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SUMMARY

1. Research Purpose and necessity

Changes in the industrial environment and the advent of technology-based fourth
industrial revolution have led to the spread of software-based industries. Software, as a
support tool to enhance corporate productivity in the past, is now becoming a core
competency of the enterprise. As a result, Software capabilities are emerging as
essential competencies that must be additionally provided in the basic skills of reading,
writing, and computing around the world. In Korea, it is strengthening the training of
software specialist through ‘essential elementary Software education’ and 'Software core university’.

On the other hand, National Competency Standards (NCS) have been developed for the
achievement of solid academic-oriented society and ability-based society, and then
The policy to unify domestic university education system with NCS is also being
implemented steadily. However, it is pointed out that NCS has not been able to
reflect the needs of the SW industry as a result of the development of the system of SW
field as a top-down method based on opinions of some experts in the NCS development process.

In addition to the importance of SW, the classification of the SW field of the NCS,
which is the basis of training the university SW human resources, should be urgently
revised. The number of employees in the SW field of the university has been
graduated in various ways according to the characteristics of the education system of
each university. However, the demand of the SW company mainly requires 1-3 years
of experience. This phenomenon means that companies’ demand for academic ability
in the major field of university graduation is very low. In other words, there is a
difference between the industry-oriented demand and the university-based education
system. Therefore, it is necessary to establish guidelines for the training of
professional manpower that accurately reflects SW industry demand.

Based on this background, this study conducted a bottom-up approach to classifying
SW job classification through Big Data analysis of job announcements from Worknet
SW category as against the top-down approach by a small number of existing
decision-makers. It is expected that it will be possible to reflect the industrial demand
of NCS and reduce the gap between demand and supply of industry by developing
and defining SW job classification system based on actual job demand of SW industry.
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2. Research Scope and Methodology

The contents of this research report are as follows. Based on our research purpose,
section 1 described the characteristics of the software industry and the demands of
the workforce from an industrial point of view. In Section 2, we compare and analyze
the SW division of existing NCS and Worknet. After that, we collected SW job
announcements (totally 20,408) and defined the job and occupation classification
system based on the keyword of the job announcement.

To accomplish this, we collected the job announcement data through text mining and
finished preprocessing by word, and then performed topic modeling analysis based on
Latent Dirichlet allocation (LDA) algorithm to newly derive classification system of job
and occupation. The developed job and occupation classifications were defined as
International Standard Classification of Occupations(ISCO), Standard Occupational
Classification(SOC), Occupational Information Network(O*NET). Definitions of new jobs
and occupations that have not existed are based on several references. In Section 3,
the interpretation and implications of the research results are presented and the final
policy suggestions are presented.

3. Research Contents and Results

The main contents and results of this study are as follows. First, this study confirmed
the current classifications of NCS and Worknet-oriented job classifications. In order to
compensate the gap between two classifications, we developed a SW job classification
system based on Big data Analysis. As a result of analysis, it was confirmed that
Worknet ’s Job Classification and NCS Job Classifications were inconsistent, and it is
confirmed that there are subdivided jobs but not mutually matching between two
classifications. Second, in order to improve the system of disagreement between the
Worknet and NCS, this study analyzed the contents of the Worknet job announcement
of the SW industry by text mining. We gathered the total job announcements from
Worknet and derived a job classification system based on LDA topic modeling. As a
result, 15 kinds of jobs were classified by 9 kinds of job families, and 3 of them
were new job families and 5 were new ones. Third, we defined each occupation and
divided their tasks by referring to three international job standards for each
occupation classification(ISCO, SOC and O*Net).
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4. Political Implications

This study has developed a classification system to improve the unclassified
classification from Worknet classification system and NCS classification system.

First, it is possible to provide a guideline for the development of SW specialists
training policy by the demand of manpower in the SW industry field from the
practical point of view, since it reflects the job classification system by utilizing the
actual all job posting of companies in the SW field. Second, it is possible to grasp
keyword in job announcements by each job category in newly classified job
classification system, and to identify more realized job competency.

5. Expected Results

The SW sector is one of the rapidly changing industries. Big data-based analysis
method which analyzing the job announcements by word-level can be judged as an
optimized tool to identify the characteristics of the rapidly changing SW industrial
sector in the future. Through the job classification system that is developed from this
report, it is possible to objectively confirm the competence of each job that is
classified system, and identify the changes in industry demand according to the time
if the data is continuously collected. This will be useful not only for complementing
the existing NCS system but also for establishing a timely policy in response to
changes in demand in the SW industry. Likewise, it is expected that not only the gap
between demand and supply of industry-academy in SW industry can be reduced, but
the results of this study be used to improve the curriculum to reduce gap between
SW industry and university SW education system.
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1. Convert the input text into a LIST of words.

2. Do Loop

2.1 Set MergeList to empty.

2.2 Put a separator to the end of LIST as a sentinel and set the occurring frequency of the separator
to 0.

2.3 For I from 1 to NumOf(LIST) - 1 step 1, do

2.3.1 If LIST[ I ] is the separator, Go to Label 2.3.

2.3.2 If Freq(LIST[ I ]) > threshold and Freq(LIST[ I+1]) > threshold, then

Merge LIST[ I ] and LIST[ I +1] into Z.

Put Z to the end of MergeList.

Else

If Freq(LIST[ I ]) > threshold and LIST[ I ] did not merge with LIST[ I - 1], then
Save LIST[ I ] in FinalList.

If the last element of MergeList is not the separator, then

Put the separator to the end of MergeList.

End of For loop

2.4 Set LIST to MergeList.

Until NumOf(LIST) < 2.

3. Filter terms in FinalList based on some criteria.

G FS v oR AdE dugFol A FEAtE = v 2.

Example: Given an input string: BACDXAYCDBACD.

Let threshold=1, separator=x.

Step 1: Create a list of single tokens:

LIST = (B:2, A:3, C:3, D:3, X:1, A:3, Y:1, C:3, D:3, B:2, A:3, C:3, D33, x)
Step 2:

After 1st iteration :

MergeList = (BA:2, AC:2, CD:3, x, CD:3, DB:1, BA:2, AC:2, CD:3, x)
FinalList = (A:3)

After 2nd iteration :

MergeList = (BAC:2, ACD:2, x, BAC:2, ACD:2, x)

FinalList = (A:3, CD:3)

After 3rd iteration :

MergeList = (BACD:2, x, BACD:2, x)

FinalList = (A:3, CD:3)

After 4th iteration :

MergeList = (x)

FinalList = (A:3, CD:3, BACD:2)

ol MR o E To T4 fedtrE dadEe Adstal 43 BEE
T390 JudTE|ZA 7 dojd §AES 95k] FAR] §A(Cosine Similarity),
AZFE fARE(Jaccard Similarity), o112 #AHd(Lexical Similarity) $(A/8<, 2016)14]
FAR FARE HAle ARSI THAmIt, 200D. EF o]% 3l AYPA A
NCS AAAAE vlush=s Wadllds F ko] Blart 7hstt A= fAEE ARSSt
o ATL= FAES] ALk A2 5- 9 2. ERAA HlwE A% HolE AY EH
w4 g 3. AT HAXA A AR et

9) Tsenf et al. (2007)] Atz AR+LA
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D A gy Ed g9 =93 (Latent Dirchelt Allocation)

A Y2 ?—% = d7 (Latent Dirchelt Allocation, ©]3} LDA)S El~Ento]y
7ol M AgE= daglEoe® A A e FA (o8t By, Topids<

e mad Pgelt Blei et al, 2009, £% ndze dud giE HolHE
oz PRE HolES BATORA tol Beol JF 54 FAEL =EHT
AFEol M2 ofgA AAH YA wE A BB met oY WakHEA
243 7ot

LDAE ¥ HuAel B2l 9yl A4FT AR vgoz A7) Z% o
H%e 7)Ze] NCSSH 22 BReta thobd BRAAS Mug o 42 532
MY 4R EY IS 22 5 AuE WS AT Yok =@ AE
BERAANN FREE o] EH TE Pl ws) 2 A% E AgAT aTee
QABA(AT W JPe] FALEE FAT F Yois F/EA AL AL
glom] ol A%H SWE Fao] B3 A ME S8 W =T HAY
5 A s

A2 ks 24 JoolA LDA RS 9 o] 94 U £32 BEohe
A7t Z7bska gtk BEARSe) RoplA LDAS B3} B FEHE ATE
A8 T F Utk (Y, £, 2013, o] AFE LDAS AEIe] ATFAE e

Sol ol sEAAe] i) Bekelglth ARPLIA, FFEARS|)
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[13 2-55] @A K o] LDA Atel

=) B =27 &3 E3Y
information books social model library
service dynasty communication quality public
technology king cultural user SE[VICE
user tripitaka development performance user
Iesources published theory suggested community
environment historical PIocess developed local
development edition saciety develop facilities
resource made culture Process cultural
society history life factor people
E¥5 B3 =7 EHy B9
library knowledge system digital school
university management information library reading
collection structure record electronic education
academic svstem retrieval copyright library
materials organization uger access children
user business text TESOUTCES program
service marketing time law learning
collections environment developed legal literacy
nurmber strategy full open mstruction
=10 Bl Eg12 =413 B
document metadata korea library classification
retrieval element national librarian subject
term ontology management education scheme
indexing madel korean science ddc
performance web palicy subject ke
subject semantic record professional system
index thesaurus system korea edition
query xml development organization korean
clustering core government educational class
E¥15 2916 EH17 ol B
cataloging journal user factor hook
catalog science web satisfaction hooks
bibliographic citation search group korean
rules karean service students number
record articles internet significant publications
authonty medical mformation level jApanese
description field reference variahles period
control published site 2roups materials
ACCEsSS korea searching differences literature

EA: QA= (2005




[23 2-56] 72=tllo| el e LDA At

“Arts” “Budgets™ “Children” “Education™

NEW MILLION CHILDREN SCHOOL

FILM TAX WOMEN STUDENTS

SHOW PROGRAM PEOFLE SCHOOLS

MUSIC BUDGET CHILD EDUCATION

MOVIE BILLION YEARS TEACHERS

PLAY FEDERAL FAMILIES HIGH

MUSICAL YEAR WORK PUBLIC

BEST SPENDING PARENTS TEACHER

ACTOR NEW SAYS BEMNNETT

FIRST STATE FAMILY MANIGAT

YORK PLAN WELFARE NAMPHY

OPERA MONEY MEN STATE

THEATER PROGRAMS PERCENT PRESIDENT

ACTRESS GOVERNMENT CARE ELEMENTARY

LOVE CONGRESS LIFE HAITI
The William Randolph Hearst Foundation will give 51 25 nullion to Lincoln Center, Metropoli-
tan Opera Co., New York Philharmonic and Juitliard School. *Ouwr board felt that we had a
real opportunity to make amark on the future of the performing arts with these grants an act
every bit as important as our traditional areas of support in health, medical :h. education
and the social service Hearst Foundation President Randolph A Ilearf.t szud Monday in
nnouncing the grants. Lincoln Center’s share will be $200.000 for its new building, which
will house young artists and provide new public tacilittes. The Metropeolitan Opera Co. and
New York Philharmonic will receive 3400000 each. The Juilliard School, where music and
the performing arts are taught, will pet $250. 0000 The Hearst Foundation, aleading supporter
of the Lincoln Center Consolidated Corporate nd, will make its usual annual % 0
donation, too.

%] : Blei et al. (2013

o HolEE Abgstel BERE FE3E 475 Aok Blei et al, 2013). A9
AT AP 2 163337014 23075709 HolE FEste] E¥ mdYe W9

gom I Ay =9 EFoA IEHE WolE& V|WeE  ‘Arts’, ‘Budgets’
‘Children’ , ‘Education’ o]gt= 8 FAE == 4+ AU+

npX7EA 2 LDAE g2Eet e o|ihy HolH o A&HE g5 RO wA
olmA, 4¥ T HAIsH ol

of i
12

8
A4 o (G4 dolo] FAT FEE
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(19 2-57] LDA &4 =3

OO0

a B z woN

M

Z4]: Wikipedia, A t2] 2] £g2D

w HaAelA 283 LDA l-‘&_— mye (29 2-57]
%*%?f& LDA =8| 7|8 7Hgomt A, $38 dA xﬂ%zﬁl Agol e kﬂu
FA ok Ml ZA47F EA ou RE AEFL BAE st 7Ue A% BEFE
7FA 2 Yot AAZT o) vigo® EA, 7 ALFL EAE NI woj9

%02 et W = (v, wyow,) 22 FET F 3l =
Z3t7] fdiME o] @AE AXA drk

) Fold BEX2E AMESte] oo N& AA 3.

2) 2t ALFI FA7F odH ETE@Y HEE FAAEA UEWE 4 (theta) <=
o] 8] 29 (Dirichlet) E%E u}z} Ae3to},

3) N7je] wojof] tfst 7/ TojEof tfshA

3D 69 t3 Bxo w2 EIES A

3.2) EFEo] FARHS W plw,l, 8)2F

m[o

21) ¢f7]mtjor, LDA =4,
https://ko.wikipedia.org/wiki/%EC%9IE%A0%EC%IEBAC _%EB%9I4%I4%EBWAC%ACHEDY%SE1%B4%EBIHA0%S

8_%ED%95%A0%EB%8B%B9
22) Fopd F i (Poisson distribution): ®AIZE ¢ro] 57 A9l I RIS YEU= SE2X
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=, A AgEa 240 g "el2dE £x5 wEs 54 Bl 071 =25,
EZo] MEZRE FAAM £7dE Doles AEshs Ao mdds A3
LDA <aeg]5& gddt FHel S80] olFofA 21 itk 53] 4 54 23
delgd 271 obd 2A2H FEEE HlR ez FA 31 FBdAE 4
st 7IeltBlel et al, 2006). Iy & ATME BEAXEHS o]lEdte
/AL obd Tolgol o3 T wide st ATFE T me

AHZ=A BHE B Q=

o LI

F7HEQ dadgEeEs ASHd A Y Zd d(hierarchical LDA,
} HLDA)O] 2l TH(Griffiths and Tenenbaum, 2004). HLDAE FAE 7+ A=
g EE&SHAIN B AT 8 2E HolHe 194 Al Fx7F AR B3iA
OF gth= HLDA AA|z7e F&E A 7] wjiol HLDAS &8 <+ gl
2 dAFolAet 2ol AFEY ¥ AT Aote AT e Hsie
HLDAAI A= 2t ©o] 3t W83t et st dAZE Aallx lojoF sth+=
= 7FA o 1?41/} A&l Ag @l At dA = Thetstr]
X*"ﬂ w2t HLDA= &-&o] E7lssttt. 1o wet & AF3A| o A=
AHEstE JA O EE EXE 283 LDA ¢ &S FH &35y
%_33 st 1o wet fAFeE 1A o s 194 LDA EZEdEg S
ET 157HA & FE3tal o] oA 284 LDA 415 B3l A EF7)E
T35 A5t AT FESHAH
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[19 2-58] A&+ TFojo] =g3}

1 2 Li=2MZO|
TFoED EM1 | yY™ =Java y1? = 7H X}

(239 2-59] o] Al 5 wol w4 5 =E4A

1 2 v V=O{R|ALFIC] & EHY| Tl
Fola1 EAM1 nll1=5 nl2 =5
n21=0 n22 =0
oS0 2M N
v

[Z198 2-58]2 & A7 &4 g A-E&FelA o] F A (Word Dictionary) el
EAsE B4 To7F A= S-S 28 Ofolth ol& mdEskd (11 2-59]¢9)
Zo] N x Vo 712E PE2 FZJdL F ok E B9 dHoly EAofA
AHEEE TGRS, S AR AR FAE dolge 1419719 dolE =Eeta Sl

oAt S NS AAL T HTh A=
dolES oA FAo ZEIFFeH I
goj LA A TEY, HW, SW, 71& &4
6}931‘:} E3 SW #HH dojEo] F2 & o
Q= ZE oFHE FITALTIY 9 2
%—Oii 014/\}7801] Z skt

17249 SWAtel 2§ 631—501]/\1 T2 F 80009719 TolE FollA T HIES 5071

d AE7F 5% (194 3%, Al 2 3}
SW A1y 2 A7} #AY Qe BE e FHH o2 HAA AT 24 A7

ol
2

23) http://techterms.com/category/software
24) http://www.copyright.or.kr/information-materials/dictionary
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AEAR FEE afiA, 5219 ZH thal] ATl tig olafi el T &/ 7]|F<
A E a8l oF IANZE St wS5HAH S X8 59 o] 22 wSHAH L IAr 3t
A AR dAEE gHE A et 5 glstr] Aot s =Y 1
A2l ZAF (Inter-coder Reliability)E +33t7] allA &4 Ao 33 oFst=
AsYd Aot}

FEIACIAEAY HE52 AAAAR]0 A4 A gigt dAEE FHEk e THE
gol3}7] Yl AAFE Ao ZA, FAAQ AT FY 7+ AFHEE Perreault
& Laurence (1989)¢] P/LIY~E F&atith HFT EF2% Sz HAl=A

2Apol A RETE 5el0] Be woiB s AwE ol fAA A 79.4%¢)
F 1419712 @olE B4 &
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b

[e]

N
N
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By
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i

Aold oA S viE o R (FE 2-3509 Zo] LDAE &85l Kile EY
EdHS ==l we dojet B U ol FEIZEDHE AT
B U 7 4ol SEEE 32 52 4 A5 I el o7 ZF WellA
@oj7t o TolEd A 2T Vhede vt a8 EE 4 B U9
ol FEEE 2 54 EFolA 54 Tole] A HI=E (Co-occurrence)’ 24
ol ¢ ot FAITHE =S 2 LT BACA BY Ul B4 o7t v
dol 53 FAl sASE REo e vt wetA 5 Tl FASE
Hzgo] AdaE s B UolA ol 58tk “dddo]” 2o go|d o Sk

W aliiolo] stERm AyTo} sl A% - AR AEEuolN SASE 28 oujsich 1o e
= ZAEA Ul g (Word Co-occurrence)2 B7|8F3 Tt
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A EE= 918l Ak sARREREEAAE vl YHRE stk AA,
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2.3.3) AFH U EHZ & A (Computer Network Administrators)
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