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Correct application of the classical factorial F-test depends on normality and homogeneity of
variance assumptions. If these assumptions are violated the type I error rate will be inflated and
power of the test will be decreased. Therefore nonparametric statistical tests have been proposed
to analyze the interaction effects in factorial designs. A simulation was conducted to investigate
the effect of non-normality on type I error rate and power of the test of the classical factorial F-
test and five nonparametric tests namely rank transformation (FR), Winsorized mean (FW),
modifies mean (FM), adjusted rank transform (ART) and adjusted median transform (AMT)
using program SAS 9.4 with 1,000 replications. The study used 2x2 factorial design with
replications of 3, 4 and 6 making sample sizes of 12, 16, and 24, respectively and 3x3 factorial
designs with replication of 3 making a sample size of 27 studied at 0.05 level of significance. As
a results, when the normality of assumption is satisfied all six statistical tests have the ability to
control type I error in all situations. The ART test cannot control type I error rate for 3x3 factorial
design when sample size is 27 when normality assumption is violated. For power of the test, the
F-test provided the highest test power when the normality of assumption is met. The ART and
AMT tests provided approximately the same test power. The AMT and ART tests can be
effectively used to analyse the interaction effect between factors A and B in 2x2 factorial design
when the sample size is 12 and 16 or 24 respectively and the normality of assumption is not met.
Moreover, the results showed that when sample sizes increased, all six statistical tests tended to
increase the power of the test.

© 2018 by the authors; licensee Growing Science, Canada.

1. Introduction

Factorial design is used to study the effect of factors on the characteristics of an interest. It is important
to recall that the significant of the main effects and interactions are independent. An interaction is the
effect that a combination of two or more factors has on the expected value of the response variable. In
terms of the parametric perspective, the problem of testing the main effects and interactions are
analyzed with Analysis of variance (ANOVA) model. The valid application of the ANOVA F-test
depends on assumptions, namely that the observations are independent, the distributions of error are
normal, and the observations have homogeneity of variance. In practice, violations of these assumptions
are commonly stated many restudies such as O’Gorman (2001). If these assumptions are not met, then
the type I error will deviate from the nominal level and this will decrease the power of the test.
Therefore, nonparametric approach should be considered to be alternative methods to classical factorial
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F-test. The purpose of this study is to compare the classical factorial F-test and five nonparametric tests
namely rank transformation (FR), Winsorized mean (FW), modified mean (FM), adjusted rank
transform (ART) and adjusted median transform (AMT) for testing the interaction effects in factorial
designs by considering their abilities to control type I error and the power of the tests when the
normality assumption is not satisfied.

2. Methodology
2.1 Simulation

A simulation study was conducted to investigate the effect of non-normality on type I error rates and
test power of the classical factorial F-test (F), rank transformation (FR), Winsorized mean (FW),
modified mean (FM), adjusted rank transform (ART) and adjusted median transform (AMT) for
testing 2x2 and 33 interaction effects in factorial designs. The model for this study is as follows,

Yijk= 1+ o + By + (aB)ij + &jjks (1)

where, Yijk is experimental response, W is general mean, a; is main effect of factor A, B; is the main

effect of factor B, (af)j; is the interaction effect between factor A and B and gy are random error

terms. We generate data using program SAS 9.4 with 1,000 replications under the scope of the research
as follows:

1. Determine distributions of observations as:
(i) Normal distribution with mean 0 and variance 1
(i1) Chi-square distribution with 5 degree of freedom
(iii) t distribution with 2 degree of freedom

2. Determine replications according to levels of factors as:
(1) 2x2 factorial designs: replications of 3, 4 and 6, making sample sizes of 12, 16, and 24,
respectively.
(i1) 3x3 factorial designs: a single replication of 3, making a sample size of 27.
Note: Only balanced design (equal number of replications in each cell) is considered.
3. Determine significance level at 0.05

4. The effect of treatment is fixed to test the hypothesis:
H, : (aB); =0 (There is no interaction between factors A and B)

H, : (af); # 0 (There is interaction between factors A and B)

There are 2 cases:
1) The null hypothesis is true: set each parameter as:
(1) 2x2 factorial designs
The effect of treatment A: o; = a, = 0
The effect of treatment B: 3; =, =0
(i1) 3x3 factorial designs
The effect of treatment A: ; = a; = a3 =0
The effect of treatment B: 3; = 3, =3 =0
2) The null hypothesis is not true: set each parameter as:
(1) 2x2 factorial designs
The effect of treatment A: o; = —1,0, =1
The effect of treatment B: ; = 1,3, = —1
(i1) 3%3 factorial designs
The effect of treatment A: oy = —1,a, = 05,03 = 0.5
The effect of treatment B: 3, = 2,8, =—-1,33 = —1
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All five statistics and classical factorial F- statistics were computed. It was determined whether H

would be rejected for interaction effect at the significance level of 0.05 and repeat 1000 times in each
situation. We calculate the approximations of the probability of type I error and the percentages of the
power of the test as follows,

o the number of reject Hy , when His true @)
Probability of type I error = ,
1000
Percentage of power of the test 3)
the number of reject Hy , when Hyis not true.
= 1000 x 100.

To assess the ability to control type I error, Bradley (1978) criterion was applied. According to this
criterion, the actual type I error rate of a test has to be in the range of 0.025-0.075 when testing at the
0.05 level. In this study, a test would be considered to have the ability to control type I error, if its
empirical type I error rate falls within the interval [0.025, 0.075]. We consider only statistical tests
which have the ability to control type I error, if a statistical test has the highest power of the tests and
assume that this statistical test is the most effective.

2.2 Statistical Tests

The statistical tests for interaction effects between two factors in this study are examined next.

2.2.1 Classical factorial F-test (F)

The total corrected sum of squares for two-way factorial F- test can be written as:

a b r
- 4
SSTOtal = Z ZZ(YUk_Y)Z ) ( )
i ] k

_where Yijx denotes the observation measured from replication k (number of replications), i levels
(factor A) andj levels (factor B). Y denotes general mean for two way interactions.

Sum of squares for two-way factorial design are calculated as follow,

a b
- 2
SScen =T ZZ(YU.‘Y-”) )
i

SSError = SSTotal'SSCell ’ (6)

7
SS, = 1b <Z(?i“-?“)2>, 7
1 (8)
ra Z(?.j.'?...)z ,
j

SSap = SScen-(SSA+SSs), )

)

SSp

where SSt.,; denotes the total sum of squares, SS,g is the sum of squares for interaction of factor A
and B, SSc; gives the sum of squares for cells or sub-groups, SS, represents the sum of squares for

factor A, SSy provides the sum of squares for factor B and SSg,,,, is considered for the error sum of
squares.
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F statistic is computed as F = ————— . (10)
IVISError
SSaB _ _ SSError
where MS \g=——— denotes the mean square for interaction and MSg; o, =———— denotes the
DI:AB DI:Error

mean square for error. The F- test statistic distributed as F-distribution with DF,g= (a-1)(b-1) which
is the degree of freedom for interaction and DFg,,,, = ab(r-1) which is the degree of freedom for error
term, (Montgomery, 1997).

2.2.2 Rank transformation test (FR)

The rank transformation has been introduced by Conover and Iman (1976). This procedure is just the
usual parametric procedure applied to rank of the data. Conover and Iman (1981) stated that the rank
transformation procedure is robust and powerful in two way factor with a test for interaction when
replication effect are present. From the study of Olejnik and Algina (1985), rank transformation has
been recommended as an alternative to factorial F-test, especially when normality assumption is not
met. The steps of FR are: (i) rank all observations (Yij) by assigning one to the smallest and # to the
largest. If ties are present, the average rank is assigned to all tied observations. Then, we replace each
observation by its rank, (ii) classical factorial F-test on the ranks is used. Therefore, the corrected total
sum of squares can be written as:

_ 2 (11)
SS1otal = ZZ%(Yijk _YR...) :
P

where Yy denote general rank mean.

Computations of the sum of squares for main effects, interaction effect and error for the rank
transformation procedure are the same as the classical factorial F-test. In this case, the rank
transformation procedure test statistics are computed as follows,

RMS g 12)

FR=———,
RIVISError

where RMS g denotes the mean square for interaction computed based on ranked observations and

RMSg,o, is the mean square error computed based on ranked observations, respectively.

2.2.3 Winsorized mean test (FW)

Winsorized mean procedure has been studied by Wilcox (1996). It is a robust estimator of the
population mean when there are outliers in the sample. The Winsorized mean is computed after the &
smallest observations are replaced by the (k+1)st smallest observations, and the & largest observations
are replaced by the (k+1)st largest observations. The steps of Winsorized mean approach are: (i) rank
all observations in each treatment combination. (ii) replace the smallest observation in each treatment
combination (position: r = 1) by the second smallest (position: r = 2) and replace the largest observation
(position: r =r) by the second largest (position: r =r-1). For example, treatment combination albl has
15, 17, 18, 19, 20, the result is 17, 17, 18, 19, 19. (iii) sums of squares are computed using general
Winsorized mean by replacing the general arithmetic mean, (iv) the classical factorial F- test is applied
on the general Winsorized mean. Therefore, the corrected total sum of squares can be written as follows,
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—  \2 (13)
SS1otal = ZZ%(Yijk _YW...) :
P

where Yy, _denotes general Winsorized mean. Computation of the sum of squares for the main effects,

interaction effect and error for the Winsorized mean procedure are the same as for the classical factorial
F-test. Thus, test statistics for the Winsorized mean are computed as follows,

WMS g (14)
WMSeror ,
where WMS,g is the mean square for interaction computed based on Winsorized mean and WMSg,,,
is the mean square error computed based on Winsorized mean.

2.2.4 Modified mean test (FM)

Mendes and Yigit (2013) presented the procedure of the modified mean. This procedure is computed
by dividing the rank data set into two groups as Set 1 and Set 2. Then the arithmetic means of both

groups are calculated as Yger; and Yserp, respectively. We replace Ygerg with the smallest number

and replace ?Setz with the largest number. The modified mean test is obtained as follows: (i) rank all
observations in each treatment combination, (ii) calculate the smallest adjusted average (EK;;) and

calculate the largest adjusted average (EB;;), where EKj;denotes the average of observations which are

lower than Yj; and EBj; denotes the average of observations which are greater than 3_(11- (iii) in each
treatment combination, replace the smallest observation by EKj; and the largest observation by EB;;.

Afterwards, the mean of modified data set are calculated. Computations of the sum of squares for main
effects, interaction effect and error for the modified mean, the procedure are the same as the classical
factorial F-test. Therefore, the corrected total sum of squares can be written as follows,

- \2 (15)
SSTotal = 2.2 % (Yijk - YM...) :
1]
where Yy, denote general modified mean.
Test statistics for the modified mean are computed as below:
MMS a5 (16)

M= —————
MMSgrror
where MMS 5z denotes the mean square for interaction computed based on the modified mean

observations and MMSg,, . denotes the mean square error computed based on modified mean.

2.2.5 Adjusted rank transform test (ART)

ART is based on the rank transformation introduced by Conover and Iman (1981). Wobbrock et al.
(2011) presented the aligned rank transform for nonparametric factorial data. The method consists
aligning the observation before assigning the rank and analyses the adjusted data with classical F-test.
The main idea of ART is to remove the unwanted effects from the response variable in order to study
one effect at a time. Kelley and Sawilowsky (1997) found good results for the adjusted rank transform
test and indicated that the test aligned by means had superior power when compared with the classical
F-test if the distribution is heavy tailed or skewed. The procedure of adjusted rank transform test are:

(i) subtract the average of all observations in level i from factor A (\_(i“)and the average of all
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observations in level j from factor B (3_( i ) Thus, the adjusted value is Yijk - 3_('1 - 3_( j. (i) rank all

adjusted values, if ties are present, the average rank is assigned to all tied observations, then, replace
observations by rank of observations. (iii) using the rank of observation compute the sum of squares
for main effects, interaction effect and error for the adjusted rank transform test in the same process as
that for the classical factorial F-test.

2.2.6 Adjusted median transform test (AMT)

AMT is also based on the rank transformation introduced by Conover and Iman (1981). The procedure
of AMT is developed from the idea of the ART using the median instead of mean by following the
suggestion of Sawilowsky (1990) who recommended for using alignments other than the mean for
further study of the aligned rank transform test for interaction. The procedures of adjusted median

transform test are: (i) subtract the median of all observations in level i from factor A (\?i“)and the

median of all observations in level j from factor B (Y j.) . Thus, the adjusted value is Yjji — 3?1 - 3? i

(i1) rank all adjusted values, if ties are present, the average rank is assigned to all tied observations,
then, replace observations by rank of observations. (iii) using the rank of observation compute the sum
of squares for main effects, interaction effect and error for the adjusted median transform test in the
same process as that for the classical factorial F-test.

3. Research Results

3.1 The ability to control type I error

Table 1 shows the empirical type I error rates of the classical factorial F-test and five nonparametric
tests namely rank transformation (FR), Winsorized mean (FW), modifies mean (FM), adjusted rank
transform (ART) and adjusted median transform (AMT) where two-way factorial designs are used for
significant level 0.05. The results show that for 2x2 factorial design all five statistical tests and classical
factorial F-test have the ability to control type I error for all distribution. Thus all six statistical tests are
robust to the normal assumption condition. The results for 3x3 factorial design show that when the
normal assumption is violated, ART does not have the ability to control the type I error rate. However,
all six statistical tests still have the ability to control type I error rate for the t distribution that is all six
statistical tests still robust when the distribution is symmetry or not much deviate from the normal.
Furthermore, the increase in the number of replication has positively affected keeping type I error rates
at nominal level. When the level of factors A and B increased ART test tended to decrease the ability
to control type I error.

3.2 Power of the test

To consider the power of the test, the results in Table 2 show that for 2x2 factorial design the classical
F-testand FW test provided approximately the same test power while ART test and AMT test provided
approximately the same test power. The classical F-test provided the highest test power for all number
of replications when the normality assumption holds. While the distributions are Chi-square and t
distribution, AMT test provided the highest test power when the sample size is 12 and ART test
provided the highest test power when the sample size is 16 or 24. For 3x3 factorial design classical F-
test and FW test provided approximately the same test power. F-test and FW test have the highest test
power when the normality assumption is satisfied. While the distribution are chi-square and t
distribution, ART test provided the highest test power. Moreover, the result show that when sample
sizes increased, all six statistical tests tended to increase the power of the test.
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Table 1
The empirical Type I error rate for the six statistical tests
n axb Null}bel: of Distribution of _ Statistical test
replications error F FR FW M ART AMT
Normal 0.065 0.065 0.054 0.049 0.064 0.053
12 2x2 3 Chi-square 0.040 0.054 0.040 0.036 0.049 0.053
t 0.044 0.050 0.044 0.042 0.052 0.053
Normal 0.050 0.050 0.049 0.046 0.055 0.049
16 2x2 4 Chi-square 0.043 0.051 0.042 0.037 0.063 0.057
t 0.048 0.057 0.047 0.042 0.052 0.048
Normal 0.045 0.054 0.045 0.044 0.045 0.050
24 2x2 6 Chi-square 0.046 0.052 0.045 0.044 0.056 0.055
t 0.046 0.050 0.046 0.044 0.055 0.053
Normal 0.053 0.060 0.052 0.047 0.056 0.060
27 3x3 3 Chi-square 0.057 0.064 0.056 0.053 0.085* 0.072
t 0.052 0.064 0.052 0.048 0.064 0.070

Note: *means the statistical test cannot control type I error.

Table 2
Power of the test for the six statistical tests
n axb Number of Distribution of Statistical test
replications error F FR FW FM ART AMT
Normal 0.867 0.404 0.867 0.851 0.859 0.860
12 2x2 3 Chi-square 0.405 0.271 0.402 0.361 0.429 0.452
t 0.724 0.370 0.721 0.701 0.709 0.734
Normal 0.952 0.567 0.951 0.948 0.950 0.947
16 2x2 4 Chi-square 0.522 0.392 0.521 0.481 0.584 0.582
t 0.835 0.545 0.835 0.817 0.854 0.824
Normal 0.999 0.861 0.999 0.999 0.996 0.995
24 2x2 6 Chi-square 0.668 0.592 0.664 0.632 0.786 0.765
t 0.950 0.805 0.950 0.944 0.965 0.965
Normal 0.982 0.453 0.982 0.977 0.971 0.719
27 3x3 3 Chi-square 0.460 0.281 0.458 0417 0.540 0.452
t 0.823 0411 0.822 0.804 0.847 0.844

Note: bold number means the statistical test has the the highest test power.

Table 3
Summary of results for the six statistical tests
Number of e e e Statistical test
" axb replications Distribution of error  —o"""b 0™ oW FM__ART MED
Normal (1) *k * % (1) * %k * %k
12 2%2 3 Chi-square ** *k ** ** *x (1)
Normal (1) k% k% P P P
16 2x2 4 Chi-square *ok ** *k *ok (1) *k
t *% k% k% *% (1) k%
Normal (1) ok (1) (1) ok ok
24 2x2 6 Chi-square ok ok ok ok (1) o
t k% k% sk sk (1) (1)
Normal (1) *k *% (1) *k *k
27 3x3 3 Chi-square *x *k ** % (1) *x
t *3k k3 *3k *3k - (1 )

Note: - means the statistical test does not have the ability to control type I error.
** means the statistical test has the ability to control type I error.
(1) means the statistical test has the ability to control type I error and has the highest power.
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4. Conclusion and Discussion

O’Gorman (2001) presented that some nonparametric tests could be used in place of classical F-test
when normality assumption is not satisfied. However the performance of these nonparametric tests may
differ based on the experiment condition such as distribution, number of factors, number of replications,
etc. In general the parametric factorial F-test would recommend if the normality assumption is not
violated because it provides the greatest power and would hold the type I error rate at nominal level. In
this study, the results have shown that the classical F-test had the ability to control type I error rate and
had the highest test power when the normality assumption was satisfied. However, one can conclude
that the shape of the distribution did not affect the ability to control type I error much but the level of
factors A and B and the number of replications did. As the level of factors A and B or the number of
replications increased, ART test tended to decrease the ability to control type I error. To consider the
power of the test, the F-test provided the highest test power when normality assumption was satisfied,
if the assumption of normality is suspicious AMT test and ART test are recommended. The ART test
is an alternative nonparametric statistical test for testing the interaction effect between factors A and B
in 2x2 factorial designs when the sample size is 16 or 24 and the distribution of error is Chi-square.
The AMT test is recommended for testing the interaction of 3x3 factorial designs when the sample size
is 27. Sample size affected the power of the test; when the sample size increased, all six statistical tests
tended to increase the power of the test.

References

Bradley, J. V. (1978). Robustness. British Journal of Mathematical and Statistical Psychology, 31,
144-152.

Conover, W., & Iman, R. L. (1976). On some alternative procedures using ranks for the analysis of
experimental designs. Communications in Statistics-Theory and Methods, 5(14), 1349-1368.

Conover, W. J., & Iman, R. L. (1981). Rank transformations as a bridge between parametric and
nonparametric statistics. The American Statistician, 35(3), 124-129.

Kelley, D. L. and Sawilowsky, S.S. (1997). Nonparametric alternatives to the F-statistics in analysis
of variance. Journal of Computer Simulations, 58, 343—-359.

O’Gorman, T. W. (2001). A comparison of the F-test, Friedman’s test, and several aligned rank tests
for the analysis of randomized complete blocks. Journal of Agricultural, Biological, and
Environmental Statistics, 6(3), 367-378.

Montgomery, D. C. (1997). Design and analysis of experiments. 4th edn, John Wiley & Sons, Inc.,
New York, USA.

Olejnik, S. F., & Algina, J. (1985). A review of nonparametric alternatives to analysis of
covariance. Evaluation Review, 9(1), 51-83.

Sawilowsky, S. S. (1990). Nonparametric tests of interaction in experimental design. Review of
Educational Research, 60(1), 91-126.

Wilcox, R. R. (1996). A note on testing hypotheses about trimmed means. Biometrical Journal, 38(2),
173-180.

Mendes, M., & Yigit, S. (2013). Type I error and test power of different tests for testing interaction
effects in factorial experiments. Statistica Neerlandica, 67(1), 1-26.

Wobbrock, J. O., Findlater, L., Gergle, D., & Higgins, J. J. (2011, May). The aligned rank transform
for nonparametric factorial analyses using only anova procedures. In Proceedings of the SIGCHI
conference on human factors in computing systems (pp. 143-146). ACM.

© 2019 by the authors; licensee Growing Science, Canada. This is an open access article
@ distributed under the terms and conditions of the Creative Commons Attribution (CC-BY)
license (http://creativecommons.org/licenses/by/4.0/).





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


