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Analyzing empirical performance of correlation based feature selection

with company credit rank score dataset

— Emphasis on KOSPI manufacturing companies —

Youn Chang Nam®*, Kun Chang Lee **

Abstract

This paper is about applying efficient data mining method which improves the score calculation and

proper building performance of credit ranking score system. The main idea of this data mining

technique is accomplishing such objectives by applying Correlation based Feature Selection which

could also be used to verify the properness of existing rank scores quickly. This study selected

2047 manufacturing companies on KOSPI market during the period of 2009 to 2013, which have their

own credit rank scores given by NICE information service agency. Regarding the relevant financial
variables, total 80 variables were collected from KIS-Value and DART (Data Analysis, Retrieval and

Transfer System). If correlation based feature selection could select more important variables, then

required information and cost would be reduced significantly. Through analysis, this study show that

the proposed correlation based feature selection method improves selection and classification process

of credit rank system so that the accuracy and credibility would be increased while the cost for

building system would be decreased.

» Keyword : credit rating system, Ordinal
KOSPI
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[I. Preliminaries
1. Credit Evaluation
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Table 1. KIS Credit Rating System

Rating / Score Moody's S&P
1¥ Rank (engigeG é(t)r%ng) Aza AAA
e | feams W W
3 Rank Sestron 250 Aa3 AA-
LR

" rank (gge(;la’ig) A3 A=
6" rank (lessseluTne(;rible) gg;; ggg+
7" rank (morgsvinggable) Baa3 BBB=

Be B
8" rank (currenlt?y ;u:lsr?erable) g:a 88(:

th 5~1

9" rank (currently highly vulnerable) Ca ¢
th 0~5

10™ rank (extremely vulnerable) C D

Default

2. Feature Selection
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Fig. 1. Model of Correlation based Feature Selection
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3. Hypotheses
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IIl. The Proposed Scheme and
Analysis Result

1. Sample Selection
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Table 2. Data Set of Sample Companies
Data Set ‘09 | ‘10| ‘11| ‘12| ‘13| Total
KOSPI Listed Frims 819| 842 | 896 | 918 | 922 | 4397
Non-Manufacturing Firms (388)| (410)| (457)| (473)| (479)| (2207)
KOPSI Manufacturing Frims 431 | 432 | 439 | 445 | 443 | 2190
Fiscal Year—-End (Non-Dec) (18)| (17)| (17)| (17)| (16)| (85)
No Record of Credit Rating 0 (2) 0 (3) 0 (5)
Non-unqualified Opinion (6) 0 (1) (3) (6) (16)
Lack of financial
v et 7| | (e (6) (8) (38)
Sample Companies 400 | 402 | 415 | 416 | 413 | 2046

Table 3. Number

of companies scored in Credit rating

system over ‘09 ~ ‘13
Credit .
_ 09 ‘10 ‘11 ‘12 ‘13 Total
Rating
1* Rank 3 2 1 1 3 10
2" Rank 35 38 38 45 41 197
3" Rank 47 50 42 44 52 235
4™ Rank 66 68 60 65 67 326
5" rank 78 87 78 75 76 394
6™ rank 72 67 83 68 63 353
7" rank 54 50 53 52 54 263
8" rank 27 31 34 35 39 166
9™ rank 16 7 13 24 15 75
10" rank 2 2 13 7 3 27
Total 400 402 415 416 413 2046
Avg. rating | 5145 | 5.0199 5.352 5.279 5.138 5.182
2. Variables
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Table 4. Contents of Variables and Definitions

Code Variable Definition
KIS |KIS Credit Rating Dependent Variable
<Price Valuation>
X1 Big4 Big4 Accounting Firms (Yes/No)

Yr. End % of
X2 Foreigner
(Common+ Preferred)

The share % of foreigner in the
fiscal year ending trading day. Data
from KOSCOM

Average price of avg. common stock
price and avg. preferred stock price
during the fiscal year. Data from
KOSCOM

Average of market cap of common
stock and preferred stock during the
fiscal year.

Data from KOSCOM

Average of closing price during the
fiscal year.

Data from KOSCOM

operaping e_arnings _during the fiscal
year including net interest expenses

X3 Avg. End Market cap.
(Common+ Preferred)

X4 Yr. End Market cap.
(Common+ Preferred)

X5 Avg. Price

X6 EBIT (bil)

operating earnings during the fiscal
year + Depreciation + Amortization

X7 EBITDA (bil)

Investing Activities
(bil)

Act.

X18

Cash Flows from
Financing Activities
(bil)

Cash Inflows from Financing
Act.—Cash Outflows from Financing
Act.

<Ratio

of Growth>

X19

Total Assets Growth

(Total Assets(n)/Total
Assets(n-1))*100-100

X20

Tangible Assets
Growth

(Tangible Assets(n)/Tanglble
Assets(n-1))*100-

X21

Current Assets
Growth

(Current Assets(n)/Current Assets
(n-1))*100-100

X22

Inventories Growth

(Inventories(n)/Inventories(n-1))*100~
100

X23

Shareholder’s Equity
Growth

(Shareholder’s Equity(n)/Shareholder’s
Equity(n-1))*100-100

X24

Net Sales Growth

(Net Sales(n)/Net
Sales(n-1))*100-100

X25

No. of Employee
Growth

(No. of Employee(n)/No. of
Employee(n-1))%100-100

<Ratios of Profitability>2000

X26

Operating Income to
Total Assets

(Operating Income/((Total
Assets(n)+ Total Assets(n-1)/2))%100

X27

Income Before
Income Tax Expense
to Total Assets

(EBIT/((Total Assets(n)+ Total
Assets(n=-1))/2))*100

X28

Net Income to Total
Assets

(Net Income/((Total Assets(n)+ Total
Assets(n-1))/2))*100

X29

Net Income Before
Financial Expenses to
Avg.Total Assets

((Net Income+ Financial
Expenses)/((Total Assets(n)+ Total
Assets(n—1))/2))*100

X30

Operating Income to
Operating Capital

Operating Income/((Total
Assets(n)-Construction
In-progress(n)-Total Investment
Assets(n)-Total Other Non-current
Assets(n)-Total Deferred
Assets(n)-Organization
Costs(n)-Development Cost(n)+ Total
Assets(n-1)-Construction
In-progress(n-1)-Total Investment
Assets(n-1)-Total Other Non-current
Assets(n-1)-Total Deferred
Assets(n-1)-Organization
Costs(n-1)-Development
Cost(n-1))/2)x100

X31

Income Before
Income Tax Expense
to Equity

(Income Before Income Tax
Expense/((Total Stockholder's
Equity(n)+ Total Stockholder's
Equity(n-1))/2))*100

X32

Net Income to
Shareholder’s Equity

(Net Income/((Total Shareholder’s
Equity(n)+ Total Shareholder’s
Equity(n-1))/2))*100

X33

Income Before
Income Tax Expense
to Capital Stock

(Income Before Income Tax
Expense/((Capital Stock(n)+ Capital
Stock(n-1)/2))*100

Net Income to Capital

(Net Income/((Capital

Act.—Cash Outflows from Investing

covariance of the return of an asset X34 - B R ;
X8 Beta and the return of the benchmark Stock Stock(n)+ Capital Stock(n-1)/2))#100
divided by the variance of the market Income Before a Bof . T
portfolio X35 |Income Tax Expense |Uncome Before Income Tax
" P o E Net Sales)*100
<Financial Statements> to Net Sales xpense/Net Sales)+
. Total Current Assets+ Housing Rent E Net Income to Net .
X9 |Total Asset (bil) Assetst Total-Non-Current Assets X36  |gales (Net Income/Net Sales*100
Total Current +
X10 |Total Liabilities (bil) |Liabilities+ Total-Non-Current X37 grfss Profit to Net | Gross Profit/Net Sales)*100
Liabilities+ Total Deferred Liabilities ales
Capital Stocks+ Capital Operating Income to i .
X11 Total StQCkhOlder'S Surplus+ Retained Earnings+ Capital X38 Net Sales (Operating Income/Net Sales)*100
Equity(bil) Ad‘J”Stme“tf Otk‘l‘f‘r Co'mprehenswe (Cost of Sales+ Cost of Merchandise
Income/Loss Accumulation X39 Total Expense to & Finished Goods
Gross Sales—Sales Allowance & Total Revenue Sold+ Cos-Other)/(Net
9 |s ( ) (bil) Return—Sales Incentives—Sales Sales+ Non-Operating Income)*100
X1 ales(Net) (bil Discount-Estimated Sales for N N Calon
Returning Goods —Speicifc Purchase X40 |COGS to Net Sales (Cost of Sales/Net Sales)*100
Cost — Sales Adjustment o . (Depreciation)/(Tangible
Cost of Merchandise Sold+ Cost of X41 Depreciation Ratio IAisets—Lonit]i’ucgs?D iation))*100
Finished Goods Sold+ Cost of nrprogress—lLan epreciation))
. Merchandise & Finished Goods (Income Before Income Tax
X13 |Cost of Sales (bil) Sold+ COS-other+ Loss on Valuation X42 |EBIT/Net Sales Expense+ Financial Expenses)/Net
of Inventories-Estimated Cost of Slaes*100
Sales for Returning Goods—Purchas P = )
Discount-COS adhistmant.  renase X43 |EBITDA/Net Sales  |(EBITDA/Net Sales)*100
X14 |Gross Profit (bil) Sales(NET)-Cost of Sales <Leverage(or Safety) Ratio>
- Personal Expenses+ General Equity to Total Total Shareholder’s Equity/Total
X15 i%lht}g (Efl Cenerdl (b)) [|Administrative Expenses+ Selling X4 | fosefs Assets*100
. BXPEnses bl Expensest Other xX45 |C t Rati Current Assets/Non-Current
Net Income(Loss)+ Addition of 0 urrent katio Liabilities*100
X16 (C)aSk;' ElOWZ ftrontl N 15)1(1%3\5\23gﬁ&i‘zhﬂ%‘%gln(itﬁb Not X46 |Quick Ratio Current Assets/Current Liabilities*100
perating ACUVIUES  1hyolying Cash Outflows+ Changes in o Cash&Cash Equivalents/Current
(bil) Asset&Liabilities Resulting from X47 |Cash Ratio Liabilities*100
Operating Activities
S - " Non Current Assets |(Non Current Assets-Deferred
X17 |Cash Flows from Cash Inflows from Investing X48 Ratio Assetst Leased Assetst+ Housing Rent
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Assets)/Total Shareholder’s
Equity*100

Non Current Assets

(Non Current Assets-Deferred

other Constuction(n)+A/R
Other_Housing Lotting_Out(n)+ A/R
Other-Operations(n)+
Other-Operations in Foreign

X49 |to Equity & LT Assets)/(Total Shareholder’s Currency(nm)+ A/R
Liabilities Equity+ Non Current Liabilities)*100 Other-Rent(n)+ Acco/unt
FERTTTIT PR s Receivables(n-1)+ A/R other
X50 Total Liabilities to Total anabnlmes/Total Shareholder’s Constuction(n-1)+ A/R Other_Housing
Shareholder’s Equity |Equity*100 Lotting_Out(n-1)+ A/R
X51 Current Liak,)ilities‘to Current Liabilities/Total Shareholder’s 8%2:;:815233822(?51F);rAei/§n
Shareholder’s Equity |Equity*100 CLlrrency(nzl)+>A)//R)
Non-Current Other-Rent(n-1))/2
X52 %i]ablh}glel?j to Baui I;I}?:re%gqéz‘gzLé%?;}gyf%gmal i%;alesgl(("(l“r)adg AccounPt) bl
areholder’s Equity ayable(n)+ Account Payable
(Account Receivables+ A/R Other Other_Construction(n)+ Trade Account
Constructiont A/R Other. Housing Trade Account Payable ()th:er ()pefatmns(n)+ Trade
Lotting_Out+ A/R X73 Payable Turnover éccobulm Payable(n-1)+ Account
™ - Other-Operations+ A/R ayapie . _
X53 é/R to Trade Account Other-Operations in Foreign Xther,(,o}r;st{’ubcltm?)(lli1 1)+ Trade
ayable Tt - ccount Payable Other
gurrencyPA/R;lOthgr Rem)]/j(’l“raéile Operations(n-1))/2)
ccount Payable+ Account Payable -
Other_Construction+ Trade Ac t Sales/((Account
Pay'zli)_leOg)ltshgléc()lggratigise)*légoun Net Operating Capital Receivablke(n)+ Inventories(n)-Trade
Ny - - - X74 P g p Account Payable(n)+ Account
(Trade Account Payable+ Account Turnover it - ; “1)-
Trade Account Pavable Other Conatruction Trad Receivable(n—-1)+ Inventories(n-1)-Tra
X54 . ayable Other_Construction+ Trade de Account Payable(n-1))/2)
Payable to Inventories |Account Payable Other e
Operations))/Inventories*100 <Productivity>
= , . (Current Assets-Current _ |Net Sales per . .
X55 |INWC to Total Assets Liabilities)/Total Assets*100 X75 Employee b Sales/No.of Employees
(Capital Surplus+ Retained -
Iizé;nilggw Ejg}ital Stocks Oth X76 %gzgmg %eeif(orh?xpense }ncoma} Before Income Tax Expense
. Adjustment+ Treasury Stoc er X No. of Employees
X56  |Reserves Ratio gompre?enzivg Incorr)l}aj{Losls per Employee o of Bmplovees
ccumulate mount ota
Shareholder’s Equity*100 X77 E;tpllggg?e per Net Income/No.of Employees
%:?gi;ﬁgilggéﬁltz Retained . ((Tangible Assets(n)-Construction
Adjustment+ Treasury Stock+ Other Avg.Tangible Assets, |in-progress(n)+ Tangible
X57 |R/E to Total Assets Comprehensive Income/Loss X78 |net of CIP per Assets(n—-1)-Construction
Accumulegsd Amount)/Total Employee E;gll”:;fig:ism’l))/m/l\]o- of
Assets#*1 ees
(Capital Surplus+ Retained Machinery & ((Machinery & Equipment
L Earnings+ Capital X79 |Equipment per (n)+Machinery & Equipment
X58 R/E to Paid-in Adjustment+ Treasury Stock+ Other Employee (n-1))/2)/No. of Employees
. Capital Comprehensive Income/Loss
Accumulated Amount)/Paid-in X80 Total Assets per ((Total Assets(n)+ Total
Capital*100 Employee Assets(n-1))/2)/No. of Employees
x59 |Total C/F to Total  |Total C/F(Adjustment Net
Liabilities Income)/Total Liabilities*100
Total C/F to Total Total C/F(Adjustment Net
X60 Assets Income)/Total Assets*100 3 Methods
<61 |Total C/F to Net Total C/F(Adjustment Net ATl A= 2009WHE 20137442 204671 714
Sales Income)/Net Sales*100 o o = = Ao =
<Activity(or Efficiency or Asset Management Ratio> o] AR HE T 807HA 9] HHHSES HolHMoR
X62 Total Assets iales/((”l“_otal Assets(n)+ Total o] Fou|3t EHHFEELS FE3t) welA] -’L',:—Ai?sg ZA|AHE
Turnover ssets(n-1))/2)
. Sales/((Total Shareholder’s | 5’_—}-‘—'}% %8H 1 ‘]—;SI‘_Q_E %9] U]Z}’l— ﬂf"—«‘é—% /}j?(é i:sl-]:} ]:}.9.}‘_3_
X63 |Equity Turnover Equity(n)+ Total Shareholder’s N R .
2quity(n— = P S
- Eautyn 1)) 2 544E 1M B 1 el wrse 2Adew
X64 Paid-in Capital Sales/((Paid-in Capital(n)+ Paid-in - _ _ _
Turmover Sl 1/ Fzdth of B BN sdel AEFH D w4
Sales/(((Current Assets(n)-Current - P -
= T Liabilities(n))+ (Current = HEEL st}
X65 |NWC Turnover Assets(n-1)-Current T = e o
Liabilities(n-1)))/2) o2 £A4Y 2R 2y FATtoR &3 HEERE T4
Sales/((Total Assets(n)-Total = o - o s
Investment Assets(n)-Total Other € dlelEMla SAAE 7S A8ste] &3 HFER T
Deferred Assets(n)-Organization PN =] =
gosisgng—gevelopng_em }5]% H]O]EMU 7‘1—7_[]—01 T':’ﬂzsoi EX]Z—\—Q f}'\jloﬂj\_‘i EI—O]"L:: Gﬂ—::‘
. i osts(n)-Construction - -
x66 |Operating Capital in-progress(n))+ (Total go] AolE T-testE B3l Wt /i 7|49 AA| A&
Turnover gssetsgn—%;—?nai Icl;\éestrrﬁent c .
ﬁiiiigﬁ-g-g‘éil Deferred o BA AR A5 ZEdA AXNE ALRAH dS%e] Aol
ssets(n—1)-Organization = = = _
Costs(n-1)-Development KHOHH 7]‘2‘}‘ Z—j%‘% }é}\ 0]'-1_—" O]% %0}'0% T'/_:/Hﬁo ix]/\a
_Costs(n—l)—Constru{ctlon “ = o _ o s -
nprogress(n1))/2) B4 9 BAME HE AEsle] FEE W5 B
N c ¢ Asset iales/(((l\l)orffcfurrem = Womo] 2 ]— Aol O:] 15 o ]_]‘ =0 1o E]—
on—Curren ssets ssets(n)-Deferred =d4o 7 k] | ol = =2-
X67 Turnover ‘Assets(nm)+ Non-Current ‘ = = ] LT’] T “10'1-4— ol ] TF’] U ]_I == il
Abbetb(nfl)iDeferred Assets(n-1))/2) = ;g% Q’?_ﬁ]—jlﬂ— ?:S}E}—
iales/(((T)atEglble )
; ssets(n)-Construction
X68 $ang1ble Assets in-progress(n)+ A Tangible
urnover Assets(n-1)-Construction
in-progress(n-1))/2) 4. Results
. Sales/((Inventories(n)+ Inventories(n-1
X69 |Inventories Turnover [y)q) 4.1 Model Comparison
. Sales/((Merchandise(n)+ Finished - . _
Merchandise & Goods(n)+ Semi Finished TL: }\163 ix]}\r—;] T"i‘/‘jf% %‘6}'0% ﬂ‘g‘uéﬁoﬂ 05]63:—%— U]
X70 |Finished Goods Goods(n)+ Merchandise(n-1)+ Finished
fumover Goosta 1y ™ e e SYAFES FEAAT. 1 A% P ANE F 80
oods(n— 2 : >
Raw Materials Sales/((Raw Materials(n)+ Raw 7 ZgHSs o Me] HaEo] EAA O o olm| &}
x71 |Raw Mat Vales/((Raw Mate Hol Hwas FollM 20709 W50l BAA SR fFon|
A=) REE PN == 25 S B Ao ol
X72 |A/R Turnover Sales/((Account Receivables(n)+A/R = H%Ti —"Egl?j\ljr T’——‘/\i €] EX]%E/} T':'W'J ﬁ‘?—ﬂ]— =~ }’1
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Table 5. Variables Selected by Ordinal Logistic regression
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