"m Check for updates

Journal of the Korean Institute of Industrial Engineers https://doi.org/10.7232/JKIIE.2021.47.6.490
Vol. 47, No. 6, pp. 490-503, December 2021. © 2021 KIIE
ISSN 1225-0988 | EISSN 2234-6457

R&D Performance Analysis of Government-Funded Research
Institutes Using Formal Concept Analysis

Hoon-Young Koo' - Heejung Lee’ - Geun-Cheol Lee’

'School of Business, Chungnam National University
*School of Interdisciplinary Industrial Studies, Hanyang University

*College of Business Administration, Konkuk University

With the constant growth of R&D investment by government-funded research institutes, it has been increasingly
necessary to evaluate the effectiveness of R&D performance. There are many approaches that have focused on
R&D performance evaluation. Literature is unclear, however, how stakeholders can exploit performance results
to improve their R&D capability. In this study, based on the intellectual capital possessed by research institutes,
we proposed a new method to search improvement directions in R&D operation levels. To this end, formal
concept analysis, which recognizes a research institution as an object, defining the intellectual capital as an
attribute, was conducted. The proposed method conceptually clusters the relationship between objects and
attributes and examines their hierarchical relationships. The case study shows the proposed method not only
provides guidelines for improvement paths for individual research institutes but also identifies the components
of intellectual capital that are meaningful in common.
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R&D Performance Analysis of Government-Funded Research Institutes Using Formal Concept Analysis
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Figure 2. Concept Lattice in a Compact Form
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Figure 3. Procedure of FCA-based Analysis
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Table 2. Quartile-cumulative Formal Context

P p+ | pt+ [pt+t]| q q+ | g+ | g+t
81 X X
o3 X X X X X
23 X X X X
24 X X X X X X
gs X X X X
26 X X X X X X
g7 X X X X X
28 X X X X X X X X

(O Extent Intent object concept? | level of intellectual capital
Co (gs) (p, pt, pt+, pt+t, q, qF, qtt, q+++) Yes, 7(gs) 8
G (g4, 29) (p, pt, ptt, pt+t, q, qF) Yes, (g4 6
C (g6, gs) (p, pt. ¢, qF, qtt, q+++) Yes, 7(gs) 6
Cs (g2, 86, 88) (p, Pt, 4, qF, 9t1) Yes, 7(g2) 5
Cq (g4, g7, 88) (p, pt, ptt, g, 1) Yes, +(g7) 5
Cs (g2, 85, 6, %) (P, ¢, g+, qt1) Yes, (gs) 4
Ce (g3 84 87, %) (p, pt, ptt, q) Yes, 1(g3) 4
Gy (82, 84 g6 g7, 8) (p, p+. 4, qF) No 4
Cs (g2, 83, 84, Zo» 87, 8) (p, pt, Q) No 3
Co (g2, 84 85, 8o» 87, 8s) (P, 9, 9t) No 3
Cio | (81, 8, 3, 84, &5 Z6» &7, &) (p, @) Yes, v(g1) 2
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Figure 5. Concept Lattice Derived from <Table 2>
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Table 4. Quartile-Cumulative Formal Context for Young Group

1D R R+ | R++ |[R+++| M | M+ | M++ [M+++] L L+ | L++ |L+++| F F+ | F++ | F+++
yi(g3) X X X X X X X X X X X X
y2(g6) X X X X X X X X X X X X
y3(g7) X X X X X X X X X X X X X
y4(g9) X X X X X X X
ys(gi2) X X X X X X X X
Vo(g16) X X X X X X X X X X X
y7(g20) X X X X X X X X X X
ys(g21) X X X X X X X X X X X X
yo(g22) X X X X X X X X X X X X X
yio(g23) X X X X X X X X X X X
yi1(g24) X X X X X X X X X
y12(g2s) X X X X X X X
y13(829) X X X X X X X X X X X
yi14(g30) X X X X X X X X
yis(g31) X X X X X X
Yi6(g33) X X X X X X
yi7(g34) X X X X X
yis(g3s) X X X X X X X X
Yi9(g37) X X X X X X X
V20(g38) X X X X X

Table 5. Quartile-Cumulative Formal Context for Matured Group

ID R R+ R++ | R+++ M M+ M++ | M+++ L L+ L++ | L+++ F F+ F++ | F+++
mi(gi) X X X X X X X X X X X X X X X X
my(g) X X X X
m3(g4) X X X X X X X X
ma(gs) X X X X X X X X X
ms(gs) X X X X X X X
me(g1o) X X X X X X X X X
ms(gii) X X X X X X X X X
mg(g13) X X X X X X X X X X X X X
mo(g4) X X X X X X X
mio(gis) X X X X X X X X X X X X X X X
myi(gi7) X X X X
mi2(gis) X X X X X X X X X
mi3(gio) X X X X X X
mi4(g2s) X X X X X X
ms(gae) X X X X X X X X X X
mis(g27) X X X X X X X
mi7(gs2) X X X X X X X X X
ms(g36) X X X X X X X X X X
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Figure 7. Concept Lattice for Young Group
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Target in concern (Lv. 3) Benchmark (Lv. 4) GAP
ys Cs Co {F++, R++, L+, R+++, L++}
ye G Co {M+++, R++, Rt, R++, M++}
y7 Cn C {R+++, L+, L++, F+++}
ys G G {R-++, L+, FH+)
Yo Cs Ci {M+++}
Y10 Cis Cy {L++}
yu Ca Co {R+++, M++, F++, L++}
yi2 Cas Co {F++, R++, R+, R+++, F+, L++}
yis Cs G {(R+++, L+, L++, R++}
yi4 Cs Co {M+++, F++, R++, R+++, M++, F+++}
yis Cis Co {M+++, F++, R++, R+, R+++, M+, M++, F+++}
Y16 Cs7 Cy {R++, R+, L+, R+++, M+, M++, L++}
yi7 Cis Cy {F++, R++, L+, R+++, F+, M++, L++}
yis Cis Cy {R+++, M++, F++}
Table 7. Gap analysis for Matured Group
Target in concern (Lv. 3) Benchmark (Lv. 4) GAP
mg (o Co {L++, L+++}
my Css Cis {L+, Ft, F++}
mio C Co {L+++}
my Cs7 Co {L+, R+, L++, L+++}
mi; Ce Co {M+++, F++, R+++, M+, M++, F+++}
mi; Cig Cg {M++, F+, F++, R+}
miy Cas Cis {M+, R+, R++}
mis Cy Co {(M+++}
Mmig Cy Co {M+++, L+, L++, L+++}
my7 Cy Co {M+++, F++, R++, R+, R+++, M++, F+++}
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Figure 9. Gap Analysis in a Holistic View
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<Appendix A> Human/Structural Capital and Evaluation Results

Human capital structure capital Evaluation results
Institute Researchers staffs Labor cost Total revenue| ages | Total score Grade Year HAA=
per person

g1 596 278 106.4 326,698 55 87.402 4 Excellent 2019
g2 193 94 63.1 100,800 33 85.48 4 Excellent 2019
23 192 80 91.7 84,958 14 84.76 4 Excellent 2017
g4 368 144 84.1 164,635 45 84.42 4 Excellent 2019
gs 241 173 94.7 180,157 36 83.71 4 Excellent 2018
26 291 164 103.2 265,690 14 83.47 4 Excellent 2019
g7 220 100 131.7 223,351 26 82.93 4 Excellent 2018
28 251 71 116.0 147,450 45 82.16 4 Excellent 2017
2o 78 19 90.9 25,850 27 81.10 4 Excellent 2018
gio 317 256 89.6 159,710 45 81.06 4 Excellent 2019
g 345 200 86.0 156,657 46 80.29 4 Excellent 2019
g2 60 56 68.6 33,648 14 79.84 3 Average 2019
213 821 271 83.7 373,278 32 79.70 3 Average 2019
gi4 320 119 81.1 145,752 38 79.52 3 Average 2017
215 1098 498 95.1 544,768 62 78.87 3 Average 2019
2i6 4 46 107.8 189,093 22 78.14 3 Average 2017
g7 116 104 83.7 57,862 39 78.10 3 Average 2017
218 321 96 116.3 160,811 44 77.06 3 Average 2019
219 149 121 89.0 123,344 33 77.03 3 Average 2018
220 136 137 80.3 184,635 16 76.93 3 Average 2017
21 101 100 87.4 115,548 10 76.63 3 Average 2018
29 183 96 101.4 185,374 10 75.68 3 Average 2019
223 300 88 85.1 143,354 10 75.52 3 Average 2017
224 132 38 89.3 60,812 27 75.49 3 Average 2017
5 144 75 85.2 205,458 34 75.38 3 Average 2017
226 1758 248 102.6 645,101 45 74.67 3 Average 2018
227 643 200 82.0 648,900 32 72.32 3 Average 2017
228 6 64 89.5 29,414 19 72.05 3 Average 2019
229 73 236 60.1 591,671 10 71.23 3 Average 2019
230 51 22 111.2 47,086 19 70.90 3 Average 2018
231 28 13 126.8 32,150 10 70.82 3 Average 2018
g3 196 170 102.2 161,418 48 70.68 3 Average 2018
233 35 5 70.2 82,210 14 70.65 3 Average 2018
234 70 24 74.1 18,139 11 70.56 3 Average 2019
235 122 27 95.2 29,511 25 70.46 3 Average 2019
236 251 1159 64.5 326,002 58 61.35 2 Poor 2018
237 49 10 138.2 28,209 12 60.64 2 Poor 2018
238 19 11 93.7 12,890 16 51.09 1 Very poor 2017
Q1 74.3 48.5 83.7 58599.5 14.0

Q2 187.5 98.0 89.6 152053.5 27.0

Q3 312.8 172.3 102.5 201366.8 42.8
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