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In modern society, as technology develops and industry diversifies, students can choose from a variety
of career paths. Since science, technology, engineering, and mathematics require a longer education and
experience than other fields, it is important to design science education policies based on the competencies
required for science, technology, engineering, and mathematics (STEM) occupations. This study explores
the definition of science and technology manpower and STEM occupations and identifies core
competencies of STEM occupations using standard job information operated and maintained by the US
Department of Labor (O*NET). We specially analyzed ratings of the importance of skills (35 ratings),
knowledge (33 ratings), and work activities (41 ratings) conducting descriptive analysis and principal
component analysis (PCA). As a result, core competencies of STEM occupations consist of STEM
problem-solving competency, Management competency, Technical competency, Social service competency,
Teaching competency, Design competency, Bio-chemistry competency, and Public service competency,
which accounts for 70% of the total variance. This study can be a reference for setting the curriculum

and educational goals in secondary and college education by showing the diversity of science and
technology occupations and the competencies required for STEM occupations.
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Table 1. Definition of science and technology workforce and STEM occupations

Source Title Definition
et s Rote] SRS ATHOR AL He]s Rt
SIS wRAAE BN G AHE S 7 A7) Fdeks Aol
Tshr]eeld Zajata 9e A - = b B
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(Scientific and Technical Personnel) . ; . . L. .
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& E degrees, or those who use S & E technical experts on the job)
O*NET(2014) STEM 25 STEM Ho}] w8 2 o] Bagh Z%Occupations that require education

(STEM Occupations)

in science, technology, engineering, and mathematics disciplines)
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Skills + Knowledge
Education

Experience and Training
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Licensing
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Specific
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Requirements Occupation-Specific

Information
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General ¢ Intermediate « Detalled Jasks

Tools and Technology

Organizational Context
Work Context

Labor Market Information
Occupational Outlook

N\ l /

Job-oriented

Figure 1. Content model of O*NET (O*NET, 2018)
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Table 2. Descriptive statistics of skills, knowledge, and work activities

Importance

Sub-category Number-of variables Average Standard deviation

Skills 35 2.81 0.85

Knowledge 33 2.19 0.97

Work activities 41 32 0.87

Table 3. Result of principal component analysis (PCA)
Principal components Compl Comp2 Comp3 Comp4 Comp5 Compb6 Comp7 Comp8

SS loadings 1597 15.01 14.11 8.13 7.24 5.57 5.28 5.23
Proportion variance 0.15 0.14 0.13 0.07 0.07 0.05 0.05 0.05
Cumulative variance 0.15 0.28 0.41 0.49 0.55 0.61 0.65 0.70

FQ5E 3200, 7|4(Skills)} 2 35700] X ERE Ht ZaEL 2810]
t} 2 &(Knowledge) 337[¢] A EE HF ZQE= 2.190|ch Z+
A 3E2] Aol Content Model(O*NET, 2018)2 2FZ3gHt

2. 84wy
A5 BAlo] 9bA ONET] olZ vleho 2 STEM A% 414

3lal, ZF o] Qe 2] Eg(Work activities), 24 8 A
o Q& 71%(Skills), A4l(Knowledge) S TRTITE ArE
O*NET Resource Center (O*NET, 2015)°f|4] 18.1 WA 9] Text 3}
A& HITEY O*NET 18.10l= HA| 923712] A Y FollAl 167742
STEM % jo] QIeh). mief Mol a7ah S, 44, 7|42
Cleat ZRS Ll W 7l Aiablrt ZARch, A
A7b B A71E WSS T 4 ok uebd 2] SHE(Work
activities), 7]<(Skills), Z]*)(Knowledge)®] £Q %= &0 ETS
(2013)9} w7 IR|2 FAE BEXA(PCA: Principal Component
Analysis)0)-& sto] 4 RfE EEIITE FAE A2 olg 719
= Afolo]] FARS-HAF IAIE o8t MpEl] Ay Ao
FAEE RS 2L o] 08 AA| WEe RS A sk
ook A 2] -E(Work activities), Z|4](knowledge), 7|
S(skills)ol] &3t 1097 2|329] A IE o]8sto] 47 AL
= 1097119 2|39 245 H2AP7]AL Y e =5 4= Atk
ol2 919 X1 1] B, 714 A4 Ax] W WeE FoIL
Az Hio] 0031 EEUA} 19 HEE

& 9] FES Fzo FRRI: A
H(cigenvalue)7} 19T 2 ROISS 20 470R 2asjgiu), =
B =5 MASE] s 238 A E(scree plot)i} parallel
analysisE #a5FtH(Horn, 1965; O’conner, 2000)7). A& = ZQ]
Fgpe maeld AW 548 FdEels Am s &4

(varimax rotation)& =8sH o FEE =8 wHo| ofH EA4Jo]

o

4 A HT 2 G2 E Yo B3 Jang(20182)S F=3T)

5) STEM P2 2§} % Appendix 1S FH=Eghc}

6) TAE B4 3 BAZ2 a3 R ghe]H2]E] psych, GPArotationS
-85t

7) Scree plot 2 parallel analysisZ¥}= Jang(2018b)E =3}

ol-z] A7 x|(standardized loading)7} = ZHS 717 MBS FAlo=

2 4o 54 FEST skt

Iv. 94130 & =0

1. STEM 2|&2| s 7f

Table 3-& F=AJE 4] 272 AT 5H2Q1 87H4] 8 Aol
FA| B4 T0%E st 74 RS AAR7F 2 ARE F4
S8 EAE FE5HL WStk the AdoA = AR HlEo]
=2 ARE W2 £07 7F AR djgl 7lsgith

7}, STEM EA|3§2 9ZHSTEM problem—solving competency)

7P AR 8 A= HlolE W Y ZE4(analyzing data
or information, 0.87), %X *|2](processing information, 0.82), *]A1Z
£ 4l H|o]E(updating and using relevant knowledge), =3li(Reading
comprehension, 0.81), |34 All(critical thinking, 0.77), X 9
9Ju] o]3|(interpreting the meaning of information for others, 0.75),
2 (writing, 0.72), F3-E] -8(interacting with computers, 0.71),
B3 BA3 2 (complex problem solving) Folct. 28l FA8|
7 ofahe olof, 45t Tk FREIS T BAS ool ol
Tk ofygl elRlof|A 2 34 W(providing consultation and advising
to others), A2FS 7|25l (developing objectives and strategies), ==
Agpslal SAeE Aok (prioritizing), A 2 sk I
(making decisions)2- WL EZFRILE o5 0] & AT ESHA
(Biologists), &=2] A& Biophysicists), =8} 7]<AH Mathematic
technicians), -3-418F Geneticists)2} 70| STEM £of2] o Lx}E0)
sfkaick
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Table 4. Skills, knowledge, and work activities with loading over 0.5 for the first component in PCA

O*NET Descriptors Loading O*NET Descriptors Loading
Analyzing Data or Information 0.87 Active Listening 0.63
Processing Information 0.82 Systems Analysis 0.62
Reading Comprehension 0.81 English Language 0.61
Updating and Using Relevant Knowledge 0.81 Making Decisions and Solving Problems 0.6
Critical Thinking 0.77 Systems Evaluation 0.58
Interpreting the Meaning of Information for Others 0.75 Mathematics 0.55
Getting Information 0.73 Thinking Creatively 0.55
Writing 0.72 Speaking 0.52
Interacting with Computers 0.71 Provide Consultation and Advice to Others 0.52
Complex Problem Solving 0.7 Judgment and Decision Making 0.51
Active Learning 0.68 Communicating with Supervisors, Peers, or Subordinates 0.51
Documenting Recording Information 0.66 Developing Objectives and Strategies 0.51
Science 0.64 Organizing, Planning, and Prioritizing 0.5
Table 5. Skills, knowledge, and work activities with loading over 0.5 for the second component in PCA
O*NET Descriptors Loading O*NET Descriptors Loading

Coordinating the Work and Activities of Others 0.83 Resolving Conflicts and Negotiating with Others 0.66
Monitoring and Controlling Resources 0.78 Negotiation 0.65
Management of Personnel Resources 0.77 Time Management 0.65
Staffing Organizational Units 0.76 Persuasion 0.62
Coordination 0.74 Organizing Planning, and Prioritizing Work 0.55
Management of Financial Resources 0.73 Sales and Marketing 0.54
Administration and Management 0.73 Establishing and Maintaining Interpersonal Relationships 0.52
Management of Material Resources 0.72 Communicating with Persons Outside Organization 0.51
Selling or Influencing Others 0.68 Systems Evaluation 0.5
Economics and Accounting 0.66

L} 8] ¥9%H(Management competency) t} 7]% ¥H(Technological competency)

2, T, W, QAo L L 5 ) A A AL GHE Aol AN, fA5h, A% @

£ Atk 7R AL 2 A e
ZZ)(coordinating the work and activities of others,
0.83), A} EI/IE] g
QAR E](management of personnel resources, 0.77) 5-©]tH(Table
5). STEM Z]goA B3t #e] A2 7 Y(management), A
(economics), 3]7|(accounting), Hwlj(sales), U}A B (marketing), A
U7o] Ecommunication)ol| Tk 2|4 st ofiz} HeL WAL A5,
o]3l| A Z A (resolving conflicts and negotiating with others) 51}
e A13)Z Ak, AI7F El(time management), |25}l A9
A5}7](organizing planning, and prioritizing work)e} - 5]
oJekg Tkl o] ool £ HFL TRITH A1 Hope] B2
AManagers)ell SGIREE, oS Sol BEE AsE pelA
(Computer and information systems managers), A& &7 WH4 T

A2]XK Construction

11 ZA(monitoring and controling resources, 0.78),

ﬂX]-(Biomass power plant managers) A4

managers), A& A 9 AH] L2 ZF=X|(First-line supervisors of

food preparation and serving workers) 5 ©|th
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Seeloh BRI 714 oo A 2] 13%E Ak 71 A4
27} £ A HE= A7AAE 28] U GX|(repairing and maintaining
ZIAAA 4=2] U 8-X|(repairing and
maintaining mechanical equipment, 0.83), F-43}|Z(troubleshooting,
0.84), A5 XU E|Z(operation monitoring, 0.83), A2| 12 4 =2
7 (inspecting equipment structures or material, 0.83), &% 4]
(equipment maintenance, 0.81) 5-©|CHTable 6). STEM 2% 5‘—/\}X}
Sl 87== 717 e g AAE sl Akl A=
HUEF sh= 2T oy S MAskar wAIZE 2kl

o -’F—ﬂﬁ}% At 22 i—'f% 0] Al ARk 2RItk Olc
o] w2 ATt Al Vst HEEd, YlE

34 7)< A Aircraft mechanics and service technicians), 2 E1‘§'_

714 Wind turbine service technicians), ZA}g8} 7)< A Electronics

electronic equipment, 0.85),

engineering technologists), 34A]d 7]<ZX(Nuclear equipment operation
technicians) S-o|t}.
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Table 6. Skills, knowledge, and work activities with loading over 0.5 for the third component in PCA

O*NET Descriptors Loading O*NET Descriptors Loading
Repairing and Maintaining Electronic Equipment 0.85 Quality Control Analysis 0.75
Repairing and Maintaining Mechanical Equipment 0.85 Equipment Selection 0.73
Troubleshooting 0.84 Handling and Moving Objects 0.69
Operation Monitoring 0.83 Performing General Physical Activities 0.64
Inspecting Equipment Structures or Material 0.83 Monitor Processes Materials or Surroundings 0.63
Equipment Maintenance 0.81 Installation 0.53
Repairing 0.8 Production and Processing 0.51
Operation and Control 0.77

Table 7. Skills, knowledge, and work activities with loading over 0.5 for the fourth component in PCA

O*NET Descriptors Loading O*NET Descriptors Loading
Psychology 0.77 Sociology and Anthropology 0.62
Therapy and Counseling 0.75 Customer and Personal Service 0.54
Assisting and Caring for Others 0.69 Philosophy and Theology 0.54
Social Perceptiveness 0.67 Establishing and Maintaining Interpersonal Relationships 0.52
Service Orientation 0.64

Table 8. Skills, knowledge, and work activities with loading over 0.5 for the fifth component in PCA

O*NET Descriptors Loading O*NET Descriptors Loading
Training and Teaching Others 0.8 Coaching and Developing Others 0.6
Education and Training 0.76 Philosophy and Theology 0.56
Instructing 0.74 Foreign Language 0.51
Learning Strategies 0.67

2} AFE] AH|A 9FK(Social service competency)

A e Ay ek, 2z Ao|, 17 Sojet e A3
Al olgko HA] 40| TS AR 74 ARA7E 2 A
= Alg]8Kpsychology, 0.77), Hlgtw] X Al therapy and counseling,
0.75), 2z U FAoj(assisting and caring for others, 0.69) o]ct
(Table 7). AR2JA] ARl ARke TGRS Q1% Aefs) AH,
n), Apis QR 2 A4S vioR PAS HAskn ool
A ARIAE AFohe oleks T ofF ofo] £ X%
2 AJAF AlE|skxK(Clinical psychologists), 417 /;:!E]?_i,l}(Neuro-
psychologists), % %FsFX{(Nutritionists), SFul AFE Al2]8Fx(School

=

psychologists) 5]t}
o} WS 98K (Teaching competency)

Table 8-2 thAl HA| A (CompS) 2] AAYZ] 0.5 0|42 H4E
S AR o2 YERH Aolct A 5 FAEL T, AE, 1S,
IR 2w Ao ® A AR 7%E ARith 7 A%
= &7} XX (training and teaching others, 0.8), W-S-%
S H(education and training, 0.76), X]x(instructing, 0.74), 35 ZZF
(learning strategies, 0.67) 50|t} STEM Z|£o)|A| ©Q35F we- &

o okt ol 1 Bl T AL wEOR A B

ot

K

O AR Z12 AT Eelse WAl Y ojuke Ea
olg ool =2 AF& STEM Hofo] w-AKPost-secondary
teachers) 2 7Z=(Architecture), E2|(Physics), ZA5-E] Z}8HComputer
science), 58K Engineering), A=3HBiology), 7J %(Business) H-0F2]

agAolTk
v} A o=H(Design competency)

Table 9= o451 WA 3+3Z(Comp6)2] AA] 0.5 o] o] W
= A2 o= Yehd otk Ale 4952 #3871, =7
ofg}, A dgste] AAle Bgste] 25 A Ao HA| 2t
o] 5%E 8Ttk 7HE ARA7E 2 A3k HAR](design, 0.81),
3-8} 9l 7]<s(engineering and technology, 0.79), A#| ¥ 7]& AH|
WA W A A| = (drafting laying out and specifying technical devices
parts and equipment, 0.7) 5]t} STEM Z|Fof It JL3AA
oJ=2ke E2)sk(physics), -&8Hengineering), 7]<(technology), <1}t
(mechanical), A<(construction)of] thgt Z]4]3} 7| AAH] L} 22| o]
O3t AAE TSt} TRE ST TAISHE SRS TR
]E Aapo] =2 AEL H7[ERYA F8ER(Mechatronics engineers),
}5 35Hx}(Aerospace engineers), W|7}H2 38 HMechanical
engmeers), 7A=7H Architects),
3ljoF A=sF Marine architects) 5|t}

e mln

i

o

Oll
I:I i

Y 8K Agricultural engineers),
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Table 9. Skills, knowledge, and work activities with loading over 0.5 for the sixth component in PCA

O*NET Descriptors Loading O*NET Descriptors Loading
Design 0.81 Physics 0.65
Engineering and Technology 0.79 Building and Construction 0.63
Drafting Laying Out and Specifying Technical 0.7 Mechanical 0.54
Devices Parts and Equipment
Table 10. Skills, knowledge, and work activities with loading over 0.5 for the seventh component in PCA
O*NET Descriptors Loading O*NET Descriptors Loading
Biology 0.64 Chemistry 0.57
Table 11. Skills, knowledge, and work activities with loading over 0.5 for the eighth component in PCA
O*NET Descriptors Loading O*NET Descriptors Loading
Geography 0.72 Law and Government 0.60
History and Archeology 0.62 Performing for or Working Directly with the Public 0.56

A =33 o

ZF(Bio—chemistry competency)

2~
o X

Table 10% ol WA AR AR 0.5 oJare] HaES
1 o5 ehl Flolt, A7 SRS At 55} A4S v,
7, 5%, F4k) Hooll Sl Al ofgom A HAk
4 S92 M), AAAE 2 A AESKbiology, 0.64), 313t
(chemistry, 0.57) o|th. o5 o] & AT FAbE 78 A4
ZF=A}First-line supervisors of agricultural crop and horticultural
workers), HEA|(Fallers), ¢ AForesters), A33}8} 38E | Biochemical
engineers), AYESHAKBiologists) -]t}

o} FF AH]2 HFH(Public service competency)

)
f

o

Table 112 oG WA 420 ZA 2] 0.5 o] W4ES
A o2 Yl Zofoh A8 AR A|Psh oAl H, 9
et A4S Bgsto] sl ARIAE Algthe A= A 24
o] s%E Atk 7P AARZE 2 A= A|2]8Hgeography,
0.72), gAFst 9 11 8k history and archeology, 0.62), HE L 33
(law and government, 0.60)5°|c}. STEM Ao B Q3 -F3AH]
25 olre Ao, Ao, ok ¥, WAl Tk 2|45 gl BAfle
MROAMIE AT B, 8, mAAR), A% 5l Rofoll
TN AS ATl ek Falalt) o] Qo] EO ZEo T
&R K(Park naturalists), <= ¥2]A{Range managers), 71
13-AH Architectures teachers, post-secondary), 4~ % L/\]J—J(Flsh and

game wardens), @5 ‘A X Transportation planners) 5|t}

it
o P

ek

CERE

o AT o] BA Aol ATHE oS QRS o|g3tel
AZH o= BAEtck 2015 Y BT AT AR o]
ohd BE Alglo] HBIEL Fa) 25olof & elagol7] ufe] of

A7 ATek Zjol7k ik 2015 Y WATPE] TSI S ke
ol wEL B L% 4 Gl duoleh o] Ay Tt meS
£ 209) 7Hsdt STEM 2|%0] At oJeke wojzch. vt}
= 4 STEM ek ulash, 7l} ofeke STEM A1 ol
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A, A gt Belo] Zout 1 9l9f s
EESIA] =t STEM 92 71| Hst ks {5 QtollA 7le
oJ2F9] 1A E(Sim, Lee, & Kim, 2015) =E3}31
STEAMI=; 9 A2 ulsof| 22 & Zloth o2k 7], ¥k 4ot
A% AR T2 Hopol Hls) o w8 A WA sh=
AL s o yetuse wetd Aoke 9%t W uh olue}
A2 @8E 7 ALsjFolof 3 Zlolck
719 HeP7la AFol a3t Aol digt v A STEM
AFolA FatAor Fatt A E%ﬂ‘i“i%tﬂ gl o] A=
A 7 DA BigoR 28 oS EEa19ich Jang2016)S
Wk 7l 2Fl| BatAor Fagt Xl*‘, 715, AR Ee s ==
F AR o Basiel 214)7] ot vEuslugEEo] STEM %)
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BeAEE oA, A AL S AFARR Faste] 9R
AT R e Helrle dgtol] agh STEM wA5)
gk ZA| STEM 2|5 £4k] 15%1F Agsic). w8}, =8k, ¥
7l W5E olpsfol YT 4= Q= STEM Aol ] osd
(Management competency), 7]<& <= Technological competency), A}
3] MH]A AFKSocial service competency) 5 ThFeh dgko] we
weo el sk peiE Rope] HAg Bk, ejoksA),
5t el mAAY, FAL W Qelm s urke
(Yoon, Park, & Myeong, 2006) EF2QEF 2 2AHYRE &85
= ZAo] &t} nj=t = 5X(BLS: the Bureau of Labor Statistics)~

= STEM ZAF2 ¢4t 9 JfPdo] FABH= 2l&(Research,

development, design, or practitioner occupations), 7|<&A} 2 7|<& 2]

o

d

Z{(Technologist and technician occupations), 15157 W5 2%

(Post-secondary  teaching occupations), 2] Z]Z(Managerial
occupations), T Z|=(Sales occupations)®]] <4§Hctal FASFATH
(Watson, 2014). }517]4: Aklo] ukekgtol wje} 2jst 714 452
wsie vlofsie] T} wY AT} ol2old Wask gk

Tl WPASHIA Tl 1 Alele] HR1 #afsto] STEM
228 wiglof 1le 0|2 Mol RSN SRk i
ok STEM 25 0] 219J8l7] $13] STEM Hofe] 4 W Felo]
g 2Foch. STEM 25| Bagh 814 ©lzhe STEM A
SZHSTEM problem-solving competency), 2] %=HManagement
competency), 7]& <& Technological competency), A}3] A8 Tk
(Social service competency), -3 &K Teaching competency), 4]
oJe(Design competency), AYE-3}8t <Jal(Bio-chemistry competency),
T34 H| A A (Public service competency)©|th. 2015 7|4 wST
%o sstal waf ofeke STEM BAIG of 714 ol Aol
AA st 7 Bl o) 1 9)e] ek EsA| ekt
STEM oo 7|29] Tjst g W3 ololA] 7]4e Tela} i}
ofero] 3171 2(Sim, Lee, & Kim, 2015) ZE5}1 STEAMITS 2
Aezuso] Egs & Aotk

o] A+e] = v} 2 AA, vsAAREE B8
We7le AFo IS wAsIeER =] Hth]s 2%
= EA FEielth ey dsl e Boks AlAIAeR -85
Hokz =7} 7t ¥ o]Fo] 7P Estu® o] At st
2 ARusS 93 Ame 28E 4 Stk FF A=A E
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8k, WS BT TAUH QXA ofspmt ofel w, A8l
ABl2, 1A, 0% 5 TR ofsg 2% AAES Paw d
7)4s0] ISt Aklo] Haheleln spEo] AldiE 4 ol sl
& #%0] & ol TP S o3 A Fo sht
2 TS T8 AR A, HolE) BAL TRt 5t
#olo] ARk H 3P IS B A2 WG D A=
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Appendix 1. STEM occupations

Field Count
Chemistry 3
Chemistry, Computer Science, Engineering, Geosciences, Life Sciences, Mathematics, Physics/Astronomy 1
Chemistry, Computer Science, Engineering, Geosciences, Life Sciences, Physics/Astronomy 2
Chemistry, Engineering 1
Chemistry, Geosciences 1
Chemistry, Life Sciences 1
Chemistry, Life Sciences, Physics/Astronomy 2
Chemistry, Physics/Astronomy 1
Computer Science 19
Computer Science, Engineering 6
Computer Science, Mathematics 2
Engineering 48
Engineering, Environmental Science 2
Engineering, Life Sciences 3
Engineering, Physics/Astronomy 2
Environmental Science 5
Environmental Science, Life Sciences 1
Geosciences 2
Geosciences, Mathematics, Physics/Astronomy 1
Life Sciences 50
Life Sciences, Mathematics 1
Life Sciences, Physics/Astronomy 1
Mathematics 5
Mathematics, Physics/Astronomy 2
Physics/Astronomy 5
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