
http://dx.doi.org/10.11627/jkise.2012.35.4.73 pISSN 2005-0461
eISSN 2287-7975

A Study on Estimation of R&D Research Funds by Linear 
Regression and Decision Tree Analysis

Dong-Guen Kim* Youngdon Cheon** Sungkyu Kim**
Yoon Been Lee* Ji Ho Hwang* Yong Soo Kim***

*Korea Institute of Science and Technology Evaluation and Planning
**Department of Industrial and Management Engineering, Graduate School, Kyonggi University

***Department of Industrial and Management Engineering, Kyonggi University

회귀분석 및 의사결정나무 분석을 통한 
R&D 연구비 추정에 관한 연구
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Currently, R&D investment of government is increased dramatically. However, the budget of the government is different depend-
ing on the size of ministry and priorities, and then it is difficult to obtain consensus on the budget. They did not establish 
decision support systems to evaluate and execute R&D budget. In this paper, we analyze factors affecting research funds by 
linear regression and decision tree analysis in order to increase investment efficiency in national research project. Moreover, 
we suggested strategies that budget is estimated reasonably.
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1.2 연구의 목적

, , 

.

.
, 

R&D 
. 

, 
.
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3. 데이터 전처리 및 데이터 모형 수립

3.1 데이터 전처리 및 시각화
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<Figure 1> Average and Median Based on R&D Phases
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, 4,110
.

데이터 변수 선정

<Table 1> . 
, 

 , 
( ), ( ), ( )

.  , , , 
, ,  , 

BT(Bio Technology), CT(Culture Technology), ET(Environ-
ment Technology), IT(Information Technology), NT(Nano 
Technology), ST(Space Technology) , 

. 
, ( )

, ( ) (
)

% . ( )
, , , 

.

<Table 1> Definition of Variables

Variable Variables Name Contents

Categorical 
variable


Research and 

development phases
Basis() Development( ) 
Application( )


Conduct research 

subject
Industry(), Institute( ), 
Government( ), University()

 Research area BT(), CT( ), ET( ), 
IT(), NT(), ST()

Continuous
variable

 Period Unit : Month


Cost of government 

contribution
Cost of government contribution/
Total research fund(Unit : %)

 Labor cost Labor cost/Total research fund 
(Unit : %)


Research equipments 
and materials cost

Research equipments and materials
cost/Total research fund(Unit : %)

 Operating cost Operating cost/Total research fund
(Unit : %)


Cost of researches 

commissioned
Cost of researches commissioned/ 
Total research fund(Unit : %)

 Overhead cost Overhead cost/Total research fund 
(Unit : %)


Number of 
researchers Number of researchers


Total research

funds Unit : One million won

3.2 데이터 분석결과

SAS 9.2 Enterprise Miner
, 

, 
70% 30%

.

선형회귀분석
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<Figure 3> Residual Analysis for ‘Y = Total Research Funds’

, <Figure 
4> , , 
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<Figure 4> Normality Test for ‘Y = Total Research Funds’

Douglas CM et al.[4] Funnel
(ln)

. , 
<Figure 5> . 

, 
. , 

<Figure 6>
.

<Figure 5> Residual Analysis for ‘Y= ln(Total Research Funds)’

<Figure 6> Normality Test for ‘Y = ln(Total Research Funds)’

, 
(BT, CT, ET, IT, NT, ST)

, 
.

Full model Stepwise
, 

. <Table 2>
, 

43% . , 
, 

26%
, ST 12% 

. 
1~2% . 

<Table 2> Summary Statistics of All Possible Regression 

Entire Data

Parameter Estimate
Standard

Error
t-value Pr>|t| Multiple

Intercept 4.66 0.11 41.58 < .0001 105.41 
Development( ) -0.22 0.02 -13.05 < .0001 0.80 

Basis() -0.14 0.02 -8.62 < .0001 0.87 
Application( ) 0.36 - - - 1.43 

Industry() 0.23 0.07 3.38 0.0007 1.26 
Institute( ) 0.03 0.07 0.42 0.5535 1.03 

Government( ) -0.18 0.19 -0.92 0.3552 0.84 
University() -0.08 - - - 0.92 

BT() -0.09 0.02 -5.31 < .0001 0.92 
CT( ) -0.05 0.05 -1.16 0.2468 0.95 
ET( ) -0.04 0.02 -1.76 0.0793 0.96 
IT() -0.01 0.02 -0.68 0.4978 0.99 
NT() 0.08 0.02 4.01 < .0001 1.09 
ST() 0.11 - - - 1.12 
Period 0.02 0.00 34.63 < .0001 1.02 

Cost of government 
contribution -0.63 0.10 -6.20 < .0001 0.53 

Labor cost 0.28 0.04 6.37 < .0001 1.33 
Research equipments 

and materials cost -0.51 0.05 -10.66 < .0001 0.60 

Cost of researches 
commissioned 2.97 0.14 21.44 < .0001 19.58 

Overhead cost -0.68 0.13 -5.41 < .0001 0.51 
Number of researchers 0.01 0.00 23.85 < .0001 1.01 

, 
<Table 3> , 

, 
. , 
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<Figure 7> Decision Tree of Entire Data

. 

<Table 3> Regression Equation Based on Total Research Funds

Division Regression equation

All     
    ⋯ 

BT      
    ⋯ 

CT      


ET      
 ⋯ 

IT      
   ⋯ 

NT      
    ⋯ 

ST      


의사결정나무분석

.
5, 

2, 
6

23 , CART CHAID
. 

, <Table 
4>

, RMSE 83.7950 , 
0.8179 81.79%

. , RMSE, 
R-square , CART CHAID
RMSE .

<Table 4> Summary Statistics of Decision Tree Analysis

Division Option N Average RMSE R-square

All CART 2877 135.46 83.80 0.82 
BT CHAID 1518 127.77 73.73 0.82 
CT CHAID 47 105.52 39.70 0.78 
ET CART 361 112.92 108.21 0.65 
IT CHAID 480 137.15 82.52 0.87 
NT CHAID 432 174.33 130.59 0.89 
ST CHAID 39 121.80 132.17 0.54 

<Figure 7> , 1 3,546
, 

. 
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, 
.

<Table 5>
. 0.37% , 

19.5 , , 
40.5

.

 <Table 5> Summary Statistics of Decision Tree Analysis 

Using Entire Data

Division Condition Result

Cost of 
researches 

commissioned 
<

0.37%

Period 
<

87month

Period < 46.5month and Number 
of researchers < 16.5 person

N = 1975

Avg = 68.41

Period < 46.5month and Number 
of researchers 16.5 person

N = 336

Avg = 133.49

Period 46.5month and Cost of 
researches commissioned < 98.31%

N = 9

Avg = 462.83

Period 46.5month and Cost of 
researches commissioned 
98.31%

N = 86

Avg = 208.99

Period 

87month
-

N = 14

Avg = 996.12

Cost of 
researches 

commissioned

0.37%

Number
of 

researchers 
<

19.5
person

Period < 38month and Number of 
researchers < 11.5 person

N = 77

Avg = 162.39

Period < 38month and Number of 
researchers 11.5 person

N = 90

Avg = 260.05

Period 38 person
N = 8

Avg = 510.96

Number
of 

researchers 

19.5
person

Development( ), Basis() 
and Number of researchers < 
63.5 person

N = 70

Avg = 296.63

Development( ), Basis() 
and Number of researchers 
63.5 person

N = 8

Avg = 710.46

Application( ) and Period < 
40.5month

N = 192

Avg = 514.35

Application(  )and Period 
40.5month

N = 12

Avg = 777.68

, 
, .

<Table 6> BT , 
, 

.

 <Table 6> Summary Statistics of Decision Tree Analysis 

Using BT Data

Division Condition Result

Cost of 
researches 

commissioned 
<

0.21%

Period 
<

87month

Number of researchers < 16.5 
person and Period < 43 month

N = 983

Avg = 67.27

Number of researchers < 16.5 
person and Period  43 month

N = 49

Avg = 157.20

Number of researchers 16.5 
person and Period < 55.5 month

N = 236

Avg = 135.29

Number of researchers 16.5 
person and Period 55.5 month

N = 15

Avg = 289.33
Period

87month
-

N = 6 

Avg = 1129.65

Cost of 
researches 

commissioned 

0.21%

Number
of 

researchers 
<

23.5
person

Number of researchers < 13.5 
person and Research equipments 
and materials cost < 46.8%

N = 43

Avg = 128.34
Number of researchers < 13.5 
person and Research equipments 
and materials cost 46.8and

N = 16

Avg = 221.00

Number of researchers 13.5 
person

N = 53

Avg = 258.20

Number
of 

researchers 

23.5
person

Application( ), Basis() and 
Period < 40.5month

N = 89

Avg = 486.25

Application( ), Basis() and 
Period 40.5month

N = 7

Avg = 858.67

Development( ) and Cost of 
researches commissioned < 12.5%

N = 11

Avg = 321.49

Development( ) and Cost of 
researches commissioned 12.5%

N = 10

Avg = 152.11

CT <Table 7>
, 

/
. , CT

. 

 <Table 7> Summary Statistics of Decision Tree Analysis 

Using CT Data

Division Condition Result

Basis
()

Period 
<

34month

Number of researchers < 
17 person

N = 29
Avg = 55.69

Number of researchers 
17 person

N = 6
Avg = 85.79

Period 34month
N = 7
Avg = 112.54

Application
( )

-
N = 5
Avg = 408.4
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ET , , 
, 

. <Table 8>
ET .

 <Table 8> Summary Statistics of Decision Tree Analysis 

Using ET Data

Division Condition Result

Cost of 
researches 

commissioned 
<

1.5%

Period
< 46.5 
month

Cost of government contribution 
< 60.6%

N = 5
Avg = 408.96

Cost of government contribution 
60.6 % and Industry()

N = 54
Avg = 130.37

Cost of government contribution 
60.6 % and University()

N = 259
Avg = 66.01

Period
46.5 

month
-

N = 14
Avg = 277.45

Cost of 
researches 

commissioned 

1.5%

Period
< 35.5 
month

Cost of researches commissioned 
< 22.1% and Labor cost < 33%

N = 8
Avg = 381.14

Cost of researches commissioned 
< 22.1% and Labor cost 33%

N = 8
Avg = 220.33

Cost of researches commissioned 
22.1%

N = 6
Avg = 147.09

Period
35.5 

month
-

N = 8
Avg = 644.06

<Table 9> IT 
, IT /

. , IT 

, IT
, .

 <Table 9> Summary Statistics of Decision Tree Analysis 

Using IT Data

Division Condition Result

Development
( ), 

Basis()

Period < 52

Cost of researches 
commissioned < 2.1%

N = 383
Avg = 68.41

Cost of researches 
commissioned 2.1%

N = 336
Avg = 133.49

-
N = 15
Avg = 194.6

Period 52 Number of researchers 
< 14 person

N = 7 
Avg = 153.36

Application
( )

Number of 
researchers < 17.5

Number of researchers 
14 person

N = 5
Avg = 352.99

Cost of researches 
commissioned < 7.4%

N = 29
Avg = 605.38

Number of 
researchers 17.5

Cost of researches 
commissioned 7.4%

N = 31
Avg = 448.75

NT <Table 10> IT
, 

. , 
.

<Table 10> Summary Statistics of Decision Tree Analysis 

Using NT Data

Division Condition Result

Cost of 
government 
contribution 

<
89%

Number of 
researchers 

 < 17.5 person

Number of researchers 
< 8.5 person

N = 5
Avg = 82.12

Number of researchers 
8.5 person

N = 11
Avg = 405.91

Number of 
researchers 

 17.5 person

Number of researchers < 
37.5 person

N = 33
Avg = 559.63

Number of researchers 
37.5 person

N = 13
Avg = 767.72

Cost of 
government 
contribution

 
89%

Cost of researches 
commissioned 

< 0.3%

Period < 46 month
N = 298
Avg = 71.53

Period 46month
N = 21
Avg = 264.23

Cost of researches 
commissioned 

0.3%

Number of researchers < 
22.5 person

N = 30
Avg = 193.43

Number of researchers 
22.5 person

N = 21
Avg = 443.91

<Table 11> ST
, ST

. , 
11 3

. ST 
.

<Table 11> Summary Statistics of Decision Tree Analysis 

Using ST Data

Division Condition Result

Number of 
researchers

< 11

Operating cost 
7.7%

Period < 28 and 
Overhead cost < 16.6%

N = 12
Avg = 56.97

Period < 28 and 
Overhead cost 16.6%

N = 7
Avg = 51.83

Period 28 month
N = 8
Avg = 74.58

Operating cost 
< 7.7% -

N = 5
Avg = 177

Number of 
researchers

11
-

N = 7
Average = 317.43

기법간 분석

. Ad R- 
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Square R-Square
RMSE

.
<Table 12>

R-Square RMSE
, CT IT

, 
.

<Table 12> Comparison Table of R-square and RMSE

Method of analysis Entire BT CT

Linear
Regression

Full 
Model

Ad 
R-Square 0.65 0.64 0.85 

RMSE 355.97 137.99 39.99 

Step
wise

Ad 
R-Square 0.65 0.64 0.86 

RMSE 355.97 139.32 36.71*

Decision 
Tree

CART
R-Square 0.82 0.82 0.67 

RMSE 83.80* 77.40 39.95 

CHAID
R-Square 0.81 0.78 0.67 

RMSE 84.52 73.73* 39.70 
Method of analysis IT NT ST ET

Linear
Regression

Full 
Model

Ad 
R-Square  0.82   0.77    0.78   0.63 

RMSE 77.36 233.62 1007.09 125.73 

Step
wise

Ad 
R-Square  0.83   0.77    0.74   0.63 

RMSE 77.23* 239.68  184.24 124.31 

Decision 
Tree

CART
R-Square  0.90   0.92    0.54   0.65 

RMSE 83.54 139.19  132.17  96.40*

CHAID
R-Square  0.87   0.89    0.54   0.63 

RMSE 82.52 130.59*  132.17* 108.21 

4. 결론 및 향후 연구방향

, 
, 

. 
.

BT , /
. 

. 

. 
CT

, ET , 

.
ET, IT NT , 

, 

.
ST , 

, 
.

, 
, 

.
, 

, 
. 

, 
. 

, 
, 

.
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