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ABSTRACT. This study aimed to analyze achievement characteristics of Korean students in the results of PISA 2018 sci-
ence domain. To this end, the characteristics of PISA 2009 to PISA 2018 science were analyzed in terms of the percentage of
each performance level and the ratio of male and female by achievement level; in addition, the percentage of correct answers
by framework subscale was compared with PISA 2015. The results showed that Korea has a higher percentage of students at
the lower level of achievement as compared to the high-ranking countries of PISA, and the ratio of students at the higher level
of achievement was lower. On average, the difference in achievement between boys and girls was negligible; however, but at
the higher achievement level, the ratio of boys continued to be higher than that of girls. In addition, in the PISA science frame-
work, the percentage of correct answers of the questions corresponding to ‘personal’ of ‘contexts’, ‘evaluate and design scientific
enquiry’ of ‘competencies’, ‘epistemic’ of ‘knowledge’, and ‘high’ of ‘cognitive demand’ increased; similarly, and achievement
improved as compared to PISA 2015. Based on these results of the study, we propose a method for improving teaching and
evaluation to foster Korean students’ scientific competence.
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Table 1. Trends in performance in science

Grade PISA 2009 PISA 2012 PISA 2015 PISA 2018

Mean 538 538 516 519

Ranking (Number of participating countries) 4 ~17(75) 5~8(65) 9~14(72) 6~10(79)

*Source’
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Table 2. Percentage of low achievers and top performers in science in PISA high-ranking countries

PISA 2009 PISA 2012 PISA 2015 PISA 2018
Country Level 5 or Below Level 5 Below Level 5 Below Level 5 Below
above Level 2 or above Level 2 or above Level 2 or above Level 2
Korea 11.6 6.3 11.7 6.6 10.6 144 11.8 14.2
Singapore 19.9 11.5 22.7 9.6 242 9.6 20.7 9.0
Japan 16.9 10.7 18.2 8.5 153 9.6 13.1 10.8
Canada 12.1 9.6 11.3 10.4 12.4 11.1 11.3 134
Estonia 104 8.3 12.8 5.0 13.5 8.8 122 8.8
Finland 18.7 6.0 17.1 7.7 14.3 11.5 12.3 12.9

*Source?!
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[Canada 7~8 grade] Observe, measure, and record data
(qualitative and quantitative), using equipment, including digital
technologies, with accuracy and precision.?

[Singapore 7~10 grade] Make estimations and measure
accurately length, volume and mass (including volume and mass of
liquids and solids but not of gases) of matter using appropriate
instruments (metre rule, measuring tape, vernier calipers, measuring
cylinder, displacement can, electronic balance) and methods.?’

[Estonia 4~6 grade] Use appropriate measuring tools correctly,
following safety regulations.

[Estonia 7~10 grade] Are able to bring out associations in data
collections presented both graphically and nongraphically.?
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Table 3. Differences in the percentage of male and female students by each grade level in science (male-female)

Level 1 Level 2 Level 3 Level 4 Level 5 Level 6
Korea OECD Korea OECD Korea OECD Korea OECD Korea OECD Korea OECD
PISA 2009 0.8 1 1.1 -1.1 -3.7 2.2 2.5 -0.1 1.6 1.2 0.9 0.5
PISA 2012 0.3 1.1 -0.9 -1.9 -4.6 2.3 0.2 0.5 22 1.4 1 0.5
PISA 2015 6.1 1.1 -0.3 -1.8 -4.5 2.3 -3.2 0.6 1.5 1.7 0.5 0.5
PISA 2018 0.8 24 -0.6 -0.9 -2.9 24 0.1 -0.3 1.7 0.9 0.9 0.3
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Table 4. Percentage of correct answers by PISA science framework subscale
Subscale PISA 2018(%) PISA 2015(%) Difference
Global 49.76 49.85 -0.09
Contexts Local/national 59.28 57.97 1.31%*
Personal 72.53 63.69 8.83%*
Explain phenomena scientifically 5533 54.77 0.56%*
Competencies Evaluate and design scientific enquiry 52.55 48.52 4.03**
Interpret data and evidence scientifically 61.94 62.61 -0.67%*
Physical 60.21 57.68 2.53%%*
Content Living 55.38 56.42 -1.04%*
Knowledge Earth and space 55.64 55.52 0.12
Procedural 59.99 59.76 0.23%*
Epistemic 43.99 40.25 3.74%*
High 50.94 45.84 5.10%*
Cognitive demand Medium 52.57 51.60 0.97**
Low 68.45 67.60 0.85%*

*p<.05, **p<.01
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Table 5. Information on questions with fewer than 50% correct answers in the ‘Evaluate and design scientific enquiry’

Unit %ﬁ%ﬁ? 25 11 S&) 2 é) II ?&) Contexts Competencies Knowledge Cd(;illq ;i\ée
1 Vaccmat(l)(grll)?;léiais reading Q05 1550 1498 Global Evaluate and design scientific enquiry Epistemic Medium
2 Comparing Light Bulbs Q05 18.54  16.69 Personal ~ Evaluate and design scientific enquiry Epistemic Medium
3 Nanoparticles Q05 27.82 1558 Global Evaluate and design scientific enquiry Epistemic Medium
4 Water from Fog Q04 2922 3043 Global Evaluate and design scientific enquiry Epistemic Medium
5 Green Parks Q03 31.11  21.52 Local/national Evaluate and design scientific enquiry Epistemic Medium
6 Penguin Island Q04 31.82  19.15 Global Evaluate and design scientific enquiry Epistemic Medium
7  Comparing Light Bulbs Q04 36.10  37.60 Personal ~ Evaluate and design scientific enquiry Procedural Medium
8  Experimental Digestion Q03 37.66 3529 Local/national Evaluate and design scientific enquiry Procedural — High
9 Oil Spills Q04 45.10  31.68 Global Evaluate and design scientific enquiry Epistemic Medium

10  Experimental Digestion Q02 45.87  40.23 Local/national Evaluate and design scientific enquiry Procedural Medium
11 Save the Fish Q03 46.89  48.18 Local/national Evaluate and design scientific enquiry Procedural Medium

—
[\

Sounds in Marine Habitats Q02 48.74  51.78 Local/national Evaluate and design scientific enquiry Procedural Medium
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Table 6. Information on questions with fewer than 50% correct answers in the ‘Knowledge-Epistemic’

. Question PISA  PISA . Cognitive
Unit Number 2018(%) 2015(%) Contexts Competencies Knowledge demand
1 Extinction of the Dinosaurs Qo1 1143 9.98 Global  Interpret data and evidence scientifically Epistemic Medium

Vaccination and Spreading of

2 Discase Q05 1550  14.98 Global Evaluate and design scientific enquiry ~Epistemic Medium
3 Comparing Light Bulbs Q05 18.54  16.69 Personal Evaluate and design scientific enquiry Epistemic Medium
4 Understanding Tsunamis Q05 2428 2737 Global Explain phenomena scientifically ~ Epistemic Medium
5 Nanoparticles Q05 27.82  15.58 Global Evaluate and design scientific enquiry ~Epistemic Medium
6 Water from Fog Qo4 2922 3043 Global Evaluate and design scientific enquiry ~Epistemic Medium
7 Green Parks Q03 31.11  21.52 Local/national Evaluate and design scientific enquiry Epistemic Medium
8 Green Parks Q03 31.11  21.52 Local/national Evaluate and design scientific enquiry Epistemic Medium
9 Oil Spills Q04 45.10  31.68 Global Evaluate and design scientific enquiry Epistemic Medium

10 Elephants and Acacia Trees Q02 51.64 4731 Local/national Evaluate and design scientific enquiry Epistemic Medium

o S AgBel g Wt RGO ANE 4 59) A4S bR TFo] PISA 20159 w3 o] of
2ol SFsh Ugol /S UFBHE A o B WS FolA AALHA PISA 20184 FYE FHOE o]
£ Ego|gir. A AOR Bolu, b E AN AL 2R B 8

Sl ME BoHe g Sol FRY Fh 8 A5 BAE £90] A4 o] ok AR werdt.
42 ol BAY Bk ZAG AR sekshl, AF QA Aol A APel sigs RYE FuEe] 4
Mol EFE HY MAT B4 WQl Aol9 BAE 1 FAGOU, UAH AL JEE UE Go| g o
23 AY AAR), RS ZHES 7] s B u]sk Jlo] ke B AT A 2ol 449
o AR B3, Ok AT UL Tejslrl AR B o] ofuigteh AA) Selube} SIS HREE 16.64%
Mo @A), 24 22, B EAN)S sobshs], WA~ TR60%E WSI7E WA et owl, A 2ol 4dE
A B BT B L AR BgA P ARE B E A5 stetol Aotk Table 72 AAH A7 F
871, W8FA FAG DAG FI DA vhEshA o o] SFshs B 1042 BE ekl 202, 107

= A4S s, AReE A 7128t =Folv: % T T Y AEES A, 3 239 A
HHES AR 52 B R AR AAEH 9ot 3t E-2 otegl o, PISA 201894 PISA 20159 w]a A
sh mat el TRy Bk9) Brh AAES RYSHE & ol 10%p o Aol L B ¢lsitt
d 5 7S 27)= o AAolrh 1y 2015 RUIAH gt F Aol sidst= T‘E’.‘BZ)]' = AEE°]
N7 ekl wSag oA Fxshe wal A5F ek, 20% 1 REQl 32 Al=glold e 2714 Wl F
BFNFI B2, MEA EUE EF 1S B3 @ A 2AS AT B9 7MY 4:1—6@.% o e 5
YTAE BT 5o GFOE HA G 5 A U eix Wl A S BE BYOR, AEd ol
Table 7. Information on questions in the ‘Cognitive demand-High’
. Question PISA  PISA . Cognitive
Unit Number 2018(%) 2015(%) Contexts Competencies Knowledge demand

1 Save the Fish Q05 16.64  13.72 Local/national  Explain phenomena scientifically Content High

2 Wild Oat Grass Q03 30.10 3724 Local/national  Explain phenomena scientifically =~ Procedural —High

3 Experimental Digestion Q03 37.66 3529 Local/national Evaluate and design scientific enquiry =~ Content High

4 Birds and Caterpillars Q03 3796  35.10 Local/national  Explain phenomena scientifically =~ Procedural —High

5 Nanoparticles Q04 44.25 39.10 Global Explain phenomena scientifically =~ Procedural — High

6 Save the Fish Q04 53.74 4741 Local/national Evaluate and design scientific enquiry Procedural —High

7 Wild Oat Grass Q05 56.94  59.67 Local/national Evaluate and design scientific enquiry Epistemic ~ High

8 Penguin Island Q02 6294  66.07 Local/national Interpret data and evidence scientifically Procedural —High

9 Vacmnat(l)(;r;)z;;l;i;)readmg Q04 6432  63.58 Global Evaluate and design scientific enquiry Procedural —High
10 Plastic Age Q05 78.69  73.62 Local/national Interpret data and evidence scientifically Content High
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Table 8. Examples of science curriculum achievement standards in PISA high-ranking countries

Country Science curriculum achievement standards

[5~6 grade]

« Identify questions to answer or problems to solve through scientific inquiry
» Demonstrate an openness to new ideas and consideration of alternatives

* Evaluate whether their investigations were fair tests
* Identify possible sources of error

* Suggest improvements to their investigation methods
* Identify some of the assumptions in secondary sources
» Demonstrate an understanding and appreciation of evidence

26
Canada [7~8 grade]

* Reflect on their investigation methods, including the adequacy of controls on variables (dependent and independent) and the

quality of the data collected

« Identify possible sources of error and suggest improvements to their investigation methods

» Demonstrate an awareness of assumptions and bias in their own work and secondary sources

» Demonstrate an understanding and appreciation of evidence (qualitative and quantitative)

* Exercise a healthy, informed skepticism and use scientific knowledge and findings from their own investigations to evaluate

claims in secondary sources

[4~6 grade]

* Formulate research questions/problems and verify hypotheses
* Find science-related information from different sources and discuss the reliability of these sources of information

. 28
Estonia [7~9 grade]

» Know how to compare scientific and non-scientific explanations

* Analyse the trustworthiness of data, understands the need for repeat tests and verification tests and the need to check auxiliary

variables

» Make conclusions on the basis of collected data, explain and predict results and evaluate the validity of hypotheses
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