in Equation 1 is to try to correct the
random error involved in the measurement results. When the function is examined, it is based on the
principle of correcting the answer given by a successful individual to an easy question carelessly or
due to different random error sources. Likewise, a minimally successful individual can also receive
correction scores for the item difficulty that he or she can answer. This situation is shown
schematically in Figure 1.

0 0.3 0.5 0.7 1 w
P g |ndividuals
DT ~. . PR AR A\erage Score
= -~ \. 1 - ,-"
TwSL S -" -
s_;\.’-’ -
'4-7’\-5_
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Figure 1. Item Weighting Function Chart

Figure 1 shows that when the average score of the individual is 0.3, for the individual to get
correction points (1 + item reliability if the item is answered correctly, and 0 + item reliability if
answered wrong), the item difficulty must be 0.7 or above, so the item must be easy. As the average
score of the individual increases, the success of the individual increases, and the difficulty index of
the item is also decreases, as it is getting more difficult. In this case, the weighting function can also
work for an individual with low success. The important point in the function is that the individual
has an average that he or she can respond correctly to that item. In Figure 1, a match between item
difficulty and individual average score is presented for clarification of item weighting procedure. For
example, if the average of the individual is 0.8, then the item difficulty is 0.20, and for the items
above (0.20 and easier items), the weighting function will work.

Here is an example to explain this function: Assume that the average test score (total score / number
of items) of a student is 0.62. In this case, an item’s item difficulty index must be 0.38 (1-0.62) or
above for the weighting of this student's score. The students’ average scores for the items will not be
weighted unless the item difficulty index 0.37 or lower. However, the students’ average scores for
the items will be weighted for the items with difficulty index 0.38 or higher. For more clarification,
additional examples were given in Table 3.

When Table 3 was examined, it could be seen that if a student’s average score + item difficulty index
> 1, the item’s score will be weighted. But if it is smaller than 1, the item’s score will not be
weighted.
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Table 3. Item Weighting Function Examples

Student Average Score Item Difficulty Index Whether Item Score Will Weight
0.20 0.80 Yes
0.20 0.85 Yes
0.20 0.79 No
0.20 0.50 No
0.50 0.50 Yes
0.50 0.60 Yes
0.50 0.30 No
0.50 0.20 No
0.70 0.30 Yes
0.70 0.40 Yes
0.70 0.20 No

To understand rationale of the method, let us suppose that the average of the individual is 0.9 and the
difficulty of the item is 0.5. Then it is natural to expect that an individual who answers correctly to
90% of the items can also answer correctly to item with an average difficult. Similarly, an individual
with an average of 0.20 may be expected to answer correctly to an item with an item difficulty index
of 0.95. For these cases, weighting is performed by adding item reliability to the item score of the
individual. If the individual gave the wrong answer to this item, an item reliability index is added to
the item score to prevent it from getting 0 from that item. If the individual has already answered
correctly that item, then the item score of the individual rises to the item reliability index. The reason
for using the item reliability index here is that both item discrimination and the standard deviation of
the item can be achieved at the same time. Thus, with the defined function, item scores of the
individual are corrected by combining the item difficulty, item discrimination, and standard
deviation of the item.

Process

In the study, data sets for each simulation condition were first generated using the psych package
(Revelle, 2016) found in the R program (R Core Team, 2018). The aim was that the skewness value
in data production is close to 0. For this reason, the cut-off score for the data produced in the
dichotomously was taken as 0 (Revelle, 2016). The kurtosis values were based on the cut-off point.

After the data sets (1000 data sets for each condition) were generated according to the simulation
conditions (18 conditions), the weighting process was applied to the data sets. The function
presented in Equation 1 was used for weighting. The code was written by the researchers in the R
program with the purpose of applying weighting to all data sets. Thus, a matrix of weighted item
scores was generated from the generated data sets (1-0 form).

EFA, CFA, and reliability analyses were performed on all data sets before and after weighting (1000
replicative data sets of 18 conditions scored 1-0, and 1000 replicative data sets of 18 conditions).
The psych package was used for EFA (Revelle, 2016). Since the weighted item scores matrix for
EFA consisted of continuous data, Pearson correlation matrix was used for both non-weighted and
weighted data sets for comparison. The Mplus software was used for CFA, but the Mplus
Automation package in the R program was also utilized (Hallquist & Wiley, 2017). To conduct CFA,
maximum likelihood (ML) estimation method was used for both non-weighted and weighted data
sets for comparison.

The reported explained variance ratio calculated for the EFA in the study is the average explained
variance ratio disclosed, which was obtained from 1000 replications for each condition. The average
factor loading was obtained from 1000 replications for each condition, and then the average factor
loading of the test was calculated according to the number of the items. CFl, RMSEA, and chi-
square values calculated for CFA were obtained as an average as a result of the analysis of the data
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sets obtained from 1000 replications. However, since the research was a simulation study, the
average expression was not used. The average factor loading expression was used in the tables
because the factors were calculated by taking the factor loading average (since the test shows the
average factor loading).

It was examined that whether the explained variance ratio was normally distributed via Shapiro-Wilk
test. Because they were normally distributed, t-test was used for comparison of explained variance
ratio for original (1-0 data set) and weighted data set. To compare average factor loadings for
original (1-0 data set) and weighted data set, Fisher’s z-test was used. While Cohen’s d was used for
effect size to compare average of explained variance ratio, Cohen’s q was used for effect size to
compare average explained variance as two correlation coefficients. While Cohen’s d interpreted as
0.2 small, 0.5 medium and 0.8 large, Cohen’s q interpreted as 0.1 small, 0.3 medium and 0.5 large
(Cohen, 1988, 1992).

RESULTS

Results are presented in the order of sub-problems.

Ratio of Variance Obtained as EFA Result and Findings for Average Factor Loadings

The explained variance ratios obtained by the simulation conditions as a result of the research and
the average factor loadings are presented in Table 4.

The explained variance ratios are between 16.1% and 32.8% in the non-weighted data sets for all
simulation conditions, and they range from 40.0% to 57.1% in weighted data sets. When the
differences between the explained variance ratios that correspond to deviance before and after
weighting are taken into account (explained variance ratio from after weighting minus explained
variance ratio for binary scores), it is observed that they changed from 10.2% to 17.7% and the
average was 13.8%. It is additional to note that these ratio values are derived by subtracting binary
scores from the explained variance ratio for weighted scores.

For the simulation condition in which the average factor loading is 0.5, the increase in the explained
variance ratio was less, and for simulation conditions with an average factor loading of 0.7, the
explained variance ratio increased more. For simulation conditions with average factor loadings of
0.5 and 0.7, the increase in the sample size also increased the difference in the explained variance
ratio. When the sample size was 3000, the increase of the number of items increased the difference
in the explained variance ratio between before and after weighting. However, as the number of items
decreased in the 250- and 1000-person samples, the explained variance ratio increased. As a result of
the t-test performed to compare the explained variance ratios, it was observed that all differences
were statistically significant (0<0.05). When the effect size values were examined, it was observed
that differences of the explained variance ratio had large effect size.

When the differences of the average factor loadings between before and after weighting were
examined, it was observed that the differences varied between 0.096 and 0.138 and increased by an
average of 0.119. In the case where the sample sizes were 250 and 1000, it was observed that with
the reduction of the number of items the average factor loading difference before and after weighting
was increased. On the other hand, when the average factor loading used in the simulation condition
was 0.7 for a sample of 3000 individuals, the average factor loading difference between before and
after weighting was increased. In addition, the difference of EVR increases with increasing the AFL
in the samples of 250 and 1000 people. However, the difference in EVR decreases as the number of
items increases. In the other hand, the difference for EVR was same as the number of items
increased for 3000 sample size. According to these results, it could be said that the increase in the
sample size, the effect of the increase in the number of items on the EVR decreases. As a result of
the Fisher’s z-test performed to compare the average factor loadings, it was observed that all
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differences were statistically significant (¢.<0.05). When the effect size values were examined, it was
observed that differences of the average factor loadings had a small and medium effect size.

Table 4. Explained Variance Ratios and Average Factor Loadings

. . - Results Scoring Results After . Cohend Cohen g for
Simulation Conditions 10 Weighting Difference for EVR AFL
Sample  Number o oo AR EVR AFL  EVR AFL

Size of Items
20 0.5 0.164  0.401 0.277 0522 0.113* 0.122! 5.86(L) 0.15(S)
20 0.7 0.328 0.571  0.498 0.704  0.170* 0.133"  7.07(L) 0.23 (M)
250 30 0.5 0.164 0.400 0.269 0.506  0.105* 0.105%"  3.85(L) 0.13(S)
30 0.7 0.328 0.571  0.483 0.682  0.154* 0.110"  3.61(L) 0.18(S)
40 0.5 0.163 0.400 0.266 0.496  0.102* 0.096"  3.23(L) 0.12(S)
40 0.7 0.327 0.570 0.474 0.667 0.147* 0.0971 2.73 (L) 0.16(S)
20 0.5 0.162 0.401 0.278 0.526 0.116* 0.125%"  11.60 (L) 0.16(S)
20 0.7 0.327 0.571  0.500 0.707  0.173* 0.136"  14.60 (L) 0.23 (M)
1000 30 0.5 0.161 0.401 0.270 0.510 0.109** 0.109f  4.83(L) 0.14(S)
30 0.7 0.327 0.571 0.485 0.684  0.158* 0.113%"  4.09(L) 0.19(S)
40 0.5 0.162 0.401  0.267 0.502  0.105* 0.101%  3.52(L) 0.13(S)
40 0.7 0.326 0.571  0.477 0.668  0.151* 0.097"  2.87(L) 0.16(S)
20 0.5 0.161 0.401 0.278 0.527 0.116** 0.1251 20.44 (L) 0.16(S)
20 0.7 0.326 0.571  0.500 0.707  0.174* 0.136%  25.03 (L) 0.23 (M)
3000 30 0.5 0.161 0.401 0.280 0.529  0.119* 0.128%  22.15(L) 0.16(S)
30 0.7 0.326 0.571  0.502 0.709 0.176* 0.137%  27.29(L) 0.24 (M)
40 0.5 0.161 0.401 0.281 0.530 0.120* 0.129%  24.67 (L) 0.17(S)
40 0.7 0.326 0.571  0.503 0.709  0.177* 0.138%  27.28 (L) 0.24 (M)
Mean 0.138 0.119

EVR: explained variance ratio; AFL: average factor loading,
*in terms of t-test result it is statistically significant (a<0.05)
fin terms of Fisher’s z-test it is statistically significant (0:<0.05)
(S): Small, (M): Medium, (L): Large

The impact of weighting on CFA results was examined before and after weighing in CFA as well as
EFA.

Findings for Chi-Square Values and Results Obtained from CFA Fit Indexes

The CFI, RMSEA, and chi-square values obtained as a result of the CFA performed before (1-0 item
score matrix) and after the weighting process applied to the item scores matrix are presented in Table
5.

When Table 5 is examined, it is seen that CFI values generally improve after weighting, and
RMSEA and chi-square values tend to decrease. When the differences between CFI values between
before and after weighting are examined, a change is observed between -0.003 (12th row) and 0.311
(1st row). The CFI values increased by an average of 0.112 for all simulation conditions after
weighting. The CFI value was decreased when there were only 1000 subjects, 40 items, and an
average factor loading of 0.7. There seems to be some improvement for all other conditions. When
the average factor loading was 0.5, the improvement in the CFl was higher than the conditions when
it was 0.7. When the sample size and number of item conditions are examined, when the sample size
decreases and the number of items increases it can be said that the weighting tends to increase the
CFI index.
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Table 5. CFA, RMSEA, and Chi-Square Values Obtained from CFA

Slmu!a_t lon 1-0 Scored Results Weighting after Results Difference

Conditions
g @ § % L L Qo
E &5 s & < g < g < <
Z 2 3 gp u g W g w g
= o 2 8= — i — L — L
e 5 85 & & & & 5 5 & 5

n Z L d
1 20 05 0.498 0.076  416.092 0.809 0.069 376.754 0.311 -0.006 -39.338
2 20 0.7 0.824 0.076  419.620 0.932 0.065 354.892 0.108 -0.011 -64.728
3 3 30 05 0.685 0.052 679.066 0.843 0.051 679.724 0.158 -0.001 0.658
4 N 30 0.7 0.869 0.055 718.176 0915 0.056 763.311 0.046 0.001 45.135
5 40 05 0.751 0.042 1063.197 0.846 0.043  1124.488 0.095 0.002 61.291
6 40 0.7 0.877 0.047 1156.833 0.896 0.052 1351.126 0.019 0.005 194.293
7 20 05 0.518 0.074 1102.929 0.822 0.067 941.487 0.304 -0.007 -161.442
8 20 0.7 0.844 0.071 1039.637 0.944 0.059  775.492 0.100 -0.012 -264.145
9 g 30 05 0.715 0.049 1362.145 0.862 0.047 1363.485 0.147  -0.001 1.340
10 230 07 0.900 0.048 1325547 0.933 0.047 1513.180 0.033 0.000 187.633
11 40 05 0.799 0.036 1723.846 0.871 0.038  1989.171 0.071 0.002 265.325
12 40 0.7 0.923 0.037 1735951 0.920 0.041  2550.180 -0.003 0.004 814.229
13 20 05 0.522 0.074 2946.655 0.824 0.067 2462.226 0.302 -0.007 -484.428
14 20 0.7 0.847 0.070 2710.133 0.946 0.058 1917.261 0.099 -0.012 -792.872
15 g 30 05 0.721 0.048 3216713 0.895 0.043  2709.393 0.174  -0.005 -507.320
16 ® 30 07 0.905 0.046 2996.236 0.966 0.038  2192.891 0.061 -0.008 -803.345
17 40 05 0.806 0.036 3583580 0.926 0.032 3064.073 0.120 -0.003 -519.507
18 40 0.7 0931 0.035 3401912 0975 0.029 2596.216 0.044 -0.006 -805.696

Mean 0.112  -0.004 -159.606

When the differences of the RMSEA index between before and after weighting are examined, these
differences are seen to have changed between -0.012 (14th row) and 0.005 (6th row), and the
average value is 0.004. Most of the simulation conditions result in a decrease in the RMSEA value.
The biggest decrease was in the 20-item test with 3000 individuals and with an average 0.7 factor
loading. When the number of samples decreases, and the number of items increases, the difference in
RMSEA values also decreases. While the increase in the number of items for 250 and 1000 sample
sizes resulted in a decrease in RMSEA, RMSEA values was improved for all conditions for 3000
sample size.

When the differences between before and after weighting of the chi-square value are examined, it is
seen that these differences changed between -805.696 (18th row) and 814.229 (12th row). Chi-
square values decreased after weighting in all conditions for the sample sizes of 3000. When the
sample sizes were 250 and 1000, the weighting process caused a decrease in the chi-square values in
20-item tests. However, when the number of items were 30 and 40, chi-square values increased.

Findings for Coefficient of Reliability

The findings for the Cronbach's alpha reliability coefficient obtained as a result of the reliability
analysis conducted before the weighting was applied to item matrix scores (1-0 item matrix scores)
and after applying the weighting process are presented in Table 6.
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Table 6. Cronbach’s Alpha Values Obtained as a Result of Reliability Analysis

Simulation Conditions 1-0 Scored Res_ults_after Difference Cohen’s q for
Results Weighting
Cronbach’s
Sample Number of Average Factor  Cronbach’s Cronbach’s Cronbach’s Alpha
Size Items Loading Alpha Alpha Alpha
20 0.5 0.792 0.882 0.091 0.31 (M)
20 0.7 0.906 0.952 0.0461 0.35(M)
250 30 0.5 0.851 0.952 0.1011 0.59 (L)
30 0.7 0.935 0.962 0.0271 0.28 (M)
40 0.5 0.884 0.930 0.0471 0.26 (M)
40 0.7 0.950 0.970 0.0201 0.26 (M)
20 0.5 0.793 0.884 0.0011 0.31 (M)
20 0.7 0.906 0.952 0.0461 0.35(M)
1000 30 0.5 0.851 0.912 0.0611 0.28 (M)
30 0.7 0.935 0.963 0.0271 0.29 (M)
40 0.5 0.885 0.932 0.0471 0.28 (M)
40 0.7 0.951 0.971 0.020" 0.27 (M)
20 0.5 0.793 0.885 0.0011 0.32 (M)
20 0.7 0.906 0.952 0.0461 0.35(M)
3000 30 0.5 0.852 0.921 0.0691 0.33 (M)
30 0.7 0.936 0.968 0.0321 0.35(M)
40 0.5 0.885 0.940 0.0551 0.34 (M)
40 0.7 0.951 0.976 0.0251 0.36 (M)
Mean 0.052

fin terms of Fisher’s z-test it is statistically significant (0:<0.05)
(S): Small, (M): Medium, (L): Large

When Table 6 is examined, it is seen that the Cronbach's alpha coefficient changes between 0.792
and 0.951 for the non-weighted data sets and between 0.882 and 0.976 for the weighted data sets.
When the differences between before and after weighing are examined, it is observed that they show
changes between 0.020 (6th row) and 0.101 (3rd row). The Cronbach’s alpha coefficients increased
by 0.052 on average for all simulation conditions after weighting. For simulation conditions with an
average factor loading of 0.7, the increase in the Cronbach's alpha coefficient was observed to be
lower than the increase for the simulation conditions with an average factor loading of 0.5. As a
result of the increase of the number of items in the simulation condition, the effect of the weighting
process on the Cronbach's alpha coefficient is decreased. It has been observed that the increase in
sample size generally results in a further increase in the confidence coefficient obtained after the
weighting process. When the sample size and item number were evaluated together, it was observed
that in the cases where the sample size increased, and the number of items decreased, the weighting
process increased the Cronbach's alpha coefficient more. As a result of the Fisher’s z-test performed
to compare the average factor loadings, it was observed that all differences were statistically
significant (a<0.05). When the effect size values were examined, it was observed that differences of
the average factor loadings had a small and medium effect size.

DISCUSSION and CONCLUSION

As a result of the research, it was observed that the proposed weighting method increased the
explained variance ratio by 13.8%. As the average factor loading increases, the effect of the
weighting process on the explained variance increases. Accordingly, the effect of the weighting
process increases when the relationship between the items increases. This differs from the result
obtained by the nominal weighting method used by Ghiselli (1964). The nominal weighting method
decreases the average correlation between the components, and it has been reported that weighted
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scores are more effective in ranking individuals (Ghiselli, 1964). In the current study, as the average
factor loading of the items increased, the explained variance ratio also increased. Accordingly, it is
recommended to use the weighting method used in the current research in tests with high relation
between items.

When the effect of the weighting process on the explained variance ratio is examined, it can be said
that the explained variance ratio also increases when the factor loading, number of items, and sample
increase. When the averages obtained are examined, we do not agree with Guilford (1954) and
Phillips (1943), who argued that item weighting would not be worth the effort. Increasing the ratio of
explained variance in a psychological construct by around 13% is an important gain, and with the
help of computer programs to operate weighting it is not difficult.

When the results of CFA are examined, it can be said that in general the weighting process improves
CFI and RMSEA values. When chi-square values are examined, although there is no improvement
for some models, it is observed that there was a decrease in chi-square values when evaluated as
average. CFA estimation method can cause that result. To provide comparison of weighted and non-
weighted analysis result, ML estimation method was used for CFA. On the other hand, when the
change in the chi-square values which is close to zero, it can be said that the change in CFI values
are quite high. So, it can be stated that there is a better fit in terms of CFI values.

When the reliability analysis results are examined, it is observed that the reliability coefficient on
average increased to the 0.05 level. This result is similar to the research findings of Guilford, Lovell,
and Williams (1942). However, when both EFA and CFA results are evaluated together, it is
believed to be sufficient when the reliability coefficient is not reduced, because the increase in the
number of items also increases the reliability coefficient. All calculated reliability coefficients show
that the weighting results can be used. It is estimated that it may be sufficient for the weighting
process not to have a lowering effect.

According to the results of the research, the weighting method recommended by researchers can be
used by both researchers and policy practitioners. This weighting method contributes to the
construct, but it should not be overlooked that it is being investigated for one-dimensional constructs.
It may be advisable to researchers to investigate how the proposed weighting method produces
results for two-dimensional tests or greater.
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Madde Agirhklandirmanin Giivenirlik ve Gecerlige Etkisi

Girig
Psikolojik alanda kullanilan testlerden elde edilen puanlarin gegerligi, psikolojik 6lgme alaninin en

onemli konular1 arasinda yer almaktadir. Gegerlik, uygulanan testlerden elde edilen puanlarin bir
ozelligi olarak diigiiniilmekte ve semsiye bir kavram olarak yap1 gegerligi altinda toplanabilmektedir.

Yap1 gecerligine yonelik kanit toplama siirecinde genellikle agimlayici ve dogrulayici faktor
analizinden yararlanilmaktadir. Agimlayici faktor analizi (AF A) kovaryans yapilari {izerine kurulmus
olup gozlenen degiskenler arasindaki kovaryans matrisinden daha az sayida gizil degiskenler
(faktorler) elde etmeye yarayan bir tekniktir. AFA’da amag, degiskenlerin olusturdugu kiimenin
faktor yapisini ortaya ¢ikarmaktir. DFA’da ise teorik olarak ortaya konulan kuramsal yapinin test
edilmekte ve analiz Oncesinde Olgiilen degiskenin yapisal Ozellikeri bilinmektedir. Bu nedenle
DFA’da ama¢ O6l¢me aracindan elde edilen Olg¢iimlere dayanarak Ongoriilen faktdr yapisinin
dogrulanmaya ¢alisilmasidir. Yapr gegerligine yonelik kanit toplama siirecinde her iki analizin de
onemi yiiksektir. Nunnally (1978), faktor analizi psikolojik yapilarm o6l¢imunin kalbinde yer
almaktadir diyerek faktor analizinin 6nemi vurgulamaktadir.

Testten elde edilen puanlarin gegerligini artirmak amaciyla farkli 6nlemler alinabilir. Buna 6rnek
olarak d6lgme aracinin gelistirilme asamasinda olgek gelistirme prosediiriinii takip etmek, kuramsal
alt yapiy1 iyi bir sekilde bilmek ve dlgme aracina yansitabilmek, testlerin uygulanma asamasinda
bazi 6nlemlerin alinmasi gosterilebilir. Ancak test uygulandiktan sonra elde edilen puanlar iizerinde
bazi agirliklandirma islemleri ile de testten elde edilen puanlarin gegerliginin artirilabilecegi
diistiniilmiis ve madde agirlikliklandirmasina yonelik aragtirmalar yiiriitiilmiistiir.

Madde agirliklandirmaya yonelik aragtirmalar incelendiginde cogunlukla 1900’14 yillarin ilk
yarisinda yer aldigr goriilmektedir. Madde agirliklandirmayla ilgili olarak Onerilen yontemler
arasinda ¢oklu regresyon yoluyla deger atama, kismi regresyon katsayilarmi atama Guilford (1954),
madde ayiricilik indeksleri ile agirliklandirma Birnbaum (1968), faktor analizini kullanma (Burt,
1950) gibi yontemlerin kullanilmasinin yaninda test varyansmi ya da madde varyansim kullanarak
madde agirliklandirma (Dick, 1965), maddelerin baglantili oldugu icerik dikkate alinarak daha
onemli konularla iligkili olan maddeleri agirliklandirma (Ghiselli, 1964) tek tek maddeler yerine
madde kiimelerinin agirliklandirma seklinde yontemler oneren yazarlarda bulunmaktadir (Gulliksen,
1950). Giiniimiize daha yakin bir ¢aligmada ise Rotou, Headrick ve Elmore (2002) ¢ok boyutlu
madde tepki kurami parametreleri kullanarak maddeleri agirliklandirmay1 ve bireylerin puanlarini
hesaplamak i¢in klasik test kuramindaki toplam puan hesaplamasini kullanmaya dayanan bir hibrit
agirliklandirma yontemi 6nermistir.

Tiirkiye’de agirliklandirmaya yonelik arastirmalar yiriitiilmiis ancak genellikle ¢oktan se¢meli
maddeler i¢in segenek agirliklandirma tizerinde durulmus (Akkus & Baykul, 2001; Erdem, Ertuna, &
Dogan, 2016; Gozen-Citak, 2010; Ozdemir, 2004) madde agirliklandirma iizerinde yiiriitiilen
aragtirmalarin smirli oldugu goriilmistiir (Yurdugiil, 2010). Yurdugil (2010) tarafindan yiiriitiilen
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aragtirmada bireylerin toplam puanlar1 {izerinden degerlendirme yapilmistir. Mevcut arastirmada ise
yap1 gegerligine yonelik arastirmada bulunulmustur.

Yontemler genel olarak degerlendirildiginde, Guilford (1954) ve Phillips (1943) madde
agirhiklandirma i¢in harcanan emege degmeyecegini belirtmistir. Ancak madde agirliklandirmayla
testten elde edilen sonuglarin gecerligi ve giivenirliginin artirtlmasinin yaninda bireyler arasindaki
farki da maksimize etmesi gerektiginden (Horst, 1936) bireyleri daha iyi ayirmayi saglayacaktir.
Gliniimiizde bilgisayar teknolojisinin olduk¢a gelismis olmasi madde agirliklandirma islemine
harcanacak emegi de azaltacagindan gecerlik ve giivenirlige asir1 katki yapmasa bile kismi katkilari
sebebiyle kullanilmasi 6nerilebilir.

Madde agirliklandirmanin sonuglar1 genel olarak incelendiginde, kisa testler icin maddelerin farkli
agirhiklandirmanin daha verimli oldugu, madde sayismin 10 ila 20 arasinda oldugunda madde
agirliklandirmanin ¢ok az etkili oldugu (Ghiselli, 1964), uzun testler i¢inse en iyi agirliklandirmanin
tim maddeler i¢in 1 olarak secilmesi oldugu belirtilmektedir. Maddeler arasi korelasyonlarin
ortalamasi diisiik oldugunda madde agirliklandirmanin daha iyi sonuglar verdigi (Guilford, 1954) ve
testteki bilesen sayis1 azaldik¢a maddeleri farkli puanlamanin esit agirliklandirma yoluyla elde edilen
toplam puana (Ornegin, dogru cevap icin 1, yanls cevap i¢in 0 puan vermek ve dogru cevap verilen
maddeleri toplamak gibi.) gore bireyleri siralama iizerinde daha etkili oldugu ifade edilmistir
(Ghiselli, 1964).

Madde agirliklandirmanin testten elde edilen sonuglarin gegerligini ve giivenirligini artirict etki
yapmasi ve bu nedenle de acik¢a 6nem arz etmesine ragmen ¢ok az sayida ¢alismada kullanilmasi
Burt (1950) tarafindan da sasirtici olarak ifade edilmistir. Giiniimiizde madde agirliklandirmanin
etkilerine yonelik olarak vyiiriitillen arastirmalarm smirlh olmasi nedeniyle bu arastirmada
arastrmacilar tarafindan gelistirilen madde agirliklandirma yontemi farkli kosullar altinda
incelenmistir. Arastrmada “Madde agirliklandirmanin testin gegerlik ve giivenirligine etkisi
nasildir?” sorusuna yanit aramak amaciyla i) 6nerilen madde agirliklandirma yontemiyle elde edilen
doniistiiriilmiis madde puanlar1 matrisi lizerinden yiiriitiillen AFA sonucunda agiklanan varyans orani
nasil degismektedir?, ii) Onerilen madde agirliklandirma yontemiyle elde edilen doniistiiriilmiis
madde puanlar1 matrisi {izerinden yiiriitiilen DFA sonucunda CFI, RMSEA ve ki-kare degerleri nasil
degismektedir?, iii) Onerilen madde agirliklandirma yontemiyle elde edilen doniistiiriilmiis madde
puanlari matrisi iizerinden yiiriitiilen giivenirlik analizi sonucunda Cronbach Alfa giivenirlik
katsayis1 degerleri nasil degismektedir? Sorularina yanit aranmistir.

Ydntem

Arastirmacilar tarafindan Onerilen agirliklandirma ydnteminin testin gecerlik ve gilivenirligi
tizerindeki etkisinin incelenmesi amaciyla Monte Carlo simiulasyon calismasi yiiritilmiistir.
Arastirmanin verileri, kategorik veri tlrlerinin goklugu ve ayri ¢aligilmasi gerektigi diistincesiyle 1-0
puanlamayla smirlandirilmistir. Diger bir smrlilik ise veri setlerinin tek boyutlu Gretilmesidir.
Bunun nedeni ise ¢ok boyutlu verilerde veri tiirii, boyut sayisi, boyutlar arasi iligkiler, boyutlardaki
madde sayilar1 vb. gibi bir¢ok kosulu bir arada ele almanin ¢aligmay1 amacindan uzaklastirabilecegi
diisiincesidir.

Simiilasyon kosulu olarak 6érneklem biiyiikliigi (250, 1000 ve 3000), madde sayis1 (20, 30 ve 40) ve
ortalama faktor yiikii (0.5 ve 0.7) ele almmustir. Orneklem biiyiikliigii olarak kiiciik, orta ve biiyiik
olacak sekilde orneklemler olusturulmustur. Agirliklandirma sonrasinda madde sayismin, faktor
analizi ve puanlarin giivenirligine etkisini incelemek icin madde sayisi da simiilasyon galigmasina
kosul olarak eklenmistir. Faktor yiikleri ortalamasi da tek boyutlulugun giiclii ya da zayif olmasi
durumunda agirlandirmanin etkisini gérmeyi saglayacagi diisiincesiyle ele alinmstir. Biitiin kosullar
ele alindiginda toplamda 18 simiilasyon kosulu arastirilmig ve her bir kosul i¢in 1000 replikasyon
yapilmustir.

Arastirmada kullanilan agirliklandirma ydnteminde,
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_ (xij + madde guvenirlik indeksi, p; + [; 2 1

fonksiyonu kullanilmistir. Burada pi, i maddesinin madde gii¢liigiinii, I; ise j. bireyin ortalama
puanini ifade etmektedir. Yani;

i

I; = ?=1;l (2)
seklinde ifade edilebilir. Burada X, bireyin i. maddeden aldigi puan1 (0 ya da 1), n ise toplam madde
sayisini ifade etmektedir. Boylece her bireyin ortalama puam hesaplanmaktadir. Buna gére bireyin
ortalama puaninin 0 ile 1 arasinda deger alacagi sOylenebilir.

Agirliklandirma fonksiyonu parcali fonksiyon olarak tanimlanmigtir. Fonksiyon incelendiginde xij, j
bireyinin i maddesine verdigi yanit1 ifade etmektedir. Buna gore j bireyinin i maddesine verdigi yanit
1 ya da 0 degerinin alabilir. Parcali fonksiyonun kurallar1 incelendiginde eger bireyin testten aldigi
ortalama puan yani I ile i maddesinin madde giigliik indeksinin toplami 1 ve daha biiyiikse o zaman
bireyin madde puanina (0 ya da 1) i maddesinin madde giivenirlik indeksi eklenmektedir. Eger bu
toplam 1°den kiigiikse bu durumda bireyin madde puani aynen korunmaktadir.

Madde agirliklandirma fonksiyonunun Denklem 1’de belirtilen sekilde tanimlanmasinin amaci,
0lgme sonuglarina karigan tesadiifi hatay: diizeltmeye caligmaktir. Fonksiyon incelendiginde basarili
bir bireyin kolay bir soruya dikkatsizlikle veya farkli tesadiifi hata kaynaklar1 nedeniyle verdigi
cevabin diizeltilmesi esasina dayanmaktadir. Aymi sekilde diisiik basarili bir birey de kendi
cevaplayabilecegi madde giigligii i¢in diizeltme puani alabilmektedir.

Sonuc ve Tartisma

Arastirma sonucunda 6nerilen madde agirliklandirma yénteminin agiklanan varyans oranini ortalama
%13.8 artirdigl gozlenmistir. Ortalama faktor yiikii arttikga agirliklandirma isleminin agiklanan
varyans iizerindeki etkisi artmmstir. Buna gbére maddeler arasindaki iliski arttikca agirliklandirma
isleminin etkisinin arttig1 soylenebilir. Bu sonu¢ Ghiselli (1964) tarafindan belirtilen nominal
agirliklandirma ydnteminden elde edilen sonugla farklilagmaktadir. Nominal agirliklandirma
yonteminde bilesenlere farkli agirlikliklar atanmaktadir. Ghiselli (1964) tarafindan belirtilen nominal
agirliklandirma yontemiyle bilesenler arasi ortalama korelasyon azaldikca agirliklandirilmig
puanlarin bireylerin siralanmasinda daha fazla etkili oldugu raporlanmistir. Mevcut arastirmada ise
maddelerin ortalama faktor yiikii arttik¢a agiklanan varyans orammnin da arttigi gozlenmistir. Buna
gore maddeleri arasindaki iligkileri yiiksek olan testlerde mevcut arastirmada kullanilan
agirliklandirma yonteminin kullanilmasi 6nerilebilir.

Agirliklandirma isleminin agiklanan varyans oranina etkisi incelendiginde faktor yiikii, madde sayis1
ve orneklem arttik¢a agiklanan varyans oranin da arttigi sOylenebilir. Guilford (1954) ve Phillips
(1943) harcanan emege nazaran elde edilen iyilesmenin 6nemsiz oldugunu vurgulamistir. Ancak
mevcut arastirmadan elde edilen ortalamalar incelendiginde madde agirliklandirma yoénteminin
kullanilmasinin harcanan efora degecek sonuglar ftirettigi disiiniilmektedir. Diger bir deyisle
kullaniglik agisindan arastirmada Onerilen agirliklandirma yonteminin 6nerilebilecegi sdylenebilir.
Bir psikolojik 6zellikteki agiklanan varyans oranini %13 civarinda arttirmak onemli bir kazangtir ve
artik bilgisayar programlarinin da yardimiyla agirliklandirma yapmak ¢ok da zor olmamaktadir.

Dogrulayici faktor analizi sonuglari incelendiginde ise genel olarak agirliklandirma isleminin CFI ve
RMSEA degerlerinde iyilesme sagladigi soylenebilir. Ki-Kare degerleri incelendiginde bazi
modeller i¢in iyilesme olmadigi gozlense de ortalama olarak degerlendirildiginde ki-kare
degerlerinde de bir diisme oldugu gézlenmistir.
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Giivenirlik analizi sonuglar1 incelendiginde ise ortalama olarak 0.05 diizeyinde gilivenirlik
katsayisinin ylikseldigi gozlenmistir. Bu sonu¢ Guilford, Lovell, & Williams (1942) arastirma
bulgulariyla da benzerdir. Ancak AFA ve DFA sonuglar birlikte degerlendirildiginde giivenirlik
katsayisinin azalmamasiin yeterli olabilecegi diisiiniilmektedir. Ciinkii madde sayisinin artmasi
guvenirlik katsayisini da arttirmaktadir. Hesaplanan tiim giivenirlik katsayilar1 agirliklandirma
sonuglarinin kullanilabilecegini gostermektedir. Agirliklandirma igleminin giivenirligi diistiriicii bir
etki yapmamasinin yeterli olabilecegi degerlendirilmektedir.

Aragtirma sonuglarma gore arastirmacilar tarafindan Onerilen agirliklandirma ydnteminin
kullanilmas1 hem arastirmacilara hem de politika uygulayicilarma onerilebilir. Yapi gegerligine katki
sunan bu agirliklandirma yonteminin tek boyutlu yapilar igin arastirildigi gézden kacirilmamalidir.
Arastirmacilara iki yada daha ¢ok boyutlu testler igin Onerilen agirliklandirma yonteminin nasil
sonuclar tirettigini arastirilmasi Onerilebilir.
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