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Abstract The study aimed to estimate the best regressive relation for the effect of basic production 
components on the amounts of barley yield in Irawan project. Five components have been determined: Area, 
Water, Basic Fertilizer (BF), Additional Fertilizer (AF) and Liquid Fertilizer (LF) as Inputs, beside the 
Production (criterion) as an Output. Observed data collected along twenty-two successive agricultural 
seasons. Using multiple linear regression (MLR) tools, three models had estimated. First: Five predictors 
(MLR) model. Model's diagnosis showed that it was suffering from some regression problems. Model's 
assessment; overall it was significant where 72% of the variability in Production could be accounted for by 
variability in the considered predictors, but all the regression coefficients were not significant. Moreover, two 
predictors (BF) and (LF) with negative affected, so both should be dropped. Area and Water were highly 

correlated Water should be dropped. Second: Two predictors (Refined) MLR model. Diagnosis showed that it 

was free of regression problems. Assessment; overall the model was significant where 70% of the variability 
in Production could be accounted by variability in the Area and (AF). The regression coefficient of Area was 
significant. Third: simple LR model. Diagnosis showed that it was free of regression problems. Assessment; 
overall the model was significant with 65% of the variability in Production could be accounted for by 
variability in the Area, its regression coefficient was significant. Second model seems to be the best fit for 
describing the barley production process in Wadi Irawan agricultural project, and could use for both 
estimation and prediction.
Keywords: inputs, outputs, Barley production process, MLR, modeling, Irawan project. 
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6. Collinearity test 

Collinearity Statistics

7

VIF Tolerance  

13.340 0.075 Area 

12.612 0.079 Water 

1.477 0.677 (BF) 

1.529 0.654 (AF) 

1.108 0.903 (LF) 

ToleranceArea72726

Water72720

(VIF)orfact Variance inflation

13.34012.612

AreaWater

17

5. Influence diagnostics 

SLR

( )y( )x

( )x

( )x

MLR

( )x

Overall meansLeverage points

Hat values

Cook's distance measure

1

17

Leverage points test

Cook's distanceLeverage

( ' )s

6

5

41710

7

2

4

171017

Cook's distance

1



The relationship between amounts of barley yield and basic production components in Wadi…..       Asselhab. 

JOPAS Vol.16 No.  2 2017                                                                                                                                                127 

8

6

Intercept

Slope

distance Cooks

 Robust Regression (RR)

OLS

Leverage points

Huber

17

8

t valueStd. ErrorValue 

0.325- 4342674 141.022-(Intercept)

127221223772776Area

727027277372757Water

0.597-72023 0.580- (BF) 

1214712667 1.768 (AF)

0.554- 0.095 0.052-(LF)

37623Residual standard 

error 15d.f

6

4

0 1 2 3 4 51 2 3 4 5

2.208 (Area) 0.060 (W141.022

(

ater)

0.580 (BF) 1.7 )68 AF 0.052 LF( )

y x x x x x     

 

 

    









2( )R( )F

17

 Interpretation Economic 

Area

WaterFA

BFLF

 Refining the Regression 

Area

(AF)Water

BFLF

Second model

 Formulating the Model 

(5)     0 1 2t
Prod. = Area AF

t t te    

1, 2,..., 22t 

 (OLS)

9)OLS(

Pr(>|t|) t valueStd. ErrorEstimate

610.6580.449- 401.190 .078180-(Intercept)

72777667202342146 72721Area

72701641.7751.450 2.575 (AF)

6762265Residual standard 

error 10.fd



The relationship between amounts of barley yield and basic production components in Wadi…..       Asselhab. 

JOPAS Vol.16 No.  2 2017                                                                                                                                                128 

11D.W

Durbin-
Watson 

Adjusted  
R Square 

R  
Square 

R 

2.0730.667 0.699 0.836 

0

5
0 1 41 4

-180.078 + 2.271(Area) + 2.575 A( )F

y x x   



 Mathematical Visualization 

 3

Production

Area AF  

9

9Scatter plots

 

Area

AF

11

10

Plane

Regression plane

11

11

(AF)

Area11

 Assessing the Model

1.  

1 4
0

(H : 0)
y x x

 

1 4
1

(H : 0)
y x x

 

11)ANOVA(

Pr(>F)
F 

value
Mean  

Square
df 

Sum of 
Squares

VS.O.

7277722.0446163852 7 12327703 Regression 

27961410 5312671 Residual 

21 17640374 Total 

11ANOVA

(0.000)0H

(Area)

 AF
2( 0.699)R 



The relationship between amounts of barley yield and basic production components in Wadi…..       Asselhab. 

JOPAS Vol.16 No.  2 2017                                                                                                                                                129 

(%70)

7.  

0 1 2H : 0  

1: H 

0

Area 0.001

0H(AF) 

 0.0920H

 Regression Diagnostics 

1. Linearity test 

31

 

7. 

Homoscedasticity 

Constancy of variances

Fitted valuesResiduals

12

17

3. Normality of Errors

HistogramDensity6

13

13

Q) plot-(Q

14Q-Q

41

Wilk test-Shapiro

W =0.97461

0.815

4.  Independence of errors

test 

tson (DW) Wa-Durbin

test0:H

1: H( 22)n  ( 2)k 

( 0.05) DW)



The relationship between amounts of barley yield and basic production components in Wadi…..       Asselhab. 

JOPAS Vol.16 No.  2 2017                                                                                                                                                130 

( 0.915)Ld ( 1.284)Ud 17

2. 3)( 07d 

14

16 

6. Collinearity test

 

Collinearity Statistics

14

VIF Tolerance  

1.522 0.657 Area 

1.522 0. 657 (AF) 

14

Collinearity statistics

Tolerance

72562

(VIF)12677

(Keith, 2006)

5. Influence diagnostics 

16

17

5112

4171716

18

61

4

171716

Cook's distance

1

10

Intercept

Slope

Cooks distance



The relationship between amounts of barley yield and basic production components in Wadi…..       Asselhab. 

JOPAS Vol.16 No.  2 2017                                                                                                                                                131 

19

 Robust Regression (RR)

Leverage points

15

t value. ErrorStdValue 

0.291- 3402657 1712564(Intercept)

4.9817242272326Area

1.48312754 12624 (AF)

34525Residual standard 

error 10d.f

16

2
0 1 41 4

101.6 2.3784 8 (Area) 1.874 (AF)

y x x   

 





 Interpretation Economic 

. 

 refining the Regression-Re

Third model

 

 Formulating the Model 

6   0 1t
Prod. = Area

t te  

1, 2,..., 22t 

 (OLS)

16)OLS(

Pr(>|t|) t valueStd. ErrorEstimate

726260.156- 4152520.00265-(Intercept)

727775272072452 72641Area

6652617Residual standard 

error 77d.f

17D.W

Durbin-
Watson 

Adjusted  
R Square 

R  
Square 

R 

2.4170.631 0.649 0.806 

15

0
0 1 1

-65.002 + 2.841(Area)

y x 



 izationMathematical Visual 

0

 2
(Production)

( )y(Area)

( )x

Regression line77

21



The relationship between amounts of barley yield and basic production components in Wadi…..       Asselhab. 

JOPAS Vol.16 No.  2 2017                                                                                                                                                132 

 Assessing the Model

1.  

1
0(H : 0)y x 

1
1(H : 0)y x 

18)ANOVA(

Pr(>F)
F 

value
Mean  

Square
df 

Sum of 
Squares

VS.O.

72777352060114457561 11445756 Regression 

37027620 6194109 Residual 

21 17640374 Total 

16ANOVA

(0.000)0H

(Area)

2 0. )9( 64R (% 65)

 

7.  

0 1(H : 0) 

0 1(H : 0) .15

Area(0.000)

 Regression Diagnostics 

1. Linearity test 

16

 

7. 

Homoscedasticity 

Constancy of variances

Fitted valuesResiduals

21

71

3. Normality of Errors

HistogramDensity7770

22

77

Q) plot-(Q



The relationship between amounts of barley yield and basic production components in Wadi…..       Asselhab. 

JOPAS Vol.16 No.  2 2017                                                                                                                                                133 

73Q-Q

37

Wilk test-Shapiro

W = 0.95742

0.439

4.  Independence of errors

test 

0: H

1H:

 22n  1k  0.05 

 1.239Ld 

 1.429Ud 12

 2.417d  

 

24

6. Collinearity test 

5. Influence diagnostics

76

67

41716

26

57

4

1716

Cook's distance1

27

27

Intercept

Slope

Cooks distance 

 Robust Regression (RR)

Leverage points

19

t valueStd. ErrorValue 

727737 3612514 62260(Intercept)

5246627247672254Area



The relationship between amounts of barley yield and basic production components in Wadi…..       Asselhab. 

JOPAS Vol.16 No.  2 2017                                                                                                                                                134 

32625Residual standard 

error 77d.f

2

17
0 1 1

8.7 2.764 (Area59 )

y x 







 Interpretation Economic 

means tests Comparing 

MulticollinearityWater

Area

(BF) (LF) 

Production

Production

1)-(Group

Treated)(2)-(Group

(Not treated)

(BF)

19)BF(

Std. 
Error 
Mean

Std. 
Deviation 

Mean N Production 

220.103 959.405 2349.89 19 Adding (BF) 

417.769 597723. 2448.00 3 
Not adding 

(BF) 

1.  

2 2

0
( : / 1)

adding BF not adding BF
H   

2 2

1
( 1: / )

adding BF not adding BF
H   

( 0.05) 

5( 0.231)F 

( 0.05 . 0.636)sig   

7.  

0
( : 0)

adding BF not adding BF
H   

0
( : 0)

adding BF not adding BF
H   

( 0.05) 

5( 0.168)t  

(20)( . 0.868)Sig 

( 0.05) 

BF)

(LF)

21)LF(

Std. 
Error 

Mean

Std. 
Deviation 

Mean N Production 

225.16 076232 2414.88 12 Adding (LF) 

472272 0662302187.80 6 
Not adding 

(LF) 

1.  

2 2

0
( : / 1)

adding LF not adding LF
H   

2 2

1
( 1): /

adding LF not adding LF
H   

( 0.05) 

2( 0.000)F 

( . 0.991)Sig 

( 0.05) 

7.  



The relationship between amounts of barley yield and basic production components in Wadi…..       Asselhab. 

JOPAS Vol.16 No.  2 2017                                                                                                                                                135 

0
( : 0)

adding LF not adding LF
H   

0
( : 0)

adding LF not adding LF
H   

( 0.05) 

2( 0.478)t 

(20)( . 0.638)Sig 

( 0.05) 

LF)(

Conclusion

1. Area

 

7. Water

 

3.  BF)( 

Ammonium phosphate1645

 

4. (AFUrea

 

6. LF-Micro

nutrient

 

5. Second modelArea

AF)(

 

Recommendations

1. 

 

7. 

 

3. 

Acknowledgment

References

1 1067

1 

7 7717

SPSS 

3 7776

 

4 1060

1 

6 7770

SPSS

7 

5 1006

 

2 1476

SPSS

1 

6 1007

 

[9]- Douglas, Alex. (2008). An Introduction to R. 
Tow day workshop, University of Aberdeen.  

[10]- Faraway. J. (2002). Practical Regression and 
Anova using R. www.stat.lsa.umich. 
Edu/˜faraway/book 

[11]- Howell, David C. (2004). Fundamental 
Statistics for the Behavioral Sciences. 
Thomson Learning, 5th Ed., Belmont - USA.  

[12]- Keith, T. (2006). Multiple regression and 
beyond. PEARSON Allyn & Bacon. 

[13]- Keller, Gerald and Warrick, Brian. (2005) 
Statistics for Management and Economics, 
Duxbury Thomson Learning, 5th Ed. 

[14]- Ligges, U., and Maechler, M. (2003): 
Scatterplot3d – an R Package for Visualizing 
Multivariate Data. Journal of Statistical 



The relationship between amounts of barley yield and basic production components in Wadi…..       Asselhab. 

JOPAS Vol.16 No.  2 2017                                                                                                                                                136 

Software 8(11), 1–20. 

http://www.jstatsoft.org/ 
[15]- Mansfield, Edwin (1980), Statistics for 

Business and Economics, 1st Ed., Norton & 
Company, Inc. USA. 

[16]- Shieh, G. (2010). On the misconception of 

Multicollinearity in detection of moderating 
effects: Multicollinearity is not always 
detrimental. Multivariate Behavioral 
Research, 45, 483- 507. 

[17]- Durbin-Watson Significance Tables. 

Supplements

1

 
 

   

(LF) (AF) (BF) Water Area Production 
Seasons 

Time

( )t ( )5x  
( )4
x

 
( )3
x

 ( )2
x

 ( )1x  ( )y  

525 30 52 1199 150 473 1988  87 1 

1350 75 105 2679 300 514 1989  88 7 

0 270 170 4170 500 1632 1990  89 3 

0 108 3607129 900 1065 1991  90 4 

600 251 293 6910 838 2231 1992 91 6 

1250 200 395 8926 1017 2899 1993  92 5 

3250 123 247 6782 825 2301 1994 93 2 

350 262 262 7720 875 2912 1995  94 6 

0 206 250 7427 825 2147 1996  95 0 

0 237 285 8807 950 3596 1997  96 17 

600 170 255 5279 650 2065 1998  97 11 

1400 340 330 8891 1150 4231 1999  98 17 

1100 357 270 9402 1100 2785 2000  99 13 

2400 325 156 6643 900 3039 2001  00 14 

4350 325 587 9676 1150 3012 2002  01 16 

2500 332 350 7053 1025 2970 2003  02 15 

2500 88 0 8241 1050 2664 2004  03 12 

0 352 384 9178 1137 2499 2005  04 16 

2500 316 0 5469 650 1641 2006  05 10 

4000 235 248 7559 940 1962 2007  06 77 

300 243 5 6405 750 2315 2008  07 71 

100 300 0 7467 925 3039 2009  08 77 
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2

3

OutputProcessing Input 

Area

Water 

Barley yield 
(Production) 

PRODUCTION

PROCESS

Basic fertilize (BF) 

Additional fertilizer (AF) 

Liquid fertilizer (LF) 

Uncontrolled factors 
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4Steam and leaf

( )2x Water ( )1x Area( )y Production

Water Stem-and-Leaf Plot 
Frequency Stem & Leaf 
2.00 Extremes  (=<2679) 
1.00     4 .  1 
2.00     5 .  24 
4.00     6 .  4679 
6.00     7 .  014457 
4.00     8 .  2889 
3.00     9 .  146 
 Stem width:  1000 
 Each leaf:   1 case(s) 

Area Stem-and-Leaf Plot 
Frequency Stem & Leaf 
3.00 Extremes    (=<500) 
1.00     6 .  5 
1.00     7 .  5 
5.00     8 .  22357 
5.00     9 .  00245 
3.00     10 .  125 
4.00     11 .  0355 
 Stem width:  100 
 Each leaf:   1 case(s) 

Production Stem-and-Leaf Plot 
Frequency Stem & Leaf 
 2.00    0 .  45 
 4.00    1 .  0669 
11.00    2 .  01233467899 
 4.00    3 .  0005 
 1.00    4 .  2 
 
 Stem width:  1000.000 
 Each leaf:   1 case(s) 
 

LF ( )5x  AF ( )4
x  BF ( )3x  

LF Stem-and-Leaf Plot 
Frequency Stem &  Leaf 
 
11.00     0 . 00000133566 
 4.00     1 . 1234 
 4.00     2 . 4555 
 1.00     3 . 2 
 2.00     4 . 03 
 Stem width:   1000 
 Each leaf:    1 case(s) 

 

AF Stem-and-Leaf Plot 
Frequency Stem & Leaf 
1.00     0 .  3 
2.00     0 .  78 
2.00     1 .  02 
1.00     1 .  7 
5.00     2 .  00334 
3.00     2 .  567 
6.00     3 .  012234 
2.00     3 .  55 
 Stem width:   100 
 Each leaf:    1 case(s)   

BF Stem-and-Leaf Plot 
Frequency Stem & Leaf 
5.00    0 .  00005 
3.00    1 .  057 
8.00    2 .  44556789 
5.00    3 .  35689 
 .00    4 . 
1.00    5 .  8 
 Stem width:   100 
 Each leaf:    1 case(s) 

5 Histogram Kernel density estimate

( )2xWater ( )1xArea ( )yProduction  

( )5xLF  ( )4
xAF ( )3xBF 
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6

BF

Independent Samples Test 

Production 

Levene's Test 
for Equality of 

Variances 
t-test for Equality of Means 

F Sig. t df 
Sig. 

(2-tailed) 
Mean 

Difference 
Std. Error 
Difference 

95% Confidence 
Interval  

of the Difference 

Lower Upper 

Equal 
variances 
assumed 

0.231 0.636 -0.168 20 0.868 -98.105 583.050 -1314.326 1118.115 

Equal 
variances  

not assumed 
  -0.208 3.237 0.848 -98.105 472.204 -1540.574 1344.364 

7

LF 

 

 

Independent Samples Test 

Production 

Levene's Test for 
Equality of 
Variances 

t-test for Equality of Means 

F Sig. t df 
Sig. 

(2-tailed) 
Mean 

Difference 
Std. Error 
Difference 

95% Confidence 
Interval 

of the Difference 

Lower Upper 

Equal 
variances  
assumed 

0.000 0.991 0.478 20 0.638 227.082 475.088 -763.934 1218.099 

Equal  
variances  

not assumed 
  0.470 6.407 0.654 227.082 482.965 -936.742 1390.907 


