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FOREWORD

The OECD (Organisation for Economic Co-operation and Development) Programme for
International Student Assessment (PISA) has been providing Hong Kong with valuable
information to enable examination of the quality and equality of our education system from an
international perspective since the first cycle of PISA. In PISA 2012, we attempt to address the
extent to which our students have acquired the basic competencies essential for meeting the
challenges of the twenty-first century. The 21st century education includes not only the knowledge
of mathematics, science and reading, but also the digital literacy skills, that is, the application of
knowledge to understand and solve real-world problems in a digital world.

Premised on the findings in the previous four HKPISA Reports of PISA 2000+, PISA 2003, PISA
2006 and PISA 2009, this report will provide insights for how we can change the curriculum,
pedagogy, assessment, use of information and communication technology to better prepare
students to be productive and responsive citizens in a global society and economy in the 21st
century. It is hoped that it can provide: (i) researchers with the opportunity for examining the
current state of affairs in our education system and the outcome of education reforms over time; (ii)
policy makers with the information needed for formulating policies that are responsive to students’
needs and the global development; and (iii) teachers and parents with a broader view of their
children’s learning beyond the local context. With the vision of a better future for all children
regardless of their social background, we hope that stakeholders can find in this report, a clear
“rationale” and robust “evidence” supportive of their decisions and actions.

The success of this project is due to the contribution of stakeholders from various sectors of the
education community and I would like to thank all the students, parents, teachers and principals
participating in this project. The data in this survey would not be available without their generous
cooperation. I would also like to thank the Education Bureau of the Hong Kong Special
Administrative Region Government for commissioning us to conduct the PISA 2012 project.
Thanks are also due to the principals and teachers in the Advisory Committee, Mr. Tak-wah Fung,
Ms. Suk-han Poon, Mr. Kai-lok Tso and Ms. Kwan-yuk Tsui, for their valuable advice given and
time committed. Among the working team, I am grateful to our project advisors, Professor
Douglas Willms and Professor Leslie Lo, and the project leader, Professor Yue-ping Chung,
Professor Wing-kwong Tsang and Professor Hin-wah Wong, for their insight and invaluable
guidance. I would also like to thank my colleagues in the research team who committed their time
and expertise in the front line tasks of researching and reporting. Thanks are also due to the Centre
staff, Wai Leung, Terence, Thomas, Eric, Kwok Wing and Grace. Without their sustained assistance,
the project would not be a success.
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Director
HKPISA Centre
HKIER, CUHK

June 2014



COMPUTER-BASED ASSESSMENT IN PISA 2012

1. The Programme for International Student Assessment (PISA) is a project initiated and
coordinated by the Organisation for Economic Co-operation and Development (OECD).
Since 2009, PISA has introduced the use of the computer in the conduct of assessment.
Computer-based Assessment (CBA) not only enables interactivity between students
and test items which cannot be achieved in a paper-based test, but also offers an
opportunity to examine the role of information and communication technology (ICT)
in students’ learning.

2. CBA is offered as an option to supplement the paper-based test in PISA. Mathematics
and problem solving were assessed by CBA for the first time, and digital reading for
the second time in PISA 2012.

3. In PISA 2012, about 85,000 students from 44 countries/regions took part in a CBA of
problem solving. Thirty-two of these countries/regions including Hong Kong also
participated in the assessment of digital reading and CBA mathematics. The total
assessment time for CBA was 40 minutes.

Table1 Countries/Regions Participating in CBA Problem Solving in PISA 2012

OECD Countries Partner (Non-OECD) Countries / Regions
Australia Germany Portugal Brazil Serbia

Austria Hungary Slovak Republic ~ Bulgaria Shanghai-China
Belgium Ireland Slovenia Colombia Singapore

Canada Israel Spain Croatia Chinese Taipei

Chile Italy Sweden Cyprus United Arab Emirates
Czech Republic Japan Turkey Hong Kong-China  Uruguay

Denmark Korea United Kingdom Macao-China

Estonia Netherlands United States Malaysia

Finland Norway Montenegro

France Poland Russian Federation

4. In common with the paper-based test, PISA develops a framework which describes the
scope and dimensions of CBA. The CBA problem solving framework has three
dimensions, namely the nature of problem situation, the problem solving process, and
the context in which the problem situation may occur. The CBA mathematics and
digital reading frameworks are identical to those for paper-based mathematics and
reading, which cover three dimensions, namely the knowledge that students should
acquire, the processes that need to be performed, and the situation in which knowledge
and skills are applied or drawn on. In addition to the assessment, the 44
countries/regions participating in CBA problem solving administered a student
questionnaire on ICT familiarity. This could provide a wealth of comparative data to
shed light on the educational consequences of students” use of ICT at home and in
school.



5. Two-stage stratified sampling and sub-sampling design were used. In the first stage,
schools were stratified based on the type of school (government, aided and
independent - international and those under Direct Subsidy Scheme) and student
academic intake! (high, medium and low ability). Schools from each stratum were
systematically sampled with probabilities proportional to their enrolment size. The
resulting school participation rate is 94.9% which meets the OECD standard. The
distribution of participating schools is shown in Table 2.

Table 2 Number of Schools Participating in CBA in PISA 2012 in Hong Kong

Explicit Strata Implicit Strata TOtalslc\l:)le er of Par ticlf;al?i]rgl;rsofhools
Government High Ability 15 6
Medium Ability 8 2
Low Ability 7 2
N/A 1 0
Aided High Ability 120 46
Medium Ability 117 40
Low Ability 126 33
N/A 1 0
Independent* Local (DSS*) 55 16
International 32 3
Total 482 148

#There is no implicit stratification for independent schools.

*DSS refers to schools under the Direct Subsidy Scheme.

6. In the second stage, 35 students of age 15 were randomly selected from each sample
school for the paper-based test. Twenty of the 35 students participating in the
paper-based test were also sub-sampled to take the CBA. A total of 2,714 students
finally sat for the CBA, whose grade distribution is shown in Table 3.

Table 3 Distribution of Students Participating in CBA in PISA 2012 in Hong Kong

Grade/Form Number of Participating Students Proportion (%)
7/51 27 1.0
8/S2 174 6.4
9/S3 720 26.5
10/54 1779 65.5
11/S5 14 0.5

Total 2714 100.0*

*The minor discrepancy in the percentage total is due to rounding of numbers.

1 Student intake denotes the ability of Secondary 1 students admitted by school.



MAJOR FINDINGS

Quality and Equality

7. The findings from the Computer-based Assessment (CBA) in PISA 2012 provide
valuable information regarding the quality and equality of Hong Kong’'s education
system in the digital world. Quality refers to the effectiveness of the education system
in developing students’ literacy and ICT skills, while equality refers to the benefit from
education received by all students regardless of their socio-economic background.

8. In terms of overall quality, Hong Kong students perform well in CBA problem solving,
CBA mathematics and digital reading. In PISA 2012, Hong Kong ranks fourth in CBA
problem solving, fourth in CBA mathematics, and third in digital reading. Hong
Kong’s mean performances are significantly above the OECD averages.? Taking
statistical significance into account, Hong Kong’s CBA problem solving score of 540 is
only significantly lower than those of Singapore (first: 562), Korea (second: 561) and
Japan (third: 552), but is not significantly different from those of Macao-China,
Shanghai-China and Chinese Taipei. In CBA mathematics, Hong Kong achieves a
mean score of 550; Singapore (first: 566) and Shanghai-China (second: 562) perform
significantly better than Hong Kong, but there is no statistical difference between Hong
Kong, Korea and Macao-China. In digital reading, Hong Kong gets a mean score of 550,
which is only significantly lower than Singapore (first: 567), but not significantly
different from Korea and Japan (see Appendix I).

9. As for the equality in Hong Kong’'s education system, in PISA 2012, the differences
between high (95th percentile) and low (5th percentile) achievers in CBA problem
solving (304) and CBA mathematics (286) are smaller than the OECD averages (314 and
291 respectively), while that between high and low achievers in digital reading (309) is
slightly greater than the OECD average (307). This suggests that Hong Kong students
benefit fairly equally from the quality education in Hong Kong, regardless of their
ability. Furthermore, economic, social and cultural status (ESCS) has a relatively small
impact on the digital performance of Hong Kong students. The impact of
socio-economic background on digital performance is measured by the percentage of
variance in performance which is explained by ESCS. For Hong Kong, this is 4.9%,
which is less than the OECD average of 10.6%. This means that family socio-economic
and cultural status generally plays a less important role in students” performance. In
other words, Hong Kong students perform equally well regardless of the impact of
their socio-economic background. Hong Kong’'s 15-year-olds score higher than
students of similar socio-economic background from many other countries/regions
(see Appendix II).

2 In PISA 2012, the OECD averages are 500 in CBA problem solving, 497 in CBA mathematics, and 497 in
digital reading, with standard deviations of 100.



10.

The percentage of variation in CBA problem solving performance between schools in
Hong Kong is 36.1%, which is lower than the OECD average of 38.3%. Apart from the
between-school variance, other measures of equality of educational outcome are the
academic and social inclusion indices’. Hong Kong has a slightly higher index of
academic inclusion (63.8%) and a lower index of social inclusion (67.7%) than the
OECD averages (61.9% and 75.7% respectively).

Student Achievement in CBA Problem Solving

11.

12.

13.

In CBA problem solving, Hong Kong students score significantly higher than their
OECD counterparts at all percentile points. In terms of the proficiency scale, the
percentage of Hong Kong students attaining Level 5 or above (19.3%) is higher than
that of the OECD countries (11.4%). At the other end of the scale, 3.3% of Hong Kong
students are not able to reach Level 1, which is less than the OECD average of 8.2%.

On all the sub-scales of CBA problem solving, Hong Kong students perform
consistently better than their OECD counterparts. On the two sub-scales on the nature
of the problem, Hong Kong students” performance is similar to expected on both static
and interactive problems when compared with the OECD average.* Among the four
process sub-scales, which are, exploring and understanding, representing and formulating,
planning and executing, and monitoring and reflecting, they have a stronger-than-expected
performance on the exploring and understanding sub-scale but a weaker-than-expected
performance on the planning and executing sub-scale. Among the four contexts of
problem, Hong Kong students have stronger-than-expected performance with items
set in technological setting, and similar to expected performance with items with social
focus and personal focus.

Regarding gender difference among Hong Kong students, boys significantly
outperform girls by 13 points. This gender gap is larger than the OECD average of 7.
Furthermore, the percentage of high achieving (Level 5 or above) boys (21.8%) is higher
than that of high achieving girls (16.4%) but this difference is only slightly higher than
the OECD average of 3.6%. At the lower end, the percentage of low achieving (below
Level 2) boys (9.8%) is lower than that of low achieving girls (11.2%). This difference is
contrary to the gender difference in OECD countries, that is, the percentage of low
achieving boys is 0.1% higher than that of low achieving girls.

3 The index of academic inclusion is measured by the variation in student performance between schools
divided by the total variation in student performance. The index of social inclusion is measured by the
between-school variation in the ESCS index of students divided by the total variation in ESCS index.

4 Expected performance refers to the likelihood of success in a subscale based on the success in all other
subscales in OECD countries. Countries/regions with stronger-(or weaker-) than-expected performances are
countries/regions whose students' relative likelihood of success in a subscale is significantly larger (smaller)
than the OECD average.



Student Achievement in CBA Mathematics

14.

15.

When compared with the OECD average, Hong Kong students outperform their OECD
counterparts at all percentile points. On the proficiency scale, the percentage of Hong
Kong students who attain Level 5 or above (25.4%) is much higher than the OECD
average (11.3%). At the lower end, 7.8% of Hong Kong students are below Level 2,
which is significantly lower than the OECD average of 20.0%.

Hong Kong shows a significant gender difference in CBA mathematics performance,
with boys outperforming girls by 17 points, which is greater than the OECD average of
12 points. The percentage of high achieving (Level 5 or above) boys (30.1%) is higher
than that of high achieving girls (19.8%). This gender difference is greater than both the
OECD average of 5.0% and the difference of any participating country/region. At the
lower end, there is no difference between the percentage of low achieving (below Level
2) boys and girls (7.8%). This is unlike the OECD countries which show a percentage of
low achieving girls (20.8%) somewhat greater than that of low achieving boys (19.1%).

Student Achievement in Digital Reading

16.

17.

In PISA 2012, for digital reading, Hong Kong students achieve a mean score of 550,
which is significantly higher than the 515 achieved in PISA 2009. The improvement is
due to a significant rise in the performance of students at all percentile points except
the very low achievers at the 5th percentile. The higher the percentile point, the greater
the improvement in digital reading performance a student has made.

Hong Kong girls perform significantly better than boys in digital reading, and the
19-point gender gap is smaller than the OECD average of 26 points. There are more
high achieving (Level 5 or above) girls (22.9%) than boys (19.5%) and this gender
difference is slightly higher than the OECD average of 2.7%. At the lower end of the
scale, there are more low achieving (below Level 2) boys (9.3%) than girls (5.5%). This
difference is lower than the OECD average of 8.2%.

Parental Involvement, Investment and Perception

18.

For parental involvement, parents” perception of school quality has consistently shown
the strongest positive association with students” performance in CBA problem solving,
CBA mathematics and digital reading. Regarding home-based involvement, social
communication between parents and students shows a significant positive association
with digital reading performance, while parents’ involvement related to mathematics
learning shows a significant negative association with CBA problem solving, CBA
mathematics and digital reading performances. In common with the findings in
paper-based tests, school-based involvement shows significant and negative
associations with students’” performance in CBA mathematics and digital reading.



19. Considering the four kinds of parental investment, IT resources show significant
positive effects on the CBA mathematics score, while cultural resources show
significant positive effects on the CBA problem solving score. However, educational
resources provided at home show a negative impact on CBA problem solving
performance.



IMPLICATIONS AND RECOMMENDATIONS

For Policy Makers

20. In PISA 2012, Hong Kong students are top performers in CBA problem solving, CBA
mathematics and digital reading. In common with the paper-based test, the CBA
results demonstrate that the Hong Kong education system is effective in developing
students” digital literacy without compromising on equality. Regarding academic and
social inclusiveness, the Hong Kong education system is slightly more academically
inclusive and less socially inclusive than the OECD counterparts in general. However,
it is much less inclusive, academically and socially, than some East Asian
countries/regions like Korea and Singapore. The current comprehensive schooling,
through reducing the student allocation bands from 5 to 3, may have helped reduce
academic segregation. However, the Direct Subsidy Scheme (DSS) policy might have
diverted wealthy families from the public school system, resulting in an increase in
social segregation between schools. Further analysis is needed to find out the reason
for the academic and social segregation between schools and possible measures to alter
it.

21. It is worth capitalising on parental practices that have a positive influence on student
learning. In common with the previous cycles, home-based social communication
works for enhancing students’” performance, but school-based involvement consistently
shows a negative association with students’ performance. Policymakers should be
aware that parental involvement is still an untapped resource, which is important for
the all-round development of adolescents. Also, the government should ensure that
sufficient educational, cultural and IT resources are available to all students.

22. Hong Kong boys outperform girls in CBA mathematics and CBA problem solving, and
girls outperform boys in digital reading. In comparison with the respective
paper-based tests, the gender differences are smaller in digital reading but larger in
CBA mathematics. This may imply that boys can recover their loss in reading
performance but girls may increase their loss in mathematics performance in a digital
context. Further studies may investigate how to fully exploit the advantage of digital
media to boys in cultivating their reading habits and how to help girls overcome their
difficulties in doing mathematics and solving problems in a digital context.

For Educators & Parents

23. PISA 2012 not only assesses students’” digital performance, but also examines their
attitudes towards problem solving. Results show that the level of perseverance of
Hong Kong students is higher than the OECD average, while their openness is far
below the OECD average. These two kinds of attitudes are found to be significantly
positively correlated with students” performance in CBA problem solving, CBA
mathematics and digital reading. Despite their satisfactory digital performance, there is
room for improvement in the attitudes towards problem solving among Hong Kong
students.



24. For the use of computer and ICT both at school and outside school, Hong Kong results
display relatively lower indices than the OECD countries. Interestingly, it is found that
students” use of a computer outside school, regardless of whether it is for schoolwork
or leisure, is positively associated with their performance in CBA problem solving,
CBA mathematics and digital reading, while their use of computer at school is
negatively associated with all CBA performances. This may be due to the fact that in
Hong Kong, the students who need to use a computer in school are the disadvantaged
students who cannot afford ICT facilities at home. Another possible reason is that due
to rapid developments in digital technology, there may be ICT activities at school,
which are not investigated by the PISA questionnaires, contributing to students’
performance.

25. Further studies are needed to investigate how some countries/regions have made
better use of ICT at school and how they design different ICT activities in class so that
the use of ICT and computers can be beneficial to all students in learning. While the
investment from the Government, schools and community in hardware in all schools is
regarded as a successful first step, stronger focus should be put on classroom
pedagogy to support curriculum innovation and improvement of using computers to
better effect. In particular, explicit research and development strategies are needed to
keep abreast of successful experience in other countries/ regions such as “Finnable
2020”5 and to evaluate the school contexts, learning environments and teaching
processes to examine the circumstances under which ICT activities can enhance
students’ learning, problem solving skills and overall competencies to promote their
autonomous learning in a digital world.

For Future Research

26. CBA in PISA 2012 provides useful information about students” digital performance
and various contextual factors. These factors include students’ immigrant status,
gender differences in digital outcomes, attitudes towards problem solving, and various
online activities. All these factors are worthy of further investigation, and the relative
contribution of different individual, familial and school factors should be explored in
future.

27. Notwithstanding Hong Kong students’ top digital performances, the finding
concerning students’ low level of openness to problem solving warrants further
investigation. Given that openness to problem solving is positively associated with
digital performances and is essential to one’s daily life, longitudinal study and action
research are recommended methods to identify ways to help students develop an open
attitude towards new and complex problems.

> For details, please refer to the website: http://www.finnable.fi/



28. The finding concerning the negative association of school-based involvement of
parents with digital performances is similar to that found from results of paper-based
tests, suggesting that this undesirable condition is persisting. Further research is
needed to learn how to transform the nature of home-school interaction and parental
participation, which has not improved to any great extent during the past ten years.



Appendix I Performance of 15-Year-Old Students in CBA Problem Solving, CBA Mathematics and

Digital Reading in PISA 2012

CBA Problem Solving CBA Mathematics Digital Reading

Countries / Regions Mean S.E. Countries / Regions Mean S.E. Countries / Regions Mean S.E.
Singapore 562 (1.2)  Singapore 566 (1.3)  Singapore 567 1.2)
Korea 561 4.3) Shanghai-China 562 (34) Korea 555 (3.6)
Japan 552 3.1) Korea 553 (4.5) Hong Kong-China 550 (3.6)
Macao-China 540 (1.0) Hong Kong-China 550 (34) Japan 545 (3.3)
Hong Kong-China 540 3.9) Macao-China 543 (1.1) Canada 532 (2.3)
Shanghai-China 536 (3.3)  Japan 539 (3.3) Shanghai-China 531 3.7)
Chinese Taipei 534 (2.9) Chinese Taipei 537 (2.8) Estonia 523 2.8)
Canada 526 (24) Canada 523 (22)  Australia 521 1.7)
Australia 523 (1.9) Estonia 516 (2.2) Ireland 520 (3.0)
Finland 523 (23)  Belgium 512 (25)  Chinese Taipei 519 (3.0)
United Kingdom 517 4.2) Germany 509 (3.3) Macao-China 515 0.9)
Estonia 515 (25)  France 508 (3.3)  United States 511 (4.5)
France 511 (34)  Australia 508 (1.6)  France 511 (3.6)
Netherlands 511 (44)  Austria 507 (3.5)  Italy 504 4.3)
Italy 510 (4.0) TItaly 499 (4.2)  Belgium 502 (2.6)
Czech Republic 509 (3.1) United States 498 (4.1) Norway 500 3.5)
Germany 509 (3.6) Norway 498 (2.8) Sweden 498 3.4)
United States 508 (3.9) Slovak Republic 497 (3.5) Denmark 495 2.9)
Belgium 508 (2.5) Denmark 496 (2.7) Germany 494 (4.0)
Austria 506 (8.6) | Ireland 493 (29)  Portugal 486 (4.4)
Norway 503 (8.3)  Sweden 490 (29)  Austria 480 (3.9)
Ireland 498 (3-2)  Russian Federation 489 (26)  Poland 477 (4.5)
Denmark 497 (29)  Poland 489 (4.0)  Slovak Republic 474 (3.5)
Portugal 494 (3.6) Portugal 489 (3.1) Slovenia 471 (1.3)
Sweden 491 (2.9) Slovenia 487 (1.2) Spain 466 3.9)
Russian Federation 489 (3.4) Spain 475 (3-2) Russian Federation 466 3.9)
Slovak Republic 483 (3.6)  Hungary 470 (3.9)  Israel 461 (6.1)
Poland 481 (44)  Israel 447 (5.6)  Chile 452 (3.6)
Spain 477 (4.1)  United Arab Emirates 434 (22)  Hungary 450 (4.4)
Slovenia 476 (1.5)  Chile 432 (3.3)  Brazil 436 4.9)
Serbia 473 (8.1)  Brazil 421 (4.7)  United Arab Emirates 407 (3.3)
Croatia 466 (39)  Colombia 397 (3.2)  Colombia 396 (4.0)
Hungary 459 4.0 OECD average 497 0.7) OECD average 497 (0.6)
Turkey 454 (4.0)
Israel 454 (5.5)
Chile 448 (3.7)
Cyprus 445 (1.4)
Brazil 428 4.7)
Malaysia 422 (3.5)
United Arab Emirates 411 (2.8)
Montenegro 407 (1.2)
Uruguay 403 (3.5)
Bulgaria 402 5.1)
Colombia 399 (3.5)

OECD average 500 0.7)

Note: Shaded area indicates scores significantly different from those of Hong Kong.
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Appendix II Relationship between CBA Problem Solving Performance and the Impact of
Socio-economic Background across Countries/Regions
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