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Re—conceptualization of data literacy reflecting the
expanded data characteristics and context

Choi, Kyunghee* - Cho, Dong-sung**

C T This study presented a framework for re-conceptualized data literacy that consists of three
Abstract ) . ) .

C _ domains-knowledge, skills, and contexts- and elements that are emphasized by each domain. In

addition to the existing concept of data literacy that mainly emphasized the skills to handle data, the context domain

of data was considered including the elements of scope, time, and value orientation. Based on the re-conceptualized

data literacy, it is expected to be usable as reference material in the development of curriculum and educational

programs in the fields of informatization, manpower training, and administration.
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(Table 1) Definitions of data literacy

Authors Definitions
Vahav. et al Ability to: “investigate authentic problems; use data as part of evidence-based thinking; use
(25’1 2) ' appropriate data, tools, and representations to support this thinking; develop and evaluate

data-based inferences and explanations; and communicate solutions.” (p.181)

Athanases, et al.
(2013)

Capacity “to manage, understand, and critique proliferation of data in a hi-tech, networked
information age” and ..... “to conduct inquiry: formulating questions,

collecting and organizing data systematically, using appropriate tools to analyze and display
findings, and drawing conclusions.” (p. 11)

Mandinach & Gummer

“Ability to understand and use data effectively to inform decisions. It is composed of specific
skill set and knowledge base that enables educators to transform data into information and

(2013) ultimately into actionable knowledge.” (p. 30)
Frank, et al. Ability “to find data, select it from a mass of alternative sources, evaluate its quality and
(2016) trustworthiness, and manipulate it to extract the information they need” (p.5)
Ability to ask and answer real-world questions from large and small data sets through an inquiry
Wolff, et al. idering the ethical use of data. It s based ical and relative skills, with
(2016) process considering the ethical use of data. It is based on core practical and relative skills, wit
the ability to extend the knowledge of specialist data handling skills according to goals.
“An expansion of the concept to include not just competencies in reading and working with
Gray, et al. " ) . . .
(2018) datasets but also the ability to account for, intervene around and participate in the wider
socio-technical infrastructures through which data is created, stored and analysed.” (p.1)
Go & Lee Ability to communicate by integrating attitudes toward data as well as the knowledge and skills
(2020) of generating, analyzing, and interpreting data.
OECD The ability to acquire meaningful information from and create and communicate using data
(2020) based on mathematical understanding and skills particularly in relation to statistics. (p. 22)

Pangrazio &
Sefton-Green

“Data literacy involves both critical understandings of the technological infrastructure and the
political economy of digital platforms, as well as strategies and tactics to manage and protect

(2020) privacy and resist being profiled and tracked.” (p. 214)
Ongena “Ability of an employee to identify, understand, use, reflect, and communicate data to achieve
(2023) predetermined organizational and societal goals.” (p.2)
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principles to
real-world problems
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\ logic >

Quantitative Use computational Data
Reasomng thinking to identify Science
patterns, curate data,
Apply theory to use and create Perform computer
and develop UL science tasks including
mathematical

/\ programming and
Data Literacy developing digital

and equations’ tools to work
Understand and with data® 5
evaluate information
Apply obtained from
mathematicall  authentic data®® Selectand

Develop
understanding of
content knowledge
from field, e.g. biology

Authentic
Context

explore
authentic data to
develop questions
and evaluate
information* ’

source: Kjelvik & Schultheis, 2019, p. 2.
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(Fig. 1) Data literacy among quantitative reasoning, data science, and authentic context
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[Phase 1] [Phase 2] [Phase 3]

Extraction of Key Domains ; Birsen af

& Elements of Data ge\t"el‘:”.' ll)c}/E - Final Domains & Elements

the_racy Through Literature ata Field Experts of Data Literacy

Review

—Literature analysis on —Consultation of seven -Review & modification based
literacy, data literacy & data experts with research and on expert reviews to derive
characteristics. educational experience the final domains & elements.

—Primary extraction of in the data field for the -Expert review for the
domains & elements review of the first domains il visrsian
of data literacy and elements

(™ 2) A7 2 3 "X}
(Fig. 2) Research procedures

(E 2) GIOIE] 2|E{2{A|9] 2t 714 QA1)
(Table 2) Domains and elements of data literacy (1** draft)

Domains Elements

Knowledge Nature and characteristics of data; Basic database theory and process technique

Data access and collection; Data organization; Problem identification from data; Data analysis;
Skills Data Visualization and Interpretation; Data-driven decision-making; Data evaluation;
Communication with data

Context Scope, Time, Ethics
1. 28 242 Est HloE 2E2AQ F2 HF ¥ S FHSIL EA5tH E8ste] A= AFshe A
QA EE Al AT AR 712 YR PO (691

), AA% 7|z, 719 "z Al MFE 4 84
HA ‘“4331*] tlo]E ﬂEﬁ'V] golg9 £4, # & A Mandinach and Gummer(2016)= 1
ol #E S £ FAste] I A ARl AF AR dlojE E A Z&2 ARt 7
= ”Jrc’}?—ﬂo”% E£3] dloje] el #AE ¥ E(Conceptual Framework)ell A4, 7|, 4%
AELS Sl AL £ A5 55 142 (Disposition)S HiA|5FHA o]E Q4] E-&HE g
&4 golH gEAIE Hoke WFet o9l 84 oJHe g W Y (Content Domain)ofl A Hets}
£ (& 2> e, glojof ghZ F2Ft. o]t L AHE HEL
APAFol= glolg HEYAIE HFEE MFeet  AFolie A4 71 ¥ o] Hlojg 49 ¥}
AFEo] ok HEHCE Kim and Kim(2021) 2+ EHE 12olr] It W2 WebS Zogr)
< ol ZEHAIE “ZAE sH2sH7] Hel HolE
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(Table 3) Information on the participating experts

Name Fields Data-related experiences
A Medical science Data-based diagnosis and customized treatment research using patient health data
) Research on teaching and learning methods supporting English learning by
B Language education analyzing English sentences suitable for the user level to build language big data
C Science education Research on Al and data-based science teaching and learning methods
) Research using big data and operation of data analysis courses to nurture data
D Computer science i
practitioners
Atmospheric and meteorological research by analyzing real-time data from the
E Meteorology National Oceanic and Atmospheric Administration (NOAA) and European Center
for Medium-Range Weather Forecasts (ECMWF) as well as historical data
P Hospitality(food science) Research on identifying and.predlctmg consumer purchasing changes and trends
based on consumer propensity data
. e Research on developing beauty products and customized services through data
G Business administration . , . .
analysis of customers’ aesthetic tendencies

2. 29 9 QA0 Th3t K|} E0f HET} HE

EHo)4 £5% dolg JHYAE TATHE B
o 519] 240 B AZUY] 99 AEIL AR
H4E Sasisch. dEo] Folst BRI (F 3T
o] Yolg| Hoolq 447 AFE SaaigA o
oIFE 28] 472 $UAE 2 209} 2709
olElE el BASIE AtY Hojo] EAHL % 7
ol B o Bojol SIS HEHE, %
ofo] wzk tlolelo] tgt olsfol &8 4, WRE 3}
= A4olu 714 So] B % e THel] s
3 5 Theret Bopol 4 A9lsl A} weglon] Ars
20234 193} 29 Ajolo] o] 2ojAi.

B 7SS ool 24 ¥ shpEe ojd do]
g g Ao T At 2, (& 2)o] A do]
g 2lEj2iA) Waet /4] dhal AEA ZEAY 4
A E3HElolo} 3 ygo] Y=Ao] ] AES o=l
o} AE7lSL wE Yol N Fa4e A4

o, d7AEo] A blofE ZEZAIE sk
ot 840 g H3H oz Foct. 5] W
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T SE7hH2ER o]F offd ¢ Sle MEe
149 5% $82 2R, A7} Be Hol
g 3 &89 gt 7les 50t A%
glofE o] AZHgol digt olsie] F244%= AFFt A
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3. GIOE 2jE[ZA S HX X 24 EF

427} AR 083 A Ha
A O}J—r_ BAsle] B dazse
FHBE A4, 714, B WE LH 2452 98
2 244, 9slel 3502 Apidsitch 17
2:50] U AR ARE (), (S, (6ol 2
2 AR

B AR5 o

)

ANE %
7} 5 490004 AHES T S

oF 940 disirl= AFE B8 AFARI AE7ED, 7]
& W39 940 i A7t ZEA HolHE
71§ o] th£1 &85l Sl HEZF BRHE, 28
et Mot 9 Aofis T Aol skl A7

A%/} AEA ol A

Sl

9] A XEQ JHZ AsIAE &, AA
7HHW11‘41°H SO ol 22 e AH &
dlolE ZE=A9 g T2 AollA BEEF 3.

Iv. ClIOJE] 2{E{ZAI2] XH7HE=t

2 A7olA e Holget Holg HEHA o #
A+ 24, d27e] A& o4, 22 7ohﬂ
I e HolH A " 2Fst] blof
g ZEAIE A4 (Knowledge), 71&(Skills), "2t
(Contexts)'9] Al HFet ¥ 319 842 A7/ Hs
Aot A7k dlolE ZEAE 712 =3l A
PATolM F= 7]e HFE FH2E HolE 2
A Aot A3 g, HlolE o] 2 549 Weke
st} KA W 2Rl AR, ofof whE 5f
A 24 AT 7 HF 24E 7| S3f5te] |4
(K), 71&(9), WHC)E vhz wefd & == o,
7 240 Higt gojet A BE Ha A= AAH

H 4) HI0[E] 2|E{2{A] X|A] WFO| £ Q4
(Table 4) Key elements of the knowledge domain

Elements

Definitions

K1. Nature of data

Basic knowledge on sources and types of data and their quality
Awareness of societal impacts of data use and its contribution to scientific/engineering
research (Gray, 2004 Prado & Marzal, 2013; Qin & D'ignazio, 2010)

K2. Basic database theory Schield, 2004)

Basic concepts of building a database infrastructure (Choi & Kim, 2020; Santoso, 2017;

K3. Basic data programming
Kim, 2021)

Basic understanding of programming language such as Python, JAVA, and C++ for
developing simple applications (Choi & Kim, 2020; Das & Mohapatro, 2014; Kim &

K4. Basic statistical theory

Basic ideas of statistical and analytical techniques to distill complex problems into
clear solutions (Choi & Kim, 2020: Kim & Kim, 2021; Schield, 2004)

K5. Data ethics

Awareness of individuals’ data privacy, confidentiality, and security
Understanding of authorship, ownership, and data access (Lee, 2019; Ongena, 2023;
Prado & Marzal, 2013; Wolff, et al., 2016)
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oA AARE (E 1)ollA Aol At HlolE
Al HYE AT EH YRR gojgg E4S
ojsstal HolEE T © Bag 7|24l A|4o]
O] a2 & & Tk G S HolH
E|ZA9] §HoE A4 ATt A|4lo] Z3E
= A5 oHe] oy 84 5ol tsfiAl= A9 dEd
A A2 77 Bttt 28y AgAolA FEAe
Z AAE HE-S Soto] £ o= HolH H
ZAE ok RAEA (E 4)0f YeERd et Zo
glo[8 9] 24, HloeHo] At 2T 9 FA o
39t 7+ 712 i, 223 glolH &8E AAIF

AAE A5k HolH e 24K Hole 9] ¢
H(Source)oll W Aol BFAE Yulste &
Z(Gummer & Mandinach, 2015), Glo|E]7} A=
¥4 191 A 52 PP olH $7< $2Qin
& D'ignazio, 2010) 5l Wgt A|4]& ofw]gith. E3
glole7F AFRl2A| sidolu #at7]s o] o g A
AHEE F 9loH, ARlA o R ofudt FAA, FAgA
FFZ 7HE AAA ] Higt A E F827519(Gray,
2004; Han, 2018; Ongena, 2023; Prado & Marzal,
2013), 840 Z3Hgct.

gloEE|o] A of2] Algto] Ffotal AMEE 5= U
5 FgE AZH wolHY Hes Tot=d, o
2|5t Hlofg o] A9l L@} Qlzmeto] gt 7] o]
(K2)& A4 M) =93t 3 40|t Choi & Kim,
2020; Leo Willyanto Santos, 2017; Schield, 2004).
E3F e TR (KIS TEE b BT woli
(Phython)o]u ZFHKJAVA) 52 217 <lof9] o]
L (Choi & Kim, 2020; Das & Mohapatro, 2014),
4% EAU @4 HEsHA E4cl=t] 233 &
A o]&ou &4 7]of that A Al(K4)(Choi & Kim,
2020; Kim & Kim, 2021; Schield, 2004)& #]4] #

} YT B0[HO| St M2tS St IO 2E2{Af [iE et \

0] 5}9] 840] EF}. BlojelHo] A% nR T
wo] A AE} D, B4 0|23 dlojg 24 7]
#o] QA AR} Fe] WEHQl AES} AT
B, 174 2H(E 2)oIA= Hojel g2l's met
zo) 519 242 AN, B4 A3-¢
A

T WL oz A4 W]
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]_
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(Lee, 2019; Ongena, 2023; Pangrazio & Sefton-
Green, 2020) F-=2 ‘A4 #3o]] £ 4= ITHKS).
Hhd Hlol8 9] &34 ARgolu 7H] 4 5 Eikot
OJAJof TE R W WaEo] 940l TRA|F
(C3)l =3

2. 7|z BZ(Skill Domain)

7Ie WFe] 84de HolHE tRi wHshe 7]

2] EozA BAY Q404 Zusto] Hol 4
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(Chung & You, 2022; Rabhi, et al., 2019), AEZS
FE511 F5H AHY 43| s B|HH AFLE
sto] QAL B ot 7164 58S EZUH(Bae,
2019; Mandinach & Gummer, 2013; Schultheis
& Kjelvik, 2020). £3] Park and Cho(2021)% d°]
E] ZE A4 FHLIet HlolHE 7gotal A5k,
fn|E 2= 24 50| 7P S Folta A3t
7I€ WY 8452 AAR HolHE HF = 7e
A 52 7|54 B4 FE FHEo] flong 224
7 9](Operational Definition)& 53] 849 /g
8f& 4= QlthH(Pangrazio & Sefton-Green, 2020),
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(Table 5) Key elements of the skill domain

Elements

Definitions

S1. Problem identification from data

Use data to identify problems in practical situations or higher-level situations
(Chung & You, 2022; Han, 2018; Ongena, 2023)

S2. Data collection and generation

Find proper data/data sources and obtain/access data
(Rabhi, et al., 2019; Lee, 2019)

S3. Data management and
organization

Identify the technologies to preserve data and apply data manipulation methods
and tools (Papamitsiou, et al., 2021; Lee, 2019)

S4. Data processing and analysis

Apply the basic data analysis process steps and methods (e.g., statistical
methods, data mining algorithms)(Gray, 2013; Park & Cho, 2021)

S5. Data visualization and
representation

Visually present data and display the output of data analysis in an interactive
way (Chung & You, 2022; Gray, et al., 2018)

S6. Data-driven interpretation and
decision making

Interpret data by identifying patterns, testing hypotheses, and making
connections with multiple observations, and make reasonable decisions based
on data and evidence (Mandinach & Gummer, 2013; Papamitsiou, et al., 2021;
Wolff, et al., 2016)

S7. Critical and rigorous evaluation
on data and its process

Critically and rigorously reflect the entire data process as well as the quality of
data; be sensitive to ethical issues during the reflective process (Bae, 2019;
Chung & You, 2022; Mandinach & Gummer, 2013)

S8. Communication with multiple
types of data

Communicate and explain the desired outcomes for presenting different data
types (Chung & You, 2022; Gray, et al., 2013)

AR A F2 oldfstAY melehe 7les et
th. Ongena(2023)+= El°lEE 24617 913t A WA
A7} ElolE 7}t ofd R RUA] mjetstal of HlolE 7t
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(Table 6) Key elements of the context domain

Elements Definitions

* Personal * Use of personal, societal, or global data to solve problems and
C1. Scope * Societal interpretation of data in various ranges of context (Lee, 2019;

* Global Pangrazio & Sefton-Green, 2020; Wolff, et al., 2016)

* Historical/Real-time * Data use and interpretation for problem solving or decision making
C2. Time * Timeliness considering the inherent temporal properties of data (Santoso, 2017;

* Life cycle of data Rabhi, et al., 2019)

Data shangg * Data use and interpretation for the creation of societal values and
C3. Value * Accountability for proper . s A ;

) . larger good (Ongena, 2023; Papamitsiou, et al., 2021; Qin & D
orientation | use of data e .
. ignazio, 2010; Wolff, et al., 2016)
* Value seeking
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