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Abstract

The purpose of this paper is to discuss possibilities of applying growth curve models, such as Logistic,
Log-Logistic, Log-Normal, Gompertz and Weibull, to three specific technology areas of Fishery Science
and Technology in the process of measuring their technology level between Korea and countries with the
state-of-the art level. Technology areas of hazard control of organism, environment restoration, and fish
cluster detect were selected for this study. Expert panel survey was conducted to construct relevant panel
data for years of 2013, 2016, and a future time of approaching the theoretical maximum technology level.
The size of data was 70, 70 and 40 respectively.

First finding is that estimation of shape and location parameters of each model was statistically
significant, and lack-of-fit test using estimated parameters was statistically rejected for each model, meaning
all models were good enough to apply for measuring technology levels.

Second, three models other than Pearl and Gompertz seemed very appropriate to apply despite the fact
that previous case studies have used only Gompertz and Pearl. This study suggests that Weibull model

would be a very valid candidate for the purpose.
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Third, fish cluster detect technology level is relatively higher for both Korea and a country with the state-

of-the-art among three areas as of 2013. However, all three areas seem to be approaching their limits(highest

technology level point) until 2020 for countries with the state-of-the-art. This implies that Korea might have

to speed up her research activities in order to catch up them prior to 2020.

Final suggestion is that future study may better apply various and more appropriate models respectively

considering each technology characteristics and other factors.

Keywords : Fishery science and technology level, Measuring technology level, Dynamic approach by

growth curve models, Technology life cycle and its growth stageparticipation
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Fig. 1. Level of Technology Development and Growth Curve.
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Table 1. Growth Curve Models

Model Key Features

« functional formula : f{£) P

Logistic . . .
£ « inflection point : t=c¢

« symmetric at inflection point

L

« functional formula : f{¢) m

Log-Logistic . . .
£--08 « inflection point : t=c¢

 symmetric at inflection point

« functional formula : ) =L(®(b(In(f) — Inc)))®, is cumulative normal distribution function
Log-Normal « inflection point : t=c¢
« symmetric at inflection point

« functional formula : {f)=L - e < <"
. . . Inc
Gompertz « inflection point : (==

« asymmetric at inflection point

— o= blin) = In(e)

« functional formula : {f)=L - ¢
Weibull « inflection point : t=c¢
» asymmetric at inflection point

Variables and parameters : f{f)=technology growth level at t, L=theoretical maximum technology level,
t=time, b=shape parameter, c=location parameter

Source : Ritz & Strebig (2013), pp.58~59, pp.68~80 and pp.138~ 144.

Logistic 2% 3} o - FAFsleh bk, & 2 3 Aol ol ndE
a1 2] o] oFL : = Ja= o

SA9 RN A e FHE RAT g o e w
S 9] %, Choi, et al.(2000)7} 21744 o =

= ENPNFE - o =
ol Log-Normal .8 & 2 85 A1 7} %1t} Al Ve EY HE A

fr ol

Bark(2007a, 2007b)©. & Kim, et al.(1999)2] 2} &

Ao oA AR dEe gy mE g

O

REA RFPLG tz TG o2t 3 4= 9 5
2l 23 & Gompert ;Eh}%:Mﬁ HEH 2EF 7% Belel Ao 483
o] A& Gompertz(1825)7} AHE AAYES 13 A} o] T AT YLS A - 2HA A A 1074
5 & o o) 0] ' N
Qjﬁﬁﬂ%ﬁgiiifajA&kii AMAA oY Hofo] & ghgou], o
: tW' ht(1926)7} A4 2§ o 7 AL-43}
42 Wright(1926)7} No . jo}o 2 A3} 5l 7] 4 Eofo 285} % oh(Bark, et al.
vl ¢l 0, Medawar(1940)= S A& o 44
o 2010; Bark, et al., 2013). 0] & 3| 7]
2R3 3 ) or B L. _ _ =
=24 35)7] 98 o] mE LS A1L517| = 3tA L) 7| o] Te ] E42 82500 ul7 /\]ﬁoﬂ/\—]_,]
&0l AR E o Aeggzdo
< 9] ioﬁ;i EIE'IHQ]_] o 3£ 4] 7%)\2%01]_{‘5_31___110 oS- A|etslg o, o
2} o Q
i\:; Friaﬂ ?v ib 113951) | 28 2y G2l 4T A A 7T (racing oriented
eibu 2 Weibu o] 27%
o7 AEHX 404,} A g4 25t Holo| A d ] AF analySI) S I A A
- e 7bs3& AA B

$H3 gt o2 FeiA Ut o] By

£ Y83} 9] Logistic =& 7} Gompertz =& S

ee]

=+ 1} 8} 7] % 7] & F 7} ¥ (Korea Institute of
Science & Technology Evaluation and Planning:
KISTEP) 9] & L8] E 2 7}x}p 9l o] 4] thorat A]
W3t 7 Hobo] g3 7| 2B 7S AW ot

Logistic & & o] L} Gompertz X & of H] 3| H21H
o] 912 o] eAsiThz S40] Slek. Fujel
734, Jin, et al.(2013)7} A A7}A 9] = Q Ao
&3 A 7F Tk
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=2 Logistic =& I} Gompertz =& & 4835142
o, Kim, et al.(2010), Han, et al.(2010), Ryu(2012)

=Nye]
[¢)

HAES EOIEL Sl t(Kim, et al., 2010).
=0

23 0191011 o

Table 2. Comparison on Case Study for Dynamic Technology Level Evaluation

AR 7 szl
gk |BHE Whd Sl 7He et 74 ol
H A =9 = A E8hR] kT
3} Logistic = & ¥} Gompertz & & ] #]-g-of =3t
A o] = AR A
3

St
FEejo] AR

o 7247k S| oF}at, ulo] 97 - AlA, 18 A
HA27] & wokol] A s Lt = 7HA 2 F

2 83lo] 7| 442 715}l th(<Table 2>
. Kim, et al.(2009, 2010)= 7| &422] 2|4
FALS A AT A A A (HE) S
]_o:] o Ve Fa ARl

off tieh &4 kol gt

BT Rop

5-3]] A & A o] (hazard control
of organism), = 4F 3+ 7 & ¢ (environment
restoration), 1 2] 31 o]t
oFo| t}(Table 3 %
atatkel 7| e okl ti iR
4hH 3t o] f A Atof]

Al (fish cluster detect) &

22). o] Al 7HA] £ER Bopi

NFEoRE 77 R

st wotol o, 3]

AEA o] 9 44HeHA B Y Hokis g 7] & Hok

714 543121

o elo] W A= AHAH §714 9
E o] 7}3ltt o] LEHA Hof= At F o7 &
21 5 40] EakEof 9lut.

Aol A AL-g-3F YR} HE (raw data)+= Bark,

et al.(2013)0ﬂ A =23 Aot} & ].J_]_gpﬂg

A

woF AA A=

of  HEd& FER

7}i85

o
hg HESY WAL ot

Author Technology Model Reference
Logistic* 11 cats Kim et al.(1 : il
Bark(2007a.b) 8 technology areas ogistic 8 small ca c?go.ry areas by '1m et al.(1999): mobile
Gompertz telecommunication, automobile, system software, etc.

Byeon, et al.(2008) 90 key technology areas

Pearl, Gompertz

National Science & Technology Foresight, 2007

Kim, et al.(2009) same above

Pearl, Gompertz

Han, et al.(2010) bio-chip sensor technology

Pearl, Gompertz

KISTEP National Technology Assessment, 2008

10 construction engineering

Bark, et al.(2010) areas

Gompertz

building, construction materials, road & rail, water
resources, plant, etc

Kim, et al.(2010) ocean science & technology

Pearl, Gompertz

27 middle class category technology areas

information & electronics
technology
(15 key technology areas & 57
specified technology areas)

Ryu(2012)

Peal, Gompertz

KISTEP National Technology Assessment, 2008,

2010

Bark, et al.(2013) | fisheries science & technology

Gompertz

6 top class, 12 middle class, 34 small class category
technology areas

* Logistic model is equivalent to Pearl model. Previous studies did not compare and analyze estimated results by two models, but

mostly used results from Gompertz model.

4) A3 41 o] chorpst mgol o
5) BRI o Aol o)A
t}. sapel] A7 $A4taE] & B
o AQ7|7He 20124 1095
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Table 3. Case analysis object of Fishery Science

Large Categories| Medium Categories | Small Categories Detailed Contents
. hazard control of | red tide, jellyfish, green algae, shellfish-toxin plankton, control
. environment . . . .
fisheries ) organism technology of invasive species
. maintenance- : - - - -
environment restoration environment disposal of deposits, restoration of mud flat, restoration of
restoration marine forests, development of Zostera marina bed
instrument development for swarming, herding, and gathering
fisheries fishing gears and of fish population, behavior of fish population, individual fish
. £8 fish cluster detect .p P ) . pop . Lo
production methods behavior, fish behavior to the net shape, investigation of
fishing process, analysis on motor ability of fishes

Source : Bark, et al.(2013), pp.24~25.

Table 4. Summary of Dynamic Technology Level Evaluation

Division Main Contents

Period

classification
technology areas

- expert panel review & meetings with related organizations
-6 top class, 12 middle class, 34 small class category

2012.10.11 - 2013.02.06

- degree of expertise
- degree of importance
- technology level

expert panel
survey

limit(L=100)
the-art
cycle stage

447(respondents areas)

e 3 year point : current(2013), future(2016),
expected year of reaching theoretical

< name and absolute level of the country with the state-of-
- key questionnaires : technology level, time & technology life-

- 895 respondents — 191 answered(multiple answer),

2013.03.01 —2013.04.30

environment) : 70 respondents
technology areas

selected for this

study : 70 respondents

respondents

- hazard control of organism(large category: fisheries
- environment restoration(large category: fisheries environment

- fish cluster detect(large category: fisheries production) : 40

degree of expertise(10 Likert Scale)
9.00 9.63 9.25 respectively degree of
importance(5 Likert Scale)
3.8 4.3 and 3.3 respectively

ol HFH R 19190 BRSHe Bl 47 Yo HHES kolv] AsiA SHAe AR
JHEZSTHEHE A8 ol F & A7 AP =k SH VISR A A FaE iRt
o B ThAbel Al Hobol that S S 22 ARG TFSAL. B ST P& 7]
70,70 2 407} o] Ch(Table 4 %+ %) &5 Fr14 A S AEstE S shirt. 7|
FRAZFEY UL ¢ Bt 71 sxEd A SES AFVIed =TI
HHG FAE FFH AN ERGIIR Y o] 2HA AL 10002 A3 A Zhzte
Foo], ZAAHL 013A@A)T20164GH 3T 7|1 &5EL o) gol HFetea g AE
%), 2P al o] A ARt mE Aot & okt
6) S5 Hobo] g AEA SO AREL 100 HE /208 B oY o402 v e A0 sop
gtk Al Eobe] Sabatelr) 4 Hokol A ANk A A FREL S HE /2O R 22 38,43 %
3.30]31t}.
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SRR #ﬂl°ﬁ°i%ﬂ”4

olooéé o
o

3t U-8-2 R Package, Version 3.1.1 (http://www.R-project.org) & 3=

AA HH oA Sl Al o) A =Tt
AojHes o Ade Aoz st

2. 24 A

FAE7 e Hok F AT w9 o] &
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Table 5. Statistical Results of Parameter Estimation and Lack-of-Fit Test

) Country with the state-of-the-art level Korea
Subj ect.of Model ) lack-of-fit test . lack-of-fit test
analysis parameter Estimate Parameter Estimate
AIC p-value AIC p-value
o b —0.2269 b —0.2284
Logistic 266.2591 | 0.9641 282.0524 | 0.9987
c 2008.9945 c 2013.4060
Log- b —440.2344 b —461.8019
s 266.2580 | 0.9642 282.0660 | 0.9987
Logistic c 2008.7930 c 2013.4473
hazard Log- b 229.6923 b 270.9317
control of 265.6293 | 0.9854 281.1676 | 0.9998
. Normal c 2007.9418 c 2013.3838
organism
b 0.1093 b 0.1045
Gompertz 272.5413 | 0.4242 292.9826 | 0.5822
c 1.0139E+95* c 1.5268E+91
. b —401.2646 b —361.7992
Weibull 266.6159 | 0.9472 283.4911 | 0.9922
c 2007.5543 c 2011.3351
o b —0.3420 b —0.2269
Logistic 256.7463 | 0.8995 266.9883 | 0.9984
c 2011.2939 c 2013.9855
Log- b —693.1876 b —454.6286
e 256.7905 | 0.8969 267.0013 | 0.9983
Logistic c 2011.3286 c 2013.9911
i _ b 287.7172 b 271.1857
environment) - Log 2547688 | 0.9822 266.5341 | 0.9994
restoration | Normal c 2010.1874 c 2013.9536
b 0.0986 b 0.0917
Gompertz 262.5140 | 0.4371 275.6109 | 0.6249
c 5.0611E+85 c 1.0414E+80
. b —411.2294 b —353.7978
Weibull 255.7615 | 0.9501 267.9233 | 0.9929
c 2008.6698 c 2011.7521
o b —0.3169 b —0.2812
Logistic 231.5310 | 0.9961 259.5537 | 0.9972
c 2009.0588 c 2011.7082
Log- b —580.4675 b —582.2862
s 231.7001 | 0.9950 259.4937 | 0.9974
Logistic c 2008.4995 c 2011.7852
_ b 326.3754 b 351.0848
fish cluster | Log 231.0785 | 0.9982 259.0007 | 0.9987
detect Normal c 2008.2218 c 2011.7622
b 0.0873 b 0.1029
Gompertz 243.5908 | 0.3621 269.7467 | 0.6252
3.6405E+75 c 3.6320E+89
. b —746.3264 b —483.0589
Weibull 234.2522 | 0.9451 260.1587 | 0.9944
c 2008.8554 c 2010.1485

*1.0139E + 95 means 1.0139 X 10%.

A7) $eubebe] 45 2AGE 8.5~67.50ch  elihebs 444~5190] gtk § AR A of Hof
Ao 7 e Bob 4B ARA B o Aot S gl 713~753, 92
ofolt}. 77t H I e R QR S 1}2}7} 47.4~53.70] TH(Table 6 H21).

12) 20204 0] 7| & 57 oS sHe WA FURMILFANIFS)S HA A7 2AA 77| B om0 mope
Qg AH Q) BRER 20208 AR ] 90% AL a7 4 B o RS AT Zo] e Rol
TH(Cho, et al., 2010, p.205). 20101 ©] 7] &2 24 (A B 2 o] 4) A| &= Bark, et al(2013)9] A = A&7} 9
2AHE A o] AR A Q0134 T 3 39 (20164 Fkske] ALAIak Ao T3t FE Apeolch,
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Table 6. Technology level of the country with the state-of-the-art and korea(2013, 2016)
Country with the state-of-the-art
Subjectlof Model level technology Korea
analysis 2010 | 20139 | 2016" | 202098 | 20109d | 2013y | 2016 | 20204
Logistic 55.7 71.3 83.1 92.4 31.5 47.7 64.4 81.9
hazard Log-Logistic 56.6 71.5 82.9 92.1 31.2 47.4 64.2 81.8
control of Log-Normal 59.3 71.8 82.1 91.5 32.4 47.9 63.8 81.3
organism Gompertz 67.4 75.3 81.5 87.6 427 53.7 63.5 74.1
Weibull 54.1 71.4 83.1 92.0 28.0 47.6 64.9 81.0
Logistic 39.1 64.2 83.3 95.2 28.8 44.4 61.2 79.7
environ Log-Logistic 38.7 64.0 83.3 95.2 28.9 44.4 61.1 79.5
ment Log-Normal 48.9 65.6 79.7 91.9 29.7 44.9 60.9 79.2
restoration Gompertz 64.6 723 78.5 85.0 422 51.9 60.8 70.8
Weibull 46.7 66.2 80.0 90.6 25.6 44.8 62.2 79.0
Logistic 57.4 77.7 90.0 97.0 38.2 59.0 77.0 91.1
Log-Logistic 60.7 78.6 89.7 96.5 374 58.7 77.2 91.5
ﬁsgectl;s:er Log-Normal 61.4 78.1 89.6 97.2 37.9 58.5 77.0 92.4
Gompertz 81.0 85.0 88.2 91.6 58.6 67.5 75.0 82.6
Weibull 52.0 80.7 93.2 98.4 35.5 60.4 78.2 91.0

Note : Based on the theoretical limit(L) which is 100. Technology levels in 2010 and 2020 are estimated.

Table 7. Stage of technology development of the country with the state-of-the-art and korea

. Country with the state-of-the-art Korea
SubJTCt'Of Model level technology
analysis
Y 20104 | 20134 | 20169 | 20201 | 20104 | 20134 | 20164 | 20204
Logistic 26 32 3.7 4.1 1.9 24 29 3.6
hazard Log-Logistic 26 32 3.7 4.1 1.9 23 29 3.6
control of Log-Normal 2.7 32 3.6 4.0 1.9 2.4 2.9 3.6
organism Gompertz 3.0 33 3.6 3.9 22 2.5 2.9 33
Weibull 26 32 3.7 4.1 1.8 24 29 3.6
Logistic 2.1 2.9 3.7 42 1.9 23 2.8 35
environ Log-Logistic 2.1 2.9 3.7 42 1.9 2.3 2.8 3.5
ment Log-Normal 24 3.0 35 4.1 1.9 23 2.8 35
restoration Gompertz 2.9 32 35 3.7 22 25 2.8 3.2
Weibull 23 3.0 35 4.0 1.8 23 2.8 35
Logistic 2.7 3.4 4.0 43 2.1 2.7 3.4 4.0
Log-Logistic 2.8 3.5 4.0 43 2.1 2.7 3.4 4.0
fish cluster " Normal 28 34 4.0 43 2.1 27 3.4 4.1
detect
Gompertz 3.6 3.7 3.9 4.0 27 3.0 33 3.6
Weibull 2.5 3.6 4.1 4.4 2.0 2.8 35 4.0

Note : Technology development stages are classified by beginning stage((0~ 1.5), growing stage(1.6~2.5), expanding
stage((2.6~3.5), and maturing stage(3.6~4.5). Numerical values for 2010 and 2020 are estimated by the formula

‘Development Stage=1.353 + 0.01191*(technology level of corresponding year) + 0.0001909*((technology level of
corresponding year)2 * (Bark, et al., 2013, p.97).
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