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Abstract— The purpose of this study is to compare the
remedial methods of first-order autocorrelation in simple
linear regression analysis for the 9 levels of autocorrelation
(p) @ 0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8 and 0.9 . The three
autocorrelation remedial methods are  generalized
differencing, Cochrane-Orcutt, and Durbin’s Two-Step.
The simulated sample size were set as 30 and 50 for 1000
time iterations. The Durbin-Watson test of autocorrelation
was used as a criferia to specify the best methods for the
remedial problem by looking at the highest percentage of
data sets that showed no significant result in testing Hg:
p=0 is considered.

. The results of the study show that more
autocorrelation ( p) levels were found each time the
autocorrelation levels increased, the percentages of
autocorrelation remedial abilities from each method tended
to decrease when the sample size was 30. All three
methods showed nearly the same ability in autocorrelation
of the remedial problem, but Durbin’s Two-Step and
Cochrane-Orcutt methods gave slightly more satisfactory
results than generalized differencing. When the sample size
was 50 the generalized differencing and Cochrane-Orcutt
methods were best at solving the remedial problem, given
autocorrelation levels.

In conclusion, the Cochrane-Orcutt method
was the most suitable method for autocorrelation of
remedial problems in all cases and Durbin ‘s Two-Step
method was the best one in all sample sizes at the
autocorrelation levels (£ ) 0.1-0.7.

Keywords-First-OrderAutocorrelation;Simple Linear
Regression

L Introduction
One of the error concept patterns in the regression

states that the certain number of error terms ( £;) will not

correlate with each other and being the random variable
followed for normal distribution with zero average and
constant in deviation [1].The health science and medical
data are usually collected by means of time series. The
dependent and independent variables in the regression
equations is collected by the time series called “time series

data”. These types of data are always lacking in free error
value as “g"and “g; (i# j)". There are some

correlations  among  time  series data  called
“autocorrelation” or “serial correlation”[2].This study had
compared the methods used to solve the problem of first
order autocorrelation error within simple linear regression
together with estimated their abilities in forecasting by
using MSE criterion. The pattern of this research was
independent variable defining by randomizing way which
provided normal distribution of X,~N(0,1) according to
cach sample size and defining the dependent variable
pattern from the regression equation . All processes were
simulated using visual studio software.
1L Research procedure

Define the regression model used in the study.

The pattern of simple regression model is:

Y, =bytbX, +e, ; = L2mn
Create the error term( &,) according to the first-

order autoregressive pattern with error relation in 9
correlation levels ( 0 ), that is 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,

0.7, 0.8 and 0.9 (500 set for each) and use the sample size
as 30, 50 unitsand

gt = pgf"l +uf
Create the data(Y,,X,) with the same size as

defined samples
Estimate the parameter from the data obtained by

simple least square
got“Y=A+AX+57

simulation that has the error (&,) from the first-order

The equation from

autoregressive pattern which has the error correlation
within defined correlation level. After that, the equation
will be examined for the data if it has correlation or not by
using the Durbin — Watson test with the confidence level
a=0.05.

In case of data examination if the autocorrelation
occur or not. Transform data in a defined way. If no
autocorrelation ‘occurs, create new data in simple
regression
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Remedial the autocorrelation problem by using 3
variable transformation methods: generalized differencing
method Cochrane — Orcutt method and Durbin‘s Two-Step
method

Take the post transformed variable data to the
regression equation to calculate the MSE and
“e, =H=

Test the data if the autocorrelation still occurs or
not by using the Durbin-Watson method with the
confidence level & =0.05 and count the number of
hypothesis accept time for each method. Then, compare the
MSE value of each method.

Simulation by Visual Studio Program

A. The error property

From the definition of first-order autoregressiveof
the error term “ £,

£, = PE,, U,
Average and deviation of “ &, for the first-order
autoregressive
E(g)=0
2
P ‘ (81 ) = £ 2
1-p

Suggest that* £, ”is zero for average and contain

constant deviation
Covariance between“g,” and “g, ’

can be

replaced by “ p(&,,£,_,) ” whish is

a=
P(E,,E,_1)=P[I _pz]

When the correlation coefficient between “ £,” and “ &,

can be replaced with “ p(&,,£,_,) " that is
o(1,6,.1)

o(e)o(e,,)
According to the deviation of each term is equal to
2

P
1-p*

p(gr’gl—l) =

”, the coefficient then is:
P il
1-o?
p(Er’gH) = e o
o [oa
o2 V1-o?

“ph(‘gr)=

a o o o
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That is autocorrelation parameter “ ™ represent the
relation between the nearby error.
Covariance between “ & ™ with distances “S” away is

2
el
>, 8#0
1-p
And the regression coefficient between “ &,” and g,_"is
ple e )=p"s#0
Thus, when “ 0 " are positive, all error will be

relative. However, if the time period is more , the error
relation will decrease.

p(‘gt’gl—:)= pj(

Time

Figure 1 Demonstrated the character of autocorrelation in
positive pattern

B. Solving the problem of autocorrelation with data
transformation of variable
From the regression equation like:

V=P +BX +& M
If this equation is true at the time “t”, then it will also true
at the time “t-1” as follow:

Ya=B+PX . +e, @
Multiply both side of the equation 1 with “ o ™ will gains
pPY . =pBy+pB X, +peE,, 3
Minus (3) From (1) will gains
Y =pt, =B0-p)+BX, ~pAX,, +(5, - p&.,)From
1) & —p&g,_, =u,, thus
Y =pt, =[/0-p)+BX, —pX, )+,
It can be written as:
Ytl =ﬂol +181X; +u,
Y, =¥ - p¥.,)
Xrl = (Xr —M.H)
By =B0-p)
ﬂl' =5

@

‘When
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Owing to “#,” is the free random variable, thus

when the independent and dependent data is transformed,
the linear regression profile which has free error is
obtained. Thus, the least square can be used to estimate the
regression equation and the transformed variables as “ X ”

and“Y'”. But data transformation will cause 2 problems,
that is, one parameter absent and the “p* become
unknown[3].

Because the “ 0 value is unknown, so, it needs
to be estimated before data is transformed. The variable
transformation require the “ 0" estimation step because
the actual value is generally unknown. Defines “r” is the
estimated value of “ 0 ”. The variable transformed using
“r” will be:

Y, = (¥, -rY,,)

X, =(X,-rX,)

After data transformation, these data then is taken
to create the regression equation by least square and gained
regression equation is:

):‘, = bo +b 1X;

If the regression equation is removed the error
autocorrelation is successfully obtained, the equation can
be transformed back to create the regression with former
variable as:

i}r =by +byx,
B, .
When by = and b, =4
1-r
The standard error of regression coefficient for the former
S
variable can be calculated from: S b = T—s
-r

and Sb, = Sb,'

C. Autocorrelation problem remedial methods
For autocorrelation solving method when the error
has the first-order autocorrelation, three solving methods
are proposed in this study as follows:-
Generalized differencing method
The step to solve the error
autocorrelation problem by this method is to transform the
data into generalized difference equation form which is the
regression equation that the equation’s variable data and
the error are transformed to be the difference between the
variable value at present and before times. Then, the
parameters are estimated using the least square which also
need to estimate the “ 0 ” by correlation of “r”” between

OLS-Residual to use in data transformation (Berenson,
Mark L. and David M. Levine. 1996).
The method to estimate “ 0 * using correlation of

“r"” between OLS — Residual
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FromOLS — Residual, e=y-— xﬁ , when

e=(e,e,,..,e,), separate vector*e” to2 groups

as“e,_; =(e,€,,...,€,,)” and “e=(e,e,,..,e,)"
Then calculate the linear correlation between “e, " and
“e .
n
€€
This time, it is estimated by J = =2——

n

e
t=1
From the equation (4)
Yf ~pY’_l = ﬂo(l Fa p) +ﬁ|(X1 —QXPI) +u,
The equation(4) called generalized difference model for
new error as “&, — P&, " or“u,”. And bring“p”

together with“ £ substitute in the generalized difference
equation and rearrange in more simple form as:
Y, =B+ B X, +u,
By Y =(,-pL,)
Xt = (Xr _ﬁ)(r—l)
ﬂo =f (1= ﬁ’)
p=5
U =&~ [751—1
And the estimated parameters ﬂu and ﬂl in the model with
least square method
Cochrane-Orcutt method
The Cochrance-Orcutt method is a way
to transform the variable data to solve the autocorrelation

error problems. It has three main steps.
Estimation of the “ 0 value
The first-Order  autoregression type error in
regression form can be considered in the linear regression
through the origin pattern.
gr = p£|—1 + ul

ECH

When*“g,” is the dependent variable,“&,_”is

the independent variable which is the error and has “ o *
as the linear slope through the origin.

Because we do not know the value of “&,” and
“&,.,”, so, we useresidual “e,” and “e, ;" instead [4].
With the same method, the dependent and independent
variable are estimated for the slope of the linear regression
equation through the origin that has a formula as below.
We can estimate the slope of “ p” and replace it with “r”

in the formula:
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Creating the regression equation from
the transformed data
Use the estimator of* o "calculated from the

transformed variable formulaby “Y, = (Y, — p¥, ;)" and

wX = (X, —pX, )" as the formula,and then creates

the regression equation by the least square form the
transformed data
Autocorrelation test
Testing for the error value in the transformed
regression equation pattern, if it has correlation or not, by
using the Durbin-Watson method. If the test shows
independent of the error, the work will then finish.
Durbin’s Two — Step method
From the equation pattern
Y, =pY = By(1-p)+ B (X, - pX, ) +u,ltcan
be rewritten as:-
Y, =pB,(1-p)+ B X, - pB X, +pY,_, +u, Durbi
n suggests the estimated method for “ o™ using two-step
method as:-
Define the equation as multiple

regression pattern. Create the multiple regression “Y, ™ on
“X,, X, " and “Y,_ "; and then define the estimator of

the regression coefficient of ™Y, ™ as the estimator of
“p(=r)" which, although is lean, it will still be the
consistent estimator for “ p .

When the “r™ gained and the data is
already transformed by define:

Y, =(¥,-rY_)and X, =(X, -rX, )

Then create the regression equation by least square (OLS)
from transformed data as same as the following equation:

Y, =8+ 84X, +u,

Durbin — Watson test for autocorrelation
Examination method with statistical test for the
independent of error has stated the hypothesis that the error
posses the first-order autoregressive form which the
independent variable is fixed. The examination will
consider in the point that the autocorrelation parameter,
“g,” is

p= 0 will gain £,= wu,. Thus, the error

independent because “u,” is independent. Because of the

business and economic application, the error with
correlation is usually positive correlation. Thus, it is
normally test as positive autocorrelation pattern [5].

Test hypothesis:
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H,:p=0
H :p>0
or H , : The error has no correlation

H |, : The error has positive correlation
Test statistic is the statistic “d” of Durbin — Watson that

define as:
Z(.e.r —€. )2

i=2

When e, =¥, —);, ,t=12,...n

n is the observation numbers
Probability distribution of “d” depends on the
matrix  “X"”.  However, the Durbin and Watson

demonstrated that“d” is between “d, ™ and“ d,, by the
value of“d, ™ and “d,” as shown in the Durbin-Watson
statistic table.

Ifd<d, reject H, :p=0

Ifd>d, accept H, :p=0

If d, <d<d, the test can not be concluded
[6]. The “d” with small value can be described as* 0 > 0™

because the nearby errorare“g,” and “&, |~ that the

1-1
amount are nearly similar in case of positive relation.
Thus, the difference of residual * e, —e, " will be small
and the statistical top line of“d” will also be small. But if

the errors have no relation, then “e, —e, ,” will be large

-1
value and the statistical top line will also become large.
Therefore, if “d™ is small, the “ /| will be consistent to
the conclusion while if the statistical “d” is large, the
“H(, " will be consistent to the conclusion instead.
Normally, thenegative autocorrelation  hardly
occurs, but if it necessary to test, the negative
autocorrelation can be created by using the statistical “4 —

d” instead of “d” and set the hypothesis of H, :p=0

contrast with“H, : p<0” and do the same test
conclusion as the positive autocorrelation. The test
operation can explain this phenomenon better. It can be
seen that the limit of “d” is between 0 and 4 which can be
proven by extending the formula of “d”
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Which gained
g Sel+del, -2> ee,,
2l

Because Zef and Zef_, have
different observation, so, both are approximately the same.

Therefore, let “Zei, = Zerz > which will be

only  one

e

Let the estimated ** p  defined by

Zetelwl
I':—-ﬂv

2
2

Replace “r” in the equation “d”

approximately

e e Ze’e;*
e

d=2(1-r)
Owing to “—1< p <17 it will gain
0<d<4
11 Results and Discussion

Where n=30 the autocorrelation level is increased
continuously, the percentage of autocorrelation problem
remedial ability in each method tends to decrease. The
Durbin’s Two-Step method gave the best average problem
remedial result with the percentage of 97.87, followed by
the Cochrane-Orcutt and the generalized differencing
methods that gave the percentage of 95.98 and 92.33,
respectively.

120 T ——
"0 [ e J'q%\
" ;
g- \ —e— generalized differencing
E 80 —=— Cochrane - Orcutt
W Durbin ‘s Two-Step
a
20 1
1
|

01 02 03 04 05 06 07 08 09
Autocorrelation Levels

Figure 2 Percentage comparison of the data sets with no
error autocorrelation presented when determined by three
mentioned methods (n=30)
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Where n=50 the autocorrelation level increased
continuously, the percentage of autocorrelation problem
remedial ability in each method tended to decrease. The
Cochrane-Orcutt method gave the best average problem
remedial result with the percentage of 99.33, followed by
the generalized differencing methods and the Durbin’s
Two-Step methods that gave the percentage of 98.74 and
96.02, respectively.

N [—— genemiaed diflerencing
= Cochrans - Oreait
Durbin s Two-Step

centage
ITEEEEEE T

01 0z 03 04 05 06 07 08 08
Autocarcalation Lovels

Figure 3 Percentage comparison of the data sets with no
error autocorrelation presented when determined by three
mentioned methods (n=50)

The average MSE values for each problem
remedial in cach autocorrelation level indicated that the
Durbin’s Two-Step method was the best forecast method
as shown in the figure 4.

s —— SR

e

w 2 b T T s | |-+ penemizes dierencing]

g, = Cochvane - Orcull
Durbin s Two-Slep

]
0s
3 |

01 062 03 04 05 06 07 08 09
Autocorrelation Lovals

Figure 4+ Comparison of MSE from each autocorrelation
problem remedial method for the error levels from 0.1 to
0.9 and all sample size

Iv. Conclusion
Defining of autocorrelation level ( 2 ) where the

autocorrelation level was continuously increased in each
testing time found that the percentage of autocorrelation
problem remedial ability in each method data set tended to
decrease.

By considering each best problem remedial
method in each autocorrelation level, it was found that the
Durbin‘s Two-Step and Cochrane — Orcutt methods were
usually the best problem remedial method in all
autocorrelation levels with the sample size 30 while the
generalized differencingand Cochrane — Orcutt methods
were the best remedial method in all autocorrelation levels
instead when the sample was 50. In considering the most
suitable forecast way, it could be concluded that the
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Durbin ‘s Two-Step was the best one in all sample sizes at
the autocorrelation levels (0 ) 0.1-0.7. In considering for

the best problem remedial method which also was the best
forecast method at the same time, it was found that the
Cochrane — Orcutt method gave the best autocorrelation
problem Remedial method but not the best forecast method
at the autocorrelation levels( 2 )0.1-0.7. However, forecast

values given form this method were not significantly
different from the Durbin‘s Two-Step method.
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