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The Study on Relation between Six Sigma Implemented
Period and Financial Performance:
Using Smoothing Spline Function

Changheon Ryu1 - Minjae Park’’
"Department of Applied Statistics, Y onsei University, “Business School, Hongik University

Purpose: In this paper, we investigate whether the endeavors for Six Sigma quality management by
a firm have positive effects on its financial performance and the length of Six Sigma implemented
period affects its financial status. We find a relationship between Six Sigma implemented period and
several financial performance index using a smoothing spline function.

Methods: A smoothing spline function is used in order to analyze the relationship between efforts
for quality management and financial performance. Specifically, the return on assets, return on
equity, sales cost and business fee are investigated as dependent variables and the efforts for
quality management as independent variable.

Results: As a result of the analysis, the indication is that companies that put effects into the Six
Sigma quality management have a positive result in its financial status. In detail, the efforts for
Six Sigma quality management have positive effects on total asset turnover ratio and Six Sigma
implemented period on net income to net sales ratio. Additionally, companies with longer
(shorter) period of Six Sigma program have more (less) improvement in its financial status.
Conclusion: It can be concluded that the company’s efforts for quality management positively
influence financial performance.

Keywords: Financial Performance, Return on Assets, Six Sigma, Smoothing Spline Function
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(A) |

Independent variable

Dependent variable

Year-end total assets i
ROA Operating expenses

Year-end liabilities

ROE Cost of goods sold

Six Sigma implemented period

Degree of competition in the domestic
market for the main products

‘ Independent variable

: ROA
Six Sigma |
Quality work status of blue-collar sector is ! ROE [— implemented i
directly responsible : period |

Training for quality control

Systematically utilizing encrypted data to
the DB for quality control.

Operating

Whether emphasis on quality

expenses

management training ‘ Independent variable

Cost of goods sold

Degree of autonomy in determining how

to perform tasks in the work unit .
- =" Selling expenses  |[+—] implemented
Degree of autonomy in determining how 9 &P pperiod

‘ Market demand situation for key products

LI T T T T T TT T[T

fast to perform tasks

oltk 0% 42 AokE E% 7L 1457 719

o2 AA 10%E AN ek 42 NS EYH ] A

YA eI AR T 2 A4S FAT S
H

RE 22A 52 HE 42 A0S 298 7199

Qap 42 2|2

General maintenance
expenses

i
i

i

1

1

1

1

1

i

1

1

1

1

;

1 - -
: Six Sigma
|

i

i

1

1

1

1

1

1

1

1

1

1

1

T =
A HF4519, 247610 1 A A A anlE & >3} 2

Table 1 Independent variables and dependent variables

Variable

Reference

Dependent variable

Return on asset(= net profit/asset)

Return on equity(= net profit/(asset-liability))

Operating expenses

Cost of goods sold

Independent
variable

Year-end total assets(Al)

Year-end liabilities(A2)

Six Sigma implemented period(A3)

Degree of competition in the domestic market for the main products(A4)

Demand in domestic market for major products(A5)

Quality work status of blue-collar sector is directly responsible(A6)

Training for quality control(A7)

Practical use of database for quality control(A8)

Degree of autonomy in determining how to perform tasks in the work unit(A9)

Enthusiasm for quality improvement(A10)

Recognition of unions for quality improvement(All)
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Table 2 Correlation matrix for independent variable

The Study on Relation between Six Sigma Implemented Period and Financial Performance

Al A2 A3 A4 A5 A6 A7 A8 A9 Al0 All
Al 1| 098 [ -011 | 006 | 003 | -022 | 004 | 008 | 001 | 012 | 0.1
A2 | 098 1| -011 | 002 | 004 | 022 | 001 | 004 | 002 | 009 | 007
A3 -0.11 -0.11 1 -0.13 0.16 -0.13 -0.12 -0.06 0.01 -0.16 -0.14
A4 | 006 | 002 | -0.13 1| -027 | 005 | 017 | o016 | 012 | 011 | 0.02
As | 003 | 004 | 016 | -027 1| -003 | -019 | -001 | 009 | 007 | -0.12
A6 -0.22 -0.22 -0.13 0.05 -0.03 1 0.33 0.34 0.27 0.05 0.13
A7 | 004 | 001 | 012 | 017 [ -019 [ 033 1| o081 | 042 | 028 0.5
A8 | 008 | 004 | -006 | 016 | -001 | 034 | 081 1 04 | 042 | 054
A9 0.01 0.02 0.01 0.12 0.09 0.27 0.42 0.4 1 0.18 0.06
A10 | 012 | 009 | -016 | 011 | 007 | 005 | 028 | 042 | 0.8 1| 025
Al | o011 | 007 | -014 | 002 [ 012 | 013 05 | 054 | 006 | 025 1
<Table 1> 27HH= T& W Sy AF= 2 34714 A%
AT st THIES AS3E] Hske] A E
ZEWEE 7120 AYAT9) v Yate] 1 7HE 113 71 120 tig B ARA S A 2
€ ROA, ROES} 37 B AT ME ddu) &3} u) = <Table 3> #| Algkch <Table 3>2] ROE F-E-&
ZU7HE 2712 nEeith A Aart e ars AS A FEE Y E97IR ddhp i Fls)
& B AR A 07 A2 AlauE E S 34t B 02382 FoatA] gde AS 0T+ otk
il g d7ke} 95 A A QAT Gk <Fig. 2 (A& HHY A2 Aant #4749 S EY
A FAE BN de FE3)h AR FA, Fx 3 7] 7ko] AOIAHMROAV} A&H o8 F7leit)
ZFA7 222 $E 799 FEE JEhE 840] 7 = F 8ol A] 147 Atol o= Tha FA|H =
| W&o o] 2 A3} 9t =8 W42 F)s A& 9T 5 Yok <Fig. 2>5 7HA AL BA 8 B
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Table 3 Analysis for ROA and ROE using a smoothing spline function

Six Sigma implemented companies

ROA ROE
Smoothing parameters 0.6396 1.4930
A 0.0369(15 iter) 55846.33(28 iter)
Degree of freedom 3.3342 2.000
Penaltirized standard 12.8937 16.7103
GCV 1.0115 1.0116
p value 0.8830 0.2380
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Fig. 2 Smoothing spline function of ROA and ROE
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Table 4 Operating expenses and cost of sales using a smoothing spline function

Six Sigma implemented companies
Operating expenses Cost of goods sold
Smoothing parameters 0.5560 0.5578
A 0.0095(11 iter) 0.0098(12 iter)
Degree of freedom 4.4163 4.3897
Penaltirized standard 12.6319 11.9726
GCV 1.0068 1.0073
p value <0.001 <0.001
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Fig. 3 Smoothing spline function of operating expenses and cost of goods sold

Table 5 Regression results for the year—end total assets

Year-end total assets

Independent variable - —
Regression coefficients t value p value
Constant 10.9848 21.10 0.0001""
Six Sigma implemented period 0.1196 2.15 0.0334
Table 6 Regression analysis of ROA and ROE
(A) ROA (B) ROE
Independent variable Regression t value value Regression t value value
Coefficient 4 Coefficient P
Constant 8.085 2.229 0.0262° -6.480 2.580 0.0118"
Year-end total assets -9.423 | -15.574 0.00™ " 0.000 2.000 0.0460"
Year-end liabilities 9.168 | 14.902 0.007 0.179 4.563 0.00"
Six Sigma implemented period 0.1024 0.996 0.3197 -0.003 0.049 0.9611
Degree of competition in the domestic 0326 0.691 0.4897 -0.066 0.201 0.8450
market for the main products
Market demand situation for key products 0.231 0.536 0.5921 0.029 0.970 0.3323
Quahty work status of blue-collar sector 0365 0.955 03402 0.075 0282 0.7783
is directly responsible
Training for quality control -0.626 -0.907 0.3649 0.538 1.131 0.2587
Systematically utllhzmg encrypted data to 0163 20,246 0.8060 0111 0.241 0.8095
the DB for quality control.
Degree of autonomy in determining how | 705 | 5 j5¢ 0.0315° | -0.053 0.965 0.3352
to perform tasks in the work unit
Enthusiasm for quality improvement 4.148 3.837 0.000""]  3.966 5.230 0.000""
Recognition of unions for quality 3.518 | -3.140 0.0018" | -4.020 5.122 0.000""
improvement
Adjusted R? : 0.3491, Adjusted R* : 0.08462,
F-Value : 22.27, P Value : <0.001 | F-Value : 4.79, P Value : <0.001
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Table 7 Regression analysis results for the operating expenses and cost of good solds
(A) Operating expenses (B) Cost of good solds
Independent variable Regression t value value Regression t value value
Coefficient P Coefficient P
Constant 1,140,000 1.725 0.0852 107,900 1.628 0.1047
Year-end total assets 0.1916 3.406 0.007"]  0.1687 2.990 0.003”
Year-end liabilities 1.612 13.124 0.007] 1467 11.914 0.00™"
Six Sigma implemented period -4,932 -0.231 0.81778 -2969 -0.138 0.88998
Degree of competition in the domestic | ¢ 05 | 089 | 0929492 | 13,150 0.132 | 089532
market for the main products
Market demand situation for key 220,740 236 | 00215 | 2170500 | -1.891 | 0.05919
products
Quality work status of blue-collar sector | ¢\ g1 | 1012 | 931205 | -77,690 0958 | 0.33839
is directly responsible
Training for quality control -205,700 -1.418 0.1568 | -212,300 -1.459 0.14511
Systematically utlizing encrypted data to | ¢ 770 | (706 | 048067 | 81560 0.581 | 0.56118
the DB for quality control.
Degree of autonomy in determining how | 45 045 | 967 | 0789504 | -56,580 -0.328 | 0.746125
to perform tasks in the work unit
Enthusiasm for quality improvement 333,100 1.431 0.153049 338,650 1.656 0.09837
Recognition of unions for quality 344,000 | -1.428 | 0.153810 | -407,500 1,687 | 0.09221
1mprovement
Adjusted R? : 0.8345, F-Value : | Adjusted &* : 0.8078, F-Value :
201.7, P Value : <0.001 168.1, P Value : <0.001
e max goruz wAa = H3HBox-Cox A, FAHY FHE T A PeA o tjgh o Fofl o
transformation) S ©]-&-3fo] AL zpake] 21 HEHS 3k 2F2-E o FAAS e EAZZ S5t 7}
A3tk Y 2EAAF4E o) 5ol BT A H232 FAF] A5e] G EL FEUSE 3
T} A2 A ant 2977k g gu % WEA7) & 3 A2 Aar YY) SHHESER S SR
AL NAE BAE FASKE 717 BHASHOE A ANF BIE <Table 7 (A9} 2T
O:]le]_}\]_ Zoﬂ O ,2__7].6‘].‘— 7;1‘9_5'3'_‘ “):]‘-L%H H U,H /K]/\
Azavke] E4do] 7199 29 Aol 3 G
S P A AS ¢ T UM o2 7 213 7} 474 =
4225 EA¢ith
ROAE THHUSFE AYIARN S HAS 47 £ dTe 7189 A 913)19k 2ol ARIA )
ALY, AEA FAAEY FHE T84 A IZA(WPS)E AHE-3te] B4 9 AT S Yt S
of e o1, AAuslo A AT AR W oje} 7)1 Ee) M TokE A wAE B
ek A4S FAFe] deAd et =29 91 2 Folelua BE AZEIHG;E o] L3
28] 3 AAIGF o] FAHSZE fFogt Ao 2 e} g 2FR1S o] &3t A2 Alart &Y 7|71 7]
Otk 4228 Ba] FSAROES SR l9) HRARS PAS BAT 29 ok o)

O

2, d

3 2o} HA, AA Ao &
Ao #AVt Sd= As &
2 AartE 243 7|4ES i
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ROA S} Al A Al 1w} =917]7F Alo] 9
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