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Scientific Literacy Defined in PISA

« scientific knowledge and use of that knowledge to
identify questions, acquire new knowledge, explain
scientific phenomena and draw evidence-based
conclusions about science-related issues

 understanding of the characteristic features of
science as a form of human knowledge and
enquiry

» awareness of how science and technology shape
our material, intellectual and cultural environments

» willingness to engage in science-related issues,
and with the ideas of science, as a reflective
citizen
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Framework

Knowledge

. What you know:
Competencies
+ about the natural world

Context « |dentify scientific influencedby: (knowledge of science);
Life situations = | II'ESiuIE: " « about science itself
thatinvolve  people o: L (knowledge about
science and scientifically science) (NOS)
technology » Using scientific

evidence Attitudes

\How you respond to

science issues (interest,
support for scientific
enquiry, responsibility)
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Competencies

Explaining phenomena scientifically

» Applying knowledge of science in a given
situation

» Describing or interpreting phenomena
scientifically and predicting changes

* |dentifying appropriate descriptions,
explanations and predictions

R — .
Competencies

Identifying scientific issues:

» Recognising issues that are possible to
investigate scientifically

* |dentifying keywords to search for scientific
information

» Recognising the key features of a scientific
investigation
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Competencies

Using scientific evidence

* Interpreting scientific evidence and
making and communicating conclusions

* |dentifying the assumptions, evidence
and reasoning behind conclusions

» Reflecting on the societal implications of
science and technological development

—-_,

nowledge of/about science

Yy

B Al m

Knowledge of science
» knowledge about the natural world

 understanding fundamental scientific concepts
and theories

Knowledge about science
» knowledge about science itself

» understanding the nature of science as a
human activity and the power and limitations of
scientific knowledge
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Framework

Knowledge

What you know:

Competencies
 about the natural world

Context * Identify scientific influenced by: (knowledge of science);

ISsues » about science itself

Life situations . I
that involve peoglew: Xplain phenomena (knowledge about

N —— 1 scientifically science) (NOS)
technology * Using scientific
evidence Attitudes

\How you respond to

science issues (interest,
support for scientific
enquiry, responsibility)

9

Distribution of science items by
competency in PISA 2012

Closed Open % of
: . Total .
items items items
Explaining
phenomena 16 6 22 41.5
scientifically
_Identlfylng scientific 10 3 13 245
issues
Usmg scientific 10 3 18 34.0
evidence
Overall 36 17 53 100

10
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Number of items i;yeorﬁfs
Nature of knowledge
- Knowledge of science 26 49.1
- Knowledge about science 27 50.9
Knowledge systems
- Earth and space systems 7 26.9
- Living systems 9 34.6
- Physical systems 6 23.1
- Technology systems 4 15.4 "
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» Explaining Phenomena Scientifically
* Knowledge of science
* Physical systems
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Carbon dioxide
emission

(thousand millions
of tonnes per year)*

Average

temperature
of the Earth's 50
atmosphere (°C)

15

André concludes from these two graphs that it
Is certain that the increase in the average
temperature of the Earth’s atmosphere is due
to the increase in the carbon dioxide emission.

What is it about the graphs that supports
André’s conclusion?

Using scientific evidence

Knowledge about science
16
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Which of the following is/are correct answers?

1. Asthe emissions increased, the temperature
increased.

Both graphs are increasing.

Temperature is rising as CO2 is emitted.

The information lines on the graphs rise together.
Everything is increasing.

The more CO2 emission, the higher the
temperature.

The amount of CO2 and average temperature of
the Earth is directly proportional.

8. They have a similar shape indicating a relationship.

IO RF AN

)

Why are they wrong?

* The temperature has gone up.

« CO, is increasing.

* [t shows the dramatic change in the
temperatures.

18
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2% Reasoning of causality

Does X cause Y?

change/
DoeS X correlate/ W|th Y’)
covariate/

associate

19

i
&{5}1 Other kind of wrong answer

e The carbon dioxide emission (graph 1)
has an effect on the earth’s rising
temperature (graph 2).

 The carbon dioxide is the main cause
of the increase in the earth’s
temperature.

20
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vidence - Conclusion

» Evidence in science is empirical
observations (%Rl
» A conclusion is an inference (+#£5)
| . i
based on evidence (7%

21

., Distinguish between...

Hypothesis Evidence
Conclusion support | Observations
Generalizations <\’: Data
Theory Results
Laws (Empirical
(Inferences) observations)

22
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How our students performed”

Code Hong Kong (%)

12 8.4
11 67.5/ mix up conclusion
02 12 1 and evidence
01 6.9 lack concept of covariation
99 50 to support causation
% Correct
Hong Kong

OECD

F.4 F.1-F.3 Girls Boys Overall
792 69.9 75.0 76.9 76.0 543 |

23

“rouestion 2: GREENHOUSE

Another student, Jeanne, disagrees with
André’s conclusion. She compares the two
graphs and says that some parts of the
graphs do not support his conclusion.

Give an example of a part of the graphs
that does not support André’s conclusion.
Explain your answer.

24
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Carbon dioxide
emission

(thousand millions
of tonnes per year)*

Average M
temperature

of the Earth's 50 1
atmosphere (°C) /

25

In 1900-1910 (about) CO2 was increasing, whilst
the temperature was going down.

In 1980-1983 carbon dioxide went down and the
temperature rose.

The temperature in the 1800’s is much the same
but the first graph keeps climbing.

Between 1950 and 1980 the temperature didn’t
increase but the CO2 did.

From 1940 until 1975 the temperature stays about
the same but the carbon dioxide emission shows a
sharp rise.

In 1940 the temperature is a lot higher than in 1920
and they have similar carbon dioxide emissions.

Correct answers IN

26
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Wrong answers

* Most wrong answers are incomplete or not specific
enough

» But some compare absolute values rather than
changes in values — lack concept of covariation:

“Earlier there was little emission but
nevertheless high temperature.”

“ Because at the start the temperature is still
high where the carbon dioxide was very low.”

27

our students performed?

Code Hong Kong (%)

2 40.3
1 26.3
0 228
9 10.6
% Correct
Hong Kong

OECD

F.4 F.1-F.3 Girls Boys  Overall
59.7 42.0 52.2 54.8 |53.5 349 |

28
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hat is being assessed?

e Evidence vs Conclusion
e Correlation as a criterion for causation

» Evidence can support or not support a
conclusion

—>conclusion is not certain and straightforward

—>science is tentative and involves judgment
and arguments...

Sunscreens (Q9)

Dean placed a drop of each substance inside a circle marked on one sheet of plastic,
then put the second plastic sheet over the top. He placed a large book on top of both
sheets and pressed down.

FRR S B SR
O O 0 o000
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Mimi then put the plastic sheets on top of the sheet of light-sensitive paper. Light-
- sensitive paper changes from dark grey to white (or very light grey), depending on
how long it is exposed to sunlight. Finally, Dean placed the sheets in a sunny place.

plastic
. "_A/’:;sheets
PN 7N 7N
UL S W light-sensitive
e~ || [ paper
SRR
! %

31

Identifying scientific issues

7
A ‘«2 Sunscreen (Q9

-é@-l"‘__
Which one of these statements is a scientific
description of the role of the mineral oil and the
zinc oxide in comparing the effectiveness of the
sunscreens?

A. Mineral oil and zinc oxide are both factors being
tested.  15.7%

B. Mineral oil is a factor being tested and zinc oxide is
a reference substance. 16.7%

C. Mineral oil is a reference substance and zinc oxide
is a factor being tested. 19.9%

D. Mineral oil and zinc oxide are both reference
substances. 469

Knowledge about science

32

19/12/2013

16



19/12/2013

Sunscreen (Q9)

% Correct

Hong Kong
OECD
F.4 FA-F3 Girls Boys Overall
1520 352 | 485 433 460 404 |

33

‘Concept of controlled experiment

Experimental
Independent variable (Iv) — results

to be tested Effects of IV

Z

Control
IV absent, everything else
being the “same”

— results

IV = factor to be tested

Control = reference

17



19/12/2013

Negative control — mineral that
Is transparent

/
0 9 Q

S2

Q O O

ZnO\ S3 S4

Positive control — ZnO that
blocks all sunlight

35

Our performances
In
PISA 2012
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Mean Performance in scientific literacy o! par!lmpaflﬁr’

countries/regions in PISA 2012

Country/Region Mean S.E. Significance
Shanghai-China 580 (3.0) A
Hong Kong-China 555 (2.6) =
Singapore 551 (1.5) O
Japan 547 (3.6) O
Finland 545 (2.2) v
Estonia 541 (1.9) v
Korea 538 (3.7) v
Vietnam 528 (4.3) v
Poland 526 (3.1) v
Canada 525 1.9) v
Liechtenstein 525 (3.5) v
Germany 524 (3.0) v
Chinese Taipei 523 (2.3) v

Ranks and Mean SW

Ranking Countries in the Five Cycles of PISA

Japan 4 (547)
Finland 5 (545)
Estonia 6 (541)

Korea 7 (538)
Vietnam 8 (528)
Poland 9 (526)

Canada 10 (525)
Chinese Taipei 13 (523)
Macao-China 17 (521)

Country/Region PISA 2012 PISA 2009 PISA 2006 PISA 2003 ZPOIOS(Q
Shanghai-China 1 (580) 1 (575) - - -
Hong Kong 2(555) 3(49) 2(542) 3(539) 3(541)
Singapore 3(551) 4 (542

5(539) 6(531) 2(548) 2 (550)
2(554) 1(563) 1(548) 4 (538)
9(528) 5 (531) - "

6(538) 11(522) 4(538) 1(552)

19 (508) 23 (498) 19 (498) 22 (483)
8(529) 3(534) 11(519) 6 (529)
12 (520) 4 (532) - :
18 (511) 17(511) 7 (525) n

19/12/2013
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PISA 2006 performance PISA 2006 performance
below OECD average above CECD average
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Comparison of Proportion of Students at Each Proficiency
evel between Hong Kong and OECD countries

Difference (%)

Proficiency Level Hong Kong (%) OECD (%) (HK - OECD)

6 1.8 1.2 0.7

5 14.9 7.2 7.6 ***

Levels 5 and 6 16.7 8.4

4 34.9 20.5 14.4 ***

3 29.8 28.8 1.0

2 13.0 24.5 Sl f5) ===
Levels 2 and above 94.4 82.2

i 44 13.0 -8.6 ***

Below 1 1.2 4.8 -3.6 ***

*** Difference is significant at the 0.001 level.

41

Top performers o
top performing countries in 2012

Country / Region __Level5 &6 Level 5 Level 6
% S.E. % S.E. % S.E. Rank

Shanghai-China 27.2 (1.3) 230 (1.1 4.2 (0.6) 1
Singapore 22.7 (0.8) 169 (0.9 5.8 (0.4) 3
Japan 18.2 (12) 148 (09 34 (0.5) 4
Finland 17.1 0.7y 139 (0.6) 3.2 (0.4) 5
Hong Kong-China  16.7 (1.00 149 (0.9 1.8 (0.4) 2
Australia 13.6 (0.5) 109 (05 26 (0.3) 16
New Zealand 13.4 0.7y 107 (0.6) 2.7 (0.3) 18
Estonia 12.8 0.7y 111 (0.7) 1.7 (0.3)

Korea 11.7 (1.1) 106 (0.9 1.1 (0.4)

As compared to other top performing countries, Hong Kong
has less proportion of top performing students.

19/12/2013
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Trends of scientific literacy performance

PISA 2006, 2009 and 2012 share the same science
assessment framework

A brief trend could be shown by comparing the
performance in 2012 with that in 2009 and in 2006.

When comparing the performance on the common
items, Hong Kong students have seen a continued
Improvement of performance over the three cycles of
assessment. This continued improvement has kept
Hong Kong top in PISA.

Low achievers improved significantly from 2006 to
2012.

Percentile PISA 2012 PISA 2006 Difference in Scores
I score | SE_| seore | sE__| GORE00)
5 403 | (71 | 380 | (62 23 . E
10 446 | (51 | 418 | (6.1) 28 i
25 505 3.8) | 482 (3.6) 23 woex ]
| % [ 52 [ o[ s [eg | 13 | = |
75 613 | (30) | 609 | (2.8) 4
90 655 | (34) | 655 | (35) 0
95 679 | (34) | 682 | @31 2

43
How the percentile scores changed from 2006 to
2012

5t to 50t percentiles improved significantly from 2006 to 2012.

19/12/2013

22



19/12/2013

Comparison of percentile scores'betwee 0 ! -E ave
scientific literacy at different percentiles (PISA 2006 - PISA 2012)

itle )\//\/

650 improvement

600 1

larger ]
improvement

550
—o—PISA 2012
—=—PISA 2009
3 PISA 2006

—»—OECD Average (2012)
—%—OECD Average (2009)
—e—OECD Average (2006)

HK

Q4028 89UpI10S
z R

@D

= 0
a8 O
@D

400 ‘/
350 7

300

(0] 10 20 30 40 50 60 70 80 920 100

percentile

roportion of Hong Kong stude

7in PISA 2006, PISA 2009 and PISA 2012
Proficiency PISA PISA PISA Difference
e 2012 2009 2006
(%) (%) (%) (2012-2009) (2012 - 2006)
6 1.8 2.0 21 02 -0.3
5 14.9 14.2 139 07 1.0
4 34.9 32.7 207 22 5.2 xx
3 29.8 29.4 287 05 1%
2 13.0 15.1 169 21 * -39  kkx
1 4.4 5.2 7.0 -0.8 2.6 #*
Below 1 1.2 1.4 1.7 ma02 -0.5
The improved performance of HK mainly comes from the
the average and below average students
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Comparison of Proportion of Students at Level 5 and
ol Hong Kong and Other Countries/Regions across different cycles
PISA 2006 PISA 2009 PISA 2012
Country/Regio  Level 5 & 6 Diff. Level 5 & 6 Diff. Level 5 & 6
n - (012~ (o12 —_  ___
% S.E. -2006) % S.E. -2009) % S.E.
Shanghai . - - 243 (1.2) 29 272 (1.3)
Singapore - - - - 199 (0.6) 28 * 22.7 (0.8)
Japan 151 (0.8) 3.2 169 (09) 1.3 182 (1.2
Finland 209 (0.8) -39 ** 18.7 (0.9) -1.6 171 (0.7)
Hong Kong 159 (0.9) 0.8 162 (1.0) 0.5 16.7 (1.0)
Australia 146 (07) -11 145 (0.8) -1.0 136 (0.5
New Zealand 176  (0.8) -4.2 ** 176 (0.8) -43 *** 134 (0.7)
Estonia 115 (0.8) 1.3 104 (08) 24 * 128 (0.7)
Korea 103 (1.1) 14 11.6 (11) 0.1 11.7  (1.1)
Improvement in top performers is also possible in some top
performing countries.
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Comparision of the percentage of correct answer between Hong Kong and OECD
average in different competencies of scientific literacy

1. Explaining Phenomena
Scientifically

2. Tdentifying Scientific Tssues

3. Using Scientific Evidence

Percentage Correct

BHongKong WOECD Average

24



Using scientific evidence

|Identifying scientific issuesl

Explaining phenomena
scientifically

Performance in different compete
over the 3 cycles

BOECD ave
mHKG

49

t t
+1) 10.0

t t t
200 300 400

t t
50.0 60.0

700 80.0

Performance o

competencies in the 3 cycle

PISA 2012 PISA 2009 PISA 2006
Types of Hong | OECD | Hong | OECD | Hong | OECD
knowledge Kong Avg. Kong Avg. Kong Avg.
(%) (%) (%) (%) (%) (%)
AT 64.7 54.8 63.2 54.5 59.9 52.1
science
0 L 61.9 55.8 61.1 55.9 55.6 51.4
apeteIet e _ |l ___l____J__T¢.
| Living systems _ _ | 599 _| 464 | 587 _|_ 459 _| 559 _ | _465_.
Physical systems 69.5 60.2 68.6 59.9 66.0 57.5
Technology systems | 73,2 63.7 68.8 63.2 65.9 59.7
(Suwla e el 64.9 53.2 62.8 53.1 57.7 50.2
science
Scientific enquiry 64.2 53.1 62.1 53.1 57.0 51.9
Ao 65.6 53.3 63.5 53.1 58.4 481
explanations

19/12/2013
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Any Gender differences ?

No significant difference in overall
scores between boys and girls.

51

Boys Differences
B Score SE Score SE (Girls -
.E. .E. Boys)
5th 409 8.7) 398 (8.5) 11
10th 448 (5.8) 442 (6.8) 5
2o 505 4.8) 505 4.9) -1
50th 558 (3-4) 567 “4.1) -9
75th 605 (3.4) 619 (3.9) -13 *
90th 647 4.4) 662 4.5) -14 *
95th 669 4.7) 688 (5.3) -19 **
Whole
Population 551 (3.1) 558 (3.6) -7
*Score difference s significant at the 0.05 level. 52

19/12/2013
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o Levell Level2 @ Level3 Level4 Level 5 el
Level 1 6
% S.E. % S.E. % S.E. % S.E. % S.E. % SE. % S.E.

Boys 13 03 47 0.7 129 09 276 15 346 15 164 1.2 25 0.6

Girls 11 04 4.0 0.6 132 11 325 15 353 1.3 131 1.2 1.0 0.3

Among the top performers, there are more
boys than girls.

Boys Girls Difference
Competency % % (Boys -
Correct =l Correct S5 Girls)

L Explaining phenomena o\ 0 0507 6130 (0732 34%

scientifically

Zaldentifyingscientific 65.0%  (0.804) 66.0% (0.794) -1.0%
1ssues

Sublsing-scicntific 644%  (0.838) 63.3% (0.910) 1.1%
evidence

Knowledge of science

Earth and space systems 64.6%  (0.988) 57.6% (0.970) 7.0%

Living systems 60.0%  (1.049) 59.4% (0.932) 0.5%
Physical systems 73.0%  (1.019) 67.6% (0.925) 5.4%
Technology systems 72.3%  (1.032) 73.5% (1.048) -1.2%

*%

k%

k%

54

** Difference is significant at 0.01 level.

19/12/2013
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Why are boys better in some areas?

» Some items may have contexts that are more
related to the life experiences and interests of
boys e.g. dinosaurs, fossils, energy sources
and burning

» Some items call upon abilities for map
reading and quantitative reasoning

*Teaching and learning process in classroom
may favour boys.

“-‘,

Findings and “Implications”

1. Hong Kong shows consistently top performance
since 2000, with steady improvement since 2006.

2. Our education system can take care of students
across all ability levels.

Hong Kong still has room for developing the
potential of high ability students.

4. Students showed equally well performances in the
three competencies, reflecting that our science
education can achieve a good balance between
scientific knowledge, scientific inquiry and nature
of science.

“-‘,

But, when compared with some other top countries,

19/12/2013
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Findings and “Implications

5. Significant gender gaps in favour of boys at
75, 90 and 95 percentiles in PISA 2012,
which were largely absent in PISA 2009 and
2006.

Teachers should be sensitive about the
gender differences in their teaching and
assessment, such as languages, contexts,
spatial and quantitative reasoning.

|

Some reflections of our
performance

29



o New senior secondary system?

0% DSE S4 students in PISA 2012

 Effects of the new science curricula in
DSE?

 Effects of less students taking all three
science subjects? (~40% > ~5%)

» Effects of more students taking at least
one science subject? (~40% 2> ~50%)

|

* No correlations can be seen between
PISA performances and curriculum
reforms in HK.

e But the curriculum reforms at least
have not affected our good
performance!

19/12/2013
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Explain Identify Use
phenomena | scientific | scientific
scientifically |issues evidence
Students are given +++ + ++
opportunities to explain their
ideas
Student_s are asked to draw + ++
conclusions from an
experiment they have
conducted
The teacher explains how a ++

science idea can be applied to
a number of different
phenomena

Students are allowed to design

- for overall scores

their own experiments + for interest in science ot
L ]
Possible Impact-
[ ] [ ]
Self-concept in Science
Self-concept in Science

==
g@ﬁﬁ.ﬂ@
i

_D_:ni;ﬁl.:é ;HONG KONG

=S =1 |
-1.00 0.80 -0.60 040 -0.20 0.00 020 040 0.60 6%.30
Self Lad

19/12/2013
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Self concept in science

| can usually give good answers to test
guestions on school science topics. 38 (65)

Learning advanced school science topics
would be easy for me. 35 (47)

School science topics are easy for me. 37(47)
| learn school science topics quickly. 4g (s6)

| can easily understand new ideas in
school science. 52 (55)

“-‘,

WHEHED © 75 !

'J‘ J\ _T;‘f" ﬁ%""ﬁ{‘\ Hf |

19/12/2013

32



A matter of balance

academic

achievements
interest, eyl

-
self-concept <

65

IS It pssible.

i

- academic

* interest, .
 self-concept

achievements

19/12/2013
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A matter of values

academic

achievements
interest, eyl

-
self-concept <

67

are having the best 15-year-olds

Are we going to have the best 25-year-olds?

Are we going to have the best 35-year-olds?

Are we going to have “Einstein” made in HK?

LE

19/12/2013
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69

Thank you!

35



