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Abstract: We outline an emerging research agenda that brings together three distinct topics
relevant to the changing requirements of school education: STEM education, inquiry learning,
and data literacy. When examining current curriculum materials in Australia we find that data in
the digital environment is primarily seen as something to be examined in terms of its
representations, interpretations, and visualisation — all activities that can be understood as
downstream from data production. We argue that in the same way that inquiry learning involves
a shift from the teacher to the student as the pivotal questioner, that a comprehensive and
systemic approach to understanding data in the digital environment must involve appreciation
for its production as well as consumption. Teaching STEM as an integrated and
interdisciplinary way to decomposing real-world problems, not just the STEM subjects,
requires a systemic approach running through and across the curriculum. It also now demands
data literacy.
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1. Introduction

A character in a 1936 story Swadeshi Rail by a famous Urdu writer, Shaukat Thanvi, inquires which
station is this train heading to? He receives a response that it depends upon the majority of passengers.
A Facebook post recently asked a similar question, who decides what is fake? Big data may provide a
compelling new resource that potentially can be used to solve many real-world problems, but it presents
similar challenging questions if we scrutinize the underpinning instruments that produce it. It would be
a big mistake if the sheer volumes involved in big data led us to think such scale has equivalence to a
comprehensive census.

Combining big data with algorithms enables decision-making processes to be automated,;
however, most people only experience algorithms as ‘black boxes’ and must either accept the data
produced as valid or not. In practice, despite the growing public outcry regarding this issue, such data is
usually attached to a service. A common example is banking, and the sources of data used to produce
our credit rating. Another well-known example is the data collected via consumer loyalty cards. But
what of the data collected that we don’t really know about?

In previous work two of us defined proposed a definition of data literacy that extends beyond the
learning of data through computational and statistical representations that also includes making sense of
diverse data types, to recognise the stories that data visualizations can convey, and to acknowledge the
role of the data storyteller (Khan & Mason, 2016). In our combined research agenda, we focus on the
progression of understanding the nature of data from first encounters in educational activities that begin
in early childhood through to senior schooling years. In doing so, we propose and advocate for a
systemic approach to data literacy that aligns with a curriculum where science, technology, engineering
and mathematics (STEM) is embedded, though not necessarily explicitly.

In 2018, we surveyed STEM experts from around the world attending three separate international
conferences focused on computers in education. Among the findings are themes of concern that were
identified in the literature a few decades ago, leaving us to conclude that systemic change of embedding
of STEM in the curriculum has not yet taken place. Additionally, responses to the survey reveal that
data literacy is yet to be recognised as a foundation that underpins STEM education.
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2. Change of Millennium

Leading up to 2000 there was widespread public discourse concerning the school curriculum and how
to prepare the next generations for a technology-transformed workplace. In Australia, the focus shifted
to development of skills in cross-disciplinary, critical and creative thinking, problem-solving and digital
technologies. These objectives are now central to the Australian national STEM school education
strategy. It recognises the role of STEM at all levels of schooling (Education Council, 2015). In parallel,
a global agenda focused on 21% century skills has evolved (Griffin, McGaw, & Care, 2012). In the
Australian Curriculum, this is embedded as ‘general capabilities’. Both agendas align with a shift
toward student-centred pedagogies enabling self-directed learning.

In terms of calibrating teaching and learning to meet these new challenges we question whether
the core competencies of creativity, critical thinking, collaboration, and communication are beginning
to look too general? What about problem-design and data literacy? And, while computational thinking,
design thinking, and systems thinking have all become embedded into the Australian curriculum, these
modes of thinking are not enough in an environment where false information is prevalent and data
visualization tools can be easily manipulated. Fake news and cyberwarfare are becoming increasingly
sophisticated and both require a response that is acutely analytical, discerning and agile — and these
abilities require questioning techniques that probe deeper than search. We need to focus curriculum on
such questioning techniques and shift legacy and traditional pedagogies that focus on ‘thinking in
answers’ to a mindset that is nurtured through the inquiry of ‘thinking in questions.’

3. STEM and Data Literacy

Abundance of data now is a feature of our times. Little data collected with rulers, thermometers and stop
watches has morphed into big data (Lohr, 2012). Science has moved to using big data to investigate ‘big
problems’; gene expression, plate tectonics, algal blooms, disease, and the fundamental particles of the
universe to name a few. Science has entered a ‘fourth paradigm’ of data-intensive investigation
(Tansley & Tolle, 2009). A key implication for inquiry is that it is now closely coupled with handling
data — its production, processing, and interpretation. Thus, Earl and Katz (2006) have described data
literacy as a skill that uses evidence to systematically consider an issue from a range of perspectives to
explain, support and challenge established thinking (p.45).

Because data is produced in a diversity of ways across all disciplines a systemic way of dealing
with it across the curriculum is needed. Table 1 illustrates how the number ‘5’ can be inferred (as data)
in various ways.

Table 1

Representations of the number five

five 5 V i 2+3 QR

In primary schools, students often see the numeral five as a counting number, something to add,
subtract, multiply and divide, but the meaning comes from a specific activity or context. Often the
inquiry takes the fair test approach: change one variable, keep all other variables the same and measure
the change. The measure skill moves from bigger-smaller to tools of measurement to discern how much
bigger or smaller, so units become important. The journey of the numeral five in primary schools is
again bound in the inquiry as the amount of change. The plants in the sun grow five centimeters more
than those in the dark. Build a spaghetti bridge, a well-known STEM activity, one block breaks the
bridge, another bridge holds five blocks, the data suggest that the bridge that held five blocks is stronger.
As for the cars on the ramp: one block verses five blocks have now a measured height, a measured
distance travelled, and for older primary students a speed calculated. Again, the data is generated
through measurement to answer the inquiry question and visualised usually in a graph.

Secondary school brings, what Metz (2015) calls the ‘Cambrian explosion of data’. However, the
inquiry is often the same process: question or problem; data generated, analysed, interpreted and
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visualized; more precise measurements, more variables, more data. The numeral five is again a measure
of difference, yet it could be the slope of the line in a graph or the number of trials in an inquiry.

The Australian Curriculum already touches upon on issues concerning data usage though ‘data
production’ itself is not yet explicit. Given that data can be produced automatically and intentionally
within digital environments, data literacy requires attention to the full scope of data production.

We are now pursuing a core research question: in what ways can we articulate a systemic
approach to embedding data literacy within a STEM curriculum from early childhood to senior
schooling?

Acknowledgements

We thank Charles Darwin University for a grant (#H18098) that enabled this research.

References

Earl, L. and Katz, S. (2006), Leading Schools in a Data Rich World, Thousand Oaks, California.

Education Council (2015). National STEM school education strategy 2016-2026. Australian Government.

Griffin, P., McGaw, B., & Care, E. (Eds.). (2012). Assessment and Teaching of 21% Century Skills. Springer.

Khan, K., & Mason, J. (2016). Data, the Story, the Storyteller, in Chen, W. et al. (Eds.) Workshop Proceedings of
the 24™ International Conference on Computers, India: Asia-Pacific Society for Computers in Education.
(2016). pp. 142-144.

Lohr, S. (2012). Big Data and Big Brother. New York Times: New York.

Mason, J., Khan, K., &. Smith, S. (2016). “Literate, Numerate, Discriminate — Realigning 21% Century Skills”,
in Chen, W. et al. (Eds.) Proceedings of the 24" International Conference on Computers in Education. India:
Asia-Pacific Society for Computers in Education. pp. 609-614.

Metz, S. (2015). Big Data. The Science Teacher, 82(5), 6.

Tansley, S., & Tolle, K. M. (2009). The fourth paradigm: data-intensive scientific discovery (Vol. 1). A.J. Hey
(Ed.). Redmond, WA: Microsoft research.

667



WORK-IN-PROGRESS POSTERS

APPLY ZUVIO SYSTEM TO EXPLORE STUDENT’S LEARNING EFFECTIVE IN THE BIOSTATISTICS CLASS .......cccceevuuee 670
KUo-FENG W, DORESSES Liu PHD, RN

IDENTIFYING DETERMINING FACTORS OF EFL LEARNERS’ STAGE OF THE ACQUISITION ON ENGLISH
PREPOSITIONS ...iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiisisisisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssens 672

TAKUMI MUROI, YuicHI ONO
ACQUISITION ORDER OF SEMANTICS OF ENGLISH PREPOSITION BY JAPANESE EFL LEARNERS .........ccccevveeeeneneens 675
Tomokl KANO & YuicH ONO

DETECTING FINE-GRAINED SYNTACTIC FEATURES FOR PREDICTING JAPANESE EFL LEARNERS’ WRITING
PROFICIENCY ...oiiiiiiiiiiiitiiiiiiieneiniinisisseasssessissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssssssssnnnnnns 679

TAKESHI KATO, YUICHI ONO
VISUALIZATION OF UTTERANCE TRANSITION IN GROUP DISCUSSION USING LEARNERS’ MOBILE DEVICES........ 682
JUNICHI TAGUCHI, IzumI HORIKOSHI & YAsuHISA TAMURA

EFFECTS OF DIFFERENT MEDIA FORMATS OF STUDENT-PROVIDED EXPLANATIONS TO ONLINE
STUDENT-GENERATED QUESTIONS ON ENGLISH LANGUAGE LEARNING........ccccccumieerriicsssnnnnnecenissssssnnnneeennes 685

Fu-YUN YU & PEI-CHI WU

THE EFFECTS OF A CROWD-SOURCED APPROACH TO FEEDBACK-PROVISION FOR ONLINE DRILL & PRACTICE
ACTIVITIES oeiiiiiiiiiitiiiiinnniiieeiiissesssssssssssssassssssssssssssssssssssssssssssssssassssssssssssssanssssssssssnnssnsssssssssnnnnnnessssss 688

Fu-YUN YU & CHIAO-Y1 CHEN
UTILIZING ONLINE COMMUNITY-BASED FLIPPED LEARNING APPROACH FOR ORAL PRESENTATION.......cccceeeueee 691
Y1 CHUN LIU, CHENG-HSUAN LAN, & CHUN-WANG WEI

PRACTICE ON A WORKSHOP UTILIZING WEB-BASED INVESTIGATION SYSTEM FOR TEACHERS’ JUDGMENTS ON
STUDENTS’ PERFORMANCE ........ueiiiiiiieiiiseniisneiisneisseisstessssessssessssesessnesssnessssesessssesssessssessssesessssesssessanesnne 694

KAE NAKAYA, YuRI UESAKA, HIDEKAZU KAMINISHI, TATSUSHI FUKAYA, KAzUHIRO YAMAGUCHI! & MASANORI
NAKAGAWA

VIDEO-BASED COMPETENCE DEVELOPMENT IN CHEMISTRY VOCATIONAL TRAINING........ccoeceirieirieerinensanennes 697
MELANIE ERKENS, SVEN MANSKE, DANIEL BODEMER, H. ULRICH HOPPE, ANGELA LANGNER-THIELE

GROUNDING SUPPORT FOR EFFECTIVE COLLABORATIVE LEARNING ......cccittuiiiimmeiiimmeiiiinnsiiisnesinmsnenmssmsn. 700
LypiA HARBARTH, MELANIE ERKENS & DANIEL BODEMER

STUDY ON ENGLISH LEARNING SUPPORT USING QUESTION CARDS AND SMART SPEAKERS ........ccccceeeiiiirrrnnnee. 703
AYAME KOBAYASHI, SHIGETO OZAWA

SEAMLESS SOCIAL NETWORKING COURSE DESIGN: AN PRELIMINARY RESULT OF INDONESIA-TAIWAN WORKERS’
ONLINE TRANSLATION COURSE ....ccovvttteememmmemeemmmmmmmmmmmeeeememmeeemsessssesessssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 707

RoTuA ZENDRATO, BEN CHANG
INVESTIGATING THE STRATEGY OF KINDERGARTEN TEACHERS INTEGRATE TECHNOLOGY INTO BLOCK LEARNING

WAN-CHEN CHANG

SUPPORTING THE DEVELOPMENT OF STUDENTS’ INTERDISCIPLINARY COMPETENCE THROUGH THE SMART
CARING TECHNOLOGY COURSE......cccttttttmmmmmmmmmmmmmmmmmmemmemeemmmmemmsssmessmssmssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 713

CaLviN C. Y. LIAO

668



EXPLORING THE POSSIBILITY OF LEVERAGING SPHERICAL VIDEO-BASED IMMERSIVE VIRTUAL REALITY IN
SECONDARY GEOGRAPHY EDUCATION ...t 716

MORRIS SIU-YUNG JONG, CHIN-CHUNG TSAl, HAORAN XIE, FRANKIE KWAN-KIT WONG, VINCENT TAM & XIAOHUA ZHOU
COMPARISON BETWEEN INTERNATIONAL AND KOREAN CSCL RESEARCH........cccoctrrnuirineeineerieensneesneeseeseneens 719
JI-YEON JEONG, SU-JONG SEO & HEISAWN JEONG
TEACHING SYSTEM FOR OPERATION OF ARTIFICIAL RESPIRATOR........cocovttiniiineeiieeissesssesssessssesssessssesssssesnes 722
REN KANEHIRA, YASUHIRO ITO, MASANAO KATO, NAokI MIWA & HIbeo FUJIMOTO

KNOWLEDGE-BASED RECOMMENDATION SYSTEM FOR TEACHING COMPUTATIONAL THINKING IN PRIMARY
LEVEL STUDENTS ...coiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiisisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsens 725

JuLIO VERA-SANCHI, EDUARDO DE-RIVERO, CHRISTIAN CONDORI-MAMANI, VIDAL SONCCO-MERMA, GUSTAVO SUERO-SOTO,
KLINGE VILLALBA-CONDORI

MULTI-LABEL SEARCH PLATFORM FOR OPEN EDUCATIONAL RESOURCES BASED ON PURPOSES LEARNING ...... 735

JULIO VERA-SANCHO, GUSTAVO SUERO-SOTO, LUSHIANNA TEJADA, SONIA CASTRO-CUBA-SAYCO & KLINGE VILLALBA-CONDORI

669



