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Although the 2015 revised science curriculum has newly introduced core science competencies, there
are a lot of confusions and difficulties at the school sites because the concept of competence is not
clear. In this study, we conducted literature analysis to understand what constitutes the components of
science competence and how the components are related. Based on this analysis, a model of science
competency, composed of six factors (non-cognitive characteristics, knowledge, skill, context,
performance, level) was suggested. In addition, we have explored ways to utilize this science competency
model to re-write the achievement criteria of current science curriculum as science learning objectives
expressed in the form of science competency. Finally, advantages and limits of the model are discussed
and related further researches are suggested.
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Table 1. Science competences suggested in PISA (OECD, 2009)

Domain Competency

Identifying - Recognising issues that are possible to investigate scientifically
scientific - Identifying keywords to search for scientific information
issues: - Recognising the key features of a scientific investigation

- Applying knowledge of science in a given situation
Explaining - Describing or interpreting phenomena scientifically and
phenomena  predicting changes
scientifically - Identifying appropriate descriptions, explanations, and
predictions

- Interpreting scientific evidence and making and
communicating conclusions

Using o . . . .
L. - Identifying the assumptions, evidence and reasoning behind
scientific . e P e
. conclusion
evidence

- Reflecting on the societal implications of science and
technological developments
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Figure 1. Typology of competence
(Redrawn from Le Deist & Winterton, 2005)
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Figure 2. Five competence indicators
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Table 2. Names, actions, and examples that describe specific competencies (Spencer & Spencer, 1993, pp. 68-70)

Competence Names Actions

Examples

Thinking for yourself, - Set priorities for tasks in order of importance.
Practical intelligence, - Break down a complex task into manageable parts in a

Ana.llyt'lcal Analyzing problems,  systematic way.

Thinking . . .
Reasoning, - Recognizes several likely causes of events, or several
Planning skill consequences of actions.

- We had unclear sales orders and that’” why the
engineering was not complete, and that’s why we
were engineering the same day we were shipping
the project, and that’s why we were spending so
much time on rework, ......
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Table 3. Definitions of competencies in the literature

Source Definitions of competencies
- “Competence [is the] ability to handle a situation (even unforeseen).” (p. 115)
Keen(1992) - “Competence is a compound, made up of different parts just like the fingers of a hand [i.e., skills, knowledge, experience, contacts,
values, and additionally coordination which is located in the palm, and supervision, symbolized by the nervous system].” (p. 112)
Spencer & - “A competency is an underlying characteristic if an individual that is causally related to criterion-reference effective and/or superior
S EI:)ncer(l 993) performance in a job or situation.” (p. 9)
P - “Five types of comtemporary characteristics. 1. Motives, 2. Traits, 3. Self-concept, 4. Knowledge, 5. Skill.” (pp. 9-11)
- “A competency is: a cluster of related knowledge, skills and attitudes that affects a major part of one’s job (a role or responsibility),
Parry(1996) that correlates with performance on the job, that can be measured against well-accepted standards, and that can be improved via training
and development.” (p. 50)
Mirabile(1997) Competency is a knowledge, skill, ability, or characteristic associated with high performance on a job, such as problem solving,

analytical thinking, or leadership. Some definitions of a competency include motives, beliefs and values.” (p. 75)

Kirschner et al.
(1997)

“We define competence as the whole of knowledge and skills which people have at their disposal and which they can use efficiently
and effectively to reach certain goals in a wide variety of contexts or situations.” (p. 151)

“Our definition of competence is ...... the ability to make satisfactory and effective decisions in a specific setting or situation. ......
it involves judgements, values, self-confidence to take risks, and a commitment to learn from experience.” (p. 155)

Westera(2001)

- “Employers demand graduates who are able to operate in complex environments, i.e. environments characterized by ill-defined problems,
contradictory information, informal collaboration, and abstract, dynamic and highly integrated processes. The concept of competence
is strongly associated with the ability to master such complex situations.” (p. 75)

“‘competence’ transcends the levels of knowledge and skills to explain how knowledge and skills are applied in an effective way.”
(p. 75)

“(competency is) extended capabilities invoke the idea of conscious and intentional decision making rather than routine behaviors.
Indeed, competences seems to include meta-cognition, ....” (p. 80)

van der Klink &
Boon(2003)

- “USA: ...competencies refer to the skills knowledge, and characteristics of persons, that is traits, motives and self-concept, which contribute
to performance excellence.” (p. 126)

- “Germany: (competencies) refers to a person’s ability to perform various tasks within a certain profession. ... defined as
integrated action programmes that enable individuals to perform adequately in various job contexts within a specific profession.”

(. 127)

Rychen &
Salagnick(2003)

“A competency is defined as the ability to successfully meet complex demands in a particular context through the mobilization of
psycho-social prerequisites (including cognitive and non-cognitive aspects).” (p. 43)

“... cognitive skills or intellectual abilities (such as analytical or critical thinking skills, decision-making skills, or general problem
solving skills) and the knowledge base constitute crucial mental resources that need to be mobilized for competent performance ...
[competency] also requires the mobilization of social and behavioral components such as motivation, emotions, and values.” (p. 45)

OECD(2005)

A competency is more than just knowledge and skills. It involves the ability to meet complex demands, by drawing on and mobilizing
psycho-social resources (including skills and attitudes) in a particular context (p. 4).

Competency must (1) contribute to valued outcomes for societies and individuals; (2) help individuals meet important demands in
a wide variety of contexts; and (3) be important not just for specialists but for all individuals. (p. 4)

- (1) Key competencies involve a mobilisation of cognitive and practical skills, creative abilities and other psychosocial resources such
as attitudes, motivation and values, as well as knowledge, (2) reflective thinking and action which implies the use of meta-cognitive
skills (thinking about thinking), creative abilities and taking a critical stance, (3) one is likely to draw on more than one such competency
in one context. (pp. 8-9)

EU(2006)

“Competences are defined here as a combination of knowledge, skills and attitudes appropriate to the context.” (p. L 394/13)

Hoskins &
Crick(2010)

“A competence refers to a complex combination of knowledge, skills, understanding, values, attitudes and desire which lead to effective,
embodied human action in the world in a particular domain.” (p. 122)

Table 4. The components of the competencies presented in the literature

Souce The components of the competencies
(1) Motives: (ex) Achievement-motivated people consistently set challenging goals for themselves, ...
(2) Traits: (ex) Reaction time and good eyesight are physical trait competencies of combat pilots.
Spencer & (3) Self-concept: (ex) Self-confidence, a person’s belief that he or she can be effective in almost any situation is part of that person’s
Spencer(1993) concept of self.
(4) Knowledge: (ex) A surgeon’s knowledge of nerves and muscles in the human body.
(5) Skill: (ex) A dentist’s physical skill to fill a tooth without damaging the nerve.
Mansfield(2004) cited form UK agency, QCA (The Qualifications and Curriculum Authority): (1) application of number, (2) communications, (3) problem

solving, (4) working with others, (5) improving learning and performance, (6) information technology.
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Souce The components of the competencies

(1) knowledge
() skill

technical skills

applying technical knowledge

cognitive skills

analytical (constructive) skills

identifying problem, developing solution

Coll &
Zegwaard(2006) appreciative skills evaluating complicated situations, making creative/complex judgement
. . interpersonal skills (IS) & securing outcomes through IS
behavioral skills T - -
Organizational skills (OS) & securing outcomes through OS
(3) attitudes
(4) self-efficacy
(1) Identifying scientific issues: (D Recognising issues that are possible to investigate scientifically, ) Identifying key words to search
for scientific information, (3 Recognising the key features of a scientific investigation
(2) Explaining phenomena scientifically: (1 Applying knowledge of science in a given situation, (2) Describing or interpreting phenomena
OECD(2009) s - " . . . =
scientifically and predicting changes, (3 Identifying appropriate descriptions, explanations, and predictions
(3) Using scientific evidence: (D Interpreting scientific evidence and making and communicating conclusions, (2) Identifying the assumptions,
evidence and reasoning behind conclusion, (3 Reflecting on the societal implications of science and technological developments
Area Competency
+ Creativity and innovation,
Ways of thinking + Critical thinking, problem solving, and decision making,
Griffin & . . Leamingito Aleam, meta—cog.nition
Ways of working + Communication, * Collaboration
Care(2014) ; -
Tools for workin * Information Literacy,
& + Informational and communication technology literacy
Living in the world + Citizenship-local and global,  Life and career, * Personal and social responsibility, including
cultural awareness and competence
+ communication in the mother tongue
+ communication in foreign languages
* mathematical competence and basic competences in science and technology
. - digital competence
Eurydice(2012) + learning to learn
+ social and civic competences
- sense of initiative and entrepreneurship
- cultural awareness and expression.
- 94 g () =94 9= (2) ARPEAA, 3) A e, () T - ARRA AR, (5) AkeESE, (6) A1EEsY
- A o () AFEA dkaed, () 2AEAE, (3) 71ReEeE, (@) WA ALY, (5) rkaEsE, (6) AEEs,
Kwak(2013)* (7) B2, (8) AAEHY
- ARl gk (1)t T, () A - ARRA AR, () dAkaEsE, (4) AR, (5) =HF oF; (6) MW AR,
() A718E59
Koh & Bl Alard, ko)A Alard, wAls|Ad, o, QX kaE 58, w3H oY, skt SEd, 285, ANYA gt AEH
Jeong(2014)* o=k
Ministry of TetA AT, kA g e 9leha 5A) sj2g, 115HE AR Ldl 115kA Fojol WA sk Ll

Physics key competences

Big idea

matter, motion and interaction, energy

Yao, J-X., & Guo,

ntific thinki
Y-Y.(2018) Scientific thinking

modelling reasoning, argumentation, innovation

Scientific inquiry

question, evidence, explanation, collaboration

Scientific attitude

NOS, attitude, responsibility

cited from Catalan University Quality Assurance Agency3 (AQU), in Catalonia, Spain

Carracedo et al.

- negotiation skill, leadership, numerical skills, theoretical learning, ability to make decisions, language, practical knowledge, autonomous

(2018) learning, communication skills, ability to have new ideas, problem solving, computing skills, teamwork, learning ability, responsibility

at work

* These are Korean documents, so the results are expressed in Korean to prevent misinterpretation
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7|Rko &2 gko] A5 thA] AAIskaL, Lt Fojof mElS A 73zt e Aol oheket A B8 845 Skl e

2Q1 3k =3t Zlol 2-8sigiet. 271 A 3P Fof vEhd o} TR S EHsITh

wo)] 54 9 AeH T} A ekl st sk oA o] AAA el YA, At os FSRI7EE 3 4 Qe st RS skl

87 s3E =2kt o} =, F91217} 423 (Spencer & Spencer, 1993; van der Klink &
Boon, 2003)3}7 4 385 (Hoskins & Crick, 2010)5= A2, =

Iv. 9171 Zq} B2 R 75 W=ESAWHOECD, 2005; Rychen & Salagnick, 2003),
LA of AT 4= Q)= S8l(Kirschner et al., 1997) 02 kS A9
stk & o 544 ox SAbA7Y(Westera, 2001)0]ut TFshet—-
(OECD, 2017)E2 ZA1}A9l szo 2 Aozt ALw It
chiA, olefat Ankael sale] 428 JxsH = oleld
4=5)0] @LI}E,OIHLKHoskms & Deakin, 2010; Kirschner et al.,
1997), A&E#o]11 Z&sof stclA K (van der Klink & Boon, 2003),
5407 Rychen and Salagnick, 2003), 7}X|2HoF SFHOECD,

Table 39| o] digh Ho=RE 9 dojss F=3 2k,
Table 59} Z+o] A 6 72 14 84S $§}ﬂ 2 2l9lt) =,
] Agefeld= A A ofH ST 214, 7T,
F2Eiglch o 4 GOER

2:349] 67}2] A 8 HETL 2 TE T
QA2 B3 A3 el EXS Felsld che) it 2005)= A& ool 2FFekar ik
A, ekl Hojoli= ATk 7] Qo] £, _5331 oA, [ofslH, oy FEA g2 dizf x4)3k QIA|F 715 29
713, A, ], 27 S3) 7kS. Tkt <l%] 9)F E4jo] ZakEo] oA 7HA] QA ofd SAS EstH, AYH B vl ARl
oIt Ao g BORIEE ofE Frol] Wso] 42343t 4= 9li= =go|ut
g, Jako] Aojoli= x| ATk H|THA Al HAA AR wElRlR] Yo HOoFo] qlrkal & -’F Ak

9 A 71Eo] =] itk

A, ofeo] HoloA W RS 5} Q). Spencer &
Spencer(1993), van der Klink & Boon(2003), ~12]11 Westera (2001)
= 2 A4S WAL, Westera(zom)% 251, 3o]sA|

2. el 4 RAol Y HE 24

[e]
pA R

oJgpo] 2Q QAS WAHOE A XS Table 49 B3 182

oF7, Bz AR So] ZAsHs Agfo 2 ARIS W) Ao 7HEo 2 AR Qa5S %—?32}0}04 gt éﬂh Table 634 .
Table 60114 AN oleke] AR g8 Hels)
Table 5. Categories of the components extracted from the definitions of competencies
o iti Cognitive abilities
Source Non cogn}tlye £ Context Level Performance
Characteristics Knowledge Skill
Keen(1992) values knowledge skills unforseen situations - -
Spencer & motives, traits, . . N . .
Spencer(1993) self-concept knowledge skill job or situation effective, superior performance
. . . well- accepted
Perry(1996) attitudes knowledge skill job standards performance
Mirabile(1997)  motive, belief, values  knowledge skill iob high performance
’ ’ g analytical, leadership J & problem solving
. . . efficiently, .
Kirschner et al. values, knowledge skills wide Varle.ty of contexts effectively, ]udgc?njlents,
(1997, p. 151) self-confidence or situations . decisions
satisfactory
knowledge, skills, complex, ill-defined
Westera(2001) - contradictory collaboration, piex, 11 . effective decision making
. . .. problems in a job
information meta-cognition
fraifs, mofives, knowledge skill various tasks, excellent, performance
van der Klink & self-concept
Boon(2003
( ) - - - job context adequaF ely, perform
professional
Rychen & motlvz.mon, Skll.l complex demands in successfully, decision mak?ng,
. emotions, knowledge analytical, problem solving,
Salagnick(2003) i context competent
values critical performance
. skill, creative, .
OECD(2005) attltudffs, Yalues, knowledge meta-cognitive, complex. demands in valued, outcomes
motivation, .. . context
critical thinking
EU(2006) attitudes knowledge skill given context appropriate -
Hoskins & values, attitudes, knowledge, skill articular domain effective, action
Crick(2010) desire undertrading P embodied
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& Q= AL oujsl= 74{’_— ofyct. AA|Z Gheith & Aljaberi
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22 % S04 AjRsla} TE 2Bl iy A3t Basg
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Table 6. Categories of the sub-components extracted from the literature

o iti skill
Source Non cogn.ltl.ve Knowledge — — - Context Level Performance
Characteristics Investigative Cognitive Social
Spencer & motives, traits .
? > knowl kill - - -
Spencer(1993) self-concept owledge Ski
Mansfield(2004) ) number, IT ) improving leamm.g a'nd corpmum'catlons, ) ) prob'lem
performance, application working with others solving,
Coll & attitude, Kknowledee ) technical, analytical, interpersonal, ) ) )
Zegwaard(2006)  self efficacy g appreciative organizational
identifying scientific issues,
OECD(2009) ) ) explamimg . phenomena ) ) ) ) )
scientifically,
using scientific evidence:

. . . creativity/innovation, L prob.I em
Griffin & ) information, ) meta-coenition. critical communication, solving,
Care(2014) technology leamigrlll o ,learn ? collaboration decision

& ’ making
lag;ggui?agles, sense of initiative and
Eurydice(2012) - mathematics - learning to learn entrepreneurship, - - -
science cultural awareness
technoloéy and expression.
g,
Kwakonzye PR 712304, ] A7) FEA Sasd, g, okas,  EAEY,
A5, A Hjghs Apaze, Al BEEE
A7\

Koh & ] _ o Mg, e, ol BRA o0
Jeong(2014)* mes St Eas, A8 S e,
Ministry of e e e HoA AE, YA QAT .

- - = ! - _ - - A A"
Education(2015)* e w e HA Bl 59 3t 7ol e
Yao, J-X, & attitude, big idea, question, evidence, modelling. innovation collaboration, ) ) )
Guo, Y-Y.(2018)  responsibility NOS explanation, odelling, mnovatio argumentation,
number, negotiation make
Carracedo et al. responsibili lileogy; i ﬁg:tlﬁzmliinlfaﬁﬁlg’ leadership, i i decisions,
(2018) P vy guage, ; puling, communication, problem
practical learning ability .
knowledge teamwork, solving,

* These are written in Korean documents, so the results are expressed in Korean to prevent misinterpretation
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Table 7. Examples of performance in science competency

Examples of performance or action in science competency

+ conduct scientific inquiry.

* solve the problem, (finally, by agreement) make a decision/choice, ...
+ implement, practice, participate, contribute, ...

+ (comprehensively/overall) give a presentation/lecture/performance ...

- complete design, make a production, ...

S0 vl Alo] k= Y85 = 1S Ao] UARA ARl 1k
o] ARIEf ojk o] shAyo] @A mee] Hoks Aol sy
o] AF3H= Aol T1oiolx] Sof st ATE s|dloa, ket me
oI ofEEt ARRS thofof SHexlo] s & o FAECR =0

sh= 2w Wasichy o}
olgA, 0] A9 oRkel Aol
ul(Table 5), ek Qo= AFEA] ke 7
A gol AalA U] kA of2f 7Rl
29l g AA|R Sk 9l7] ufo]
gt} AE =0, ‘BAIE k=

HE 2T YA
agolck. et ofeo
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ol 28500 THEpolot
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Table 8. Examples of competency goals modified with
achievement criteria
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,f/ Context \

( , -

Context

\ comple):, il-defined, ...

|/Performance )
e

™ conducting scientific inquiry, ...
solving problem, making decision, producing outcomes, ...

‘ \Performance = Level ) ‘/ Level ™ efficient, effective, successful, satisfactory, ...
— \_ J professional, adequate, valuable, ...
4 language, symbol, science, mathematics, IT, NOS, .
'\ Knowledge ) theoretical, practical, ..
Skilis —————_investigative: finding issues, explaining, using evidence, ...
( Skills | cognitive: analytical, creative, logical, metacognitive, self-learning, ...
.

Non-cognitive
characteristics

social: communicative, collaborative, teamwaork, organizational, ..

I//Non-cognitive\ attitudes, self-efficacy, responsibility,
\\Eharacteristicy belief, value, motives, ...

Figure. 4 Model of Science Competency
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