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Abstract: Directional data analysis method is used in the observed values that are obtained angularly. In
this technique, every observation obtained as an angular data type is located on the unit circle axis and a
mean vector in relation to the data is formed. The statistical computations are obtained through that mean
vector. In this study, some of the basic directional statistical methods are aimed to be analyzed. In
accordance with this purpose, the angles between teats are measured six times in the mornings before
milking the goats during the lactation period. Some directional statistics were obtained from this analysis
by these teat angles measurements were analyzed. As a consequence, the length of mean vector increased
while the circular variance was decreasing. The lowest variance and the maximum length of the mean
vector are obtained in the 6" test milking. In addition, according to the Watson-Williams F test, which is
used to determine whether there is a difference between the mean angles, the differences between the
mean angles of test milking 5 and 6 are found to be statistically important (p<0.05) and the mean angles
decrease through the end of the lactation period.
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Yonlii Veri Analizi ve Bir Uygulama

Ozet: Yonlii veri analiz yontemi, agisal olarak elde edilen gozlem degerlerine uygulanir. Yontemde,
acisal veri tipinde elde edilen her gdzlem birim ¢ember ekseni {izerine yerlestirilir ve verilere ait bir
ortalama vektor elde edilir. Istatistiksel hesaplamalar bu ortalama vector iizerinden yapilir. Bu calismada,
bazi temel yonlii veri analiz yontemlerinin incelenmesi amaglanmistir. Bu amag¢ dogrultusunda kegilerin
meme baglart arasi agilari, sabah sagimlarindan once laktasyon periyodu boyunca toplamda alti kez
yapilan siit kontrollerinde alinmigtir. Meme baglart arasi agisal dl¢limler, bu analiz yontemiyle analiz
edilerek bazi yonlii istatistikler elde edilmistir. Sonug olarak, ortalama vektor uzunlugu arttik¢a dairesel
varyans azalmistir. En diisiik varyans ve en yiiksek ortalama vektér uzunlugu 6. test sagimindan elde
edilmistir. Ayrica ortalama agilar arasinda farklilik olup-olmadiginin belirlenmesinde uygulanan Watson-
Williams F testi sonuglarina gore, 5. ve 6. test sagimlarinin ortalama agilari arasindaki farklilik
istatistiksel olarak énemli (p<0.05) bulunmus ve laktasyonun periyodunun sonuna dogru ortalama agilar
azalmistir.

Anahtar kelimeler: Yonli veri analizi, dairesel 6l¢ek, dairesel istatistikler, meme baslar1 aras1 ag1
Introduction

Directional data analysis is the subfield of the statistics (Berens and Velasco 2009). The observations
obtained from the directional data cannot be analyzed with standard statistical methods. It is because that
kind of data inherently are circularly structured and they are located on the 360 degree axis (Agar 2010).
The measuring instruments used to get such data are clock, compass and protractor. Every observation
obtained by this way is located on unit circle (Gaile and Burt 1980). The observations of different data
types (like day or month) can be transformed into angles. For instance, time arrivals of the patients going
to the accidents unit of a hospital in 24 hours, directions of the winds on a daily basis, directional
movements of the animals, directions of the bees after a stimulus in a hive or migration directions of the
birds (Mardia and Jupp 2000; NCSS 2012). Traditional statistical methods may not characterize enough
the statistical specifications of the data obtained from the circularly scaled variables (Mahan 1991). For
example, the arithmetic mean of 10°, 30° and 350° is 130° and they show south east as the geographical
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direction. However, when all the directions are located on circle, they show a direction towards the north.
Therefore, the calculated classic arithmetic mean may lead a wrong direction. In this case, using special
methods such as directional data analysis methods instead of the classic methods is more appropriate to
determine the angular measures (Gaile and Burt 1980; Mahan 1991; Jones 2006; Berens and Velasco
2009). In this study, some of the basic directional data analysis methods are aimed to be analyzed.

Material and Methods

Animal Sampling

Thirty Akkeci crossbred goats used as material in the research began to be milked after kids weaned.
Udder measurements and milk controls were performed for 6 times with intervals of two weeks until the
end of the lactation period. The angle between right and left teats among the measurements were used in
this study. The measurements were taken in the morning and immediately before milking the animals. No

further measurement was taken prior to evening milking. Teat angle were measured according to Kor et
al., 2004.

Statistical Analysis

Directional basic statistics
To calculate the mean angle, the cartesian coordinates (C , S) of the data points must be computed;

o 1< _ 18
C==>cos¢,S==)sing,
) Nz
Mean angle (&) is the solution of the equations,
C =Rcosd , S =Rsing,
These values allow for the computation of the length of the mean vector ( R ),

ﬁ:((TZJrS_Z)}/2 ,0<R<1
When the data points equally distributed on the circle, length of mean vector becomes “’0’’. However,
when the data points are on the same location, length of mean vector is *’1°*. The mean angle (&) is,
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Note that in the context of circular statistics & does not mean (6’1 +""+(9%) (Mardia and Jupp

|
I

2000). Circular variance is used as a measure of dispersion around the mean vector. The simplest of these
is the sample circular variance defined as,

V=(@0-R),0<VvV<1

(Mahan 1991; Mardia and Jupp 2000; NCSS 2012).

Watson-Williams F-test is used to determine statistical different between two or more mean angles .
Watson-Williams test is a modification of the linear F test (Mahan 1991; Mardia and Jupp 2000; Hassan
et al. 2009).

Results and Discussion

In Table 1, circular descriptive statistics of angles between right and left teats obtained for six test milking
were given.

Table 1. The results of circular descriptive statistics
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Time of test milking 1 2 3 4 5 6 Total

Data Type Angles Angles Angles Angles Angles Angles  Angle

Numberof Observation 30 29 29 18 17 17 140
Meanangle(g) 32.222° 32376° 32.396° 32.633° 34.118° 30.882° 32.412°

Length of Mean Vector(R ) 0995 0997 0996 0998 0998 0998 0997

Median 32° 32° 33° 33° 34° 30° 33°

Circular Variance (V) 0005 0003 0004 0002 0002 0002  0.003
Circular Standart Deviation ~ 5.872°  4.52°  4.973° 3.512° 3411° 3.693°  4.69°
Standart Error of Mean 1.072°  0.839°  0.908°  0.806° 0.827° 0.896°  0.394°
%95 Confidence Interval 30.121° 30.731° 30.616° 31.053° 32.496° 29.126°  31.64°

34.324°  34.021° 34.176° 34.213° 35.74° 32.637° 33.184°

The mean angle of all time of test milking is 32.412°. If observation values are calculated using classical
arithmetic mean, the means of all time of test milking shall be obtained as 32.564. This classic arithmetic
mean is a value close to mean angle (see Table 1). However, this situation is misleading. Because the
circular mean calculated for the circular data set is not the measurement of the location of data such as
classic arithmetic mean but rather it is a function of the zero direction and choice of the turning direction.
Therefore, descriptive statistics obtained with classic statistical methods, such as the arithmetic mean are
not the appropriate methods for the circular data (Gaile and Burt 1980; Mahan 1991; Jones 2006; Peker
and Bacanli 2009; NCSS 2012). Moreover, directional data analysis unlike the linear-based analysis
methods does not get affected by the extreme values (outlier) in the data (Berens and Velasco 2009). The

length of the mean vector (ﬁ) plays a determining role in the directional data analysis. Especially, the

length of the R vector affects the estimate of variance. For example, when the length of the mean vector
decreases from 1 to 0, variance of the distribution increases. In other words, when the length of the mean
vector increases from 0 to 1, variance of the distribution decreases so it is thought to be a measurement of
the variance dispersion (Mahan 1991). Table 1 shows that when the length of the mean vector is 0.995,

the variance is 0.005 in test milking 1 when R =0.998, the variance is 0.002 in test milking 6 which
means that when the length of the mean vector increases, the circular variance decreases. Nevertheless, in

Figure 1. Circular plot of teat angle
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Figure 2 (Test milking 1) is more distributed while in Figure 7 (Test milking 6) there is a uniform
dispersion around the mean vector. Circular plot (also rose diagram) of distribution teat angles measured

for all time of test milking is depicted in Figure 1.

On the circle, 0 degrees is on the east, 90 degrees is at the north, 180 degrees is on the west and 270
degrees is at the south. In the Figure 1, the values of angles between teats were between 0 and 45.
However since the 3 values (53, 46 and 49) obtained in test milking 1, 2 and 3 are higher than 45, they
were positioned after this value. In Figure 2-7, rose plots of measurement values at 6 test milking points

were given.

Figure 2. Rose plot of teat angle
when test milking=1

Figure 4. Rose plot of teat angle
when test milking=3

Figure 6. Rose plot of teat angle
when test milking=5

Figure 3. Rose plot of teat angle
when test milking=2

Figure 5. Rose plot of teat angle
when test milking=4

Figure 7. Rose plot of teat angle
when test milking=6

124



The rose plots between Figures 2-7 provide an idea about the angular direction of data from the each test
milking. The parallel line in these figures shows a group range and gives the number of observation
within this group range. Furthermore, the long straight line apparent in each figure shows the direction of
the mean regarding that test milking and gives an idea about the dispersion of observations around the
mean direction (Hassan et al. 2009; NCSS 2012). When the length of the mean vector increases, the
variation between the data decreases and it shows a uniform distribution. Therefore, the variation in
Figure 7 (Test milking 6) is lesser compared to the other all time of test milking and the data shows more
uniform distribution. In order to detect whether there is a difference among all time of test milking,
Watson-Williams F test was applied and the results are given in Table 2.

Table 2. Watson-Williams F tests resuls in matrix format (F scores (lower half) and probabilities (upper

half))
Test Test milking Test Test Test Test
milking 1 2 milking 3 milking 4 milking 5 milking 6

Test milkingl - 0.912 0.904 0.788 0.238 0.409
Test milking 2 0012 - 0.987 0.838 0.185 0.264
Test milking 3 0.015 249E-4 - 0.860 0.221 0.289
Test milking 4 0.073 0.042 0032 - 0.221 0.166
Test milking 5 1.427 1.813 1.543 1557 - 0.015"
Test milking 6 0.695 1.279 1.152 2.008 6635 = -

"p<0.05

For our data set, the test statistics (Test milking 5 and 6) give the value of 6.635 and the probability value
is 0.015. Hence, there are significant differences between the two test milking. The mean angle become
smaller depends on decreasing the milk content of udder at the end of the lactation period.

Conclusion

Directional data analysis is not common method in animal science research. However, it is aimed to give
some information about some of the basic statistics of the directional data analysis and their graphical
representations. The measures obtained as angular differ from the classic methods because of the
directions that the observed values are located on the unit circle in the directional data analysis and the
processes are based on the length of the mean vector. Therefore, for the data sets that have circular scales,
directional data analysis methods can be applied easily to the every field of life sciences.
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