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Identifying the issue
◦ Chinese students and mathematical problem 

solving
The Actiotope model of giftedness
◦ Which aspects of the model can be applied to the 

issue
Applying the model to the situation
Implications of this approach



Chinese students achieve at consistently high 
levels in school mathematics
◦ International studies e.g., PISA, TIMSS

Across all grade levels
Apparently in different cultural settings 
◦ Australian NAPLAN results

Why do Chinese students appear to be 
“gifted” in mathematics?



Performances of Grade 4 students from Asian Countries on TIMSS Mathematics Assessments 
Country 1995 2003 2007 

International average 529 495 500 
Australia 546 499 516 

USA 518 518 529 
Japan 597 565 568 

Hong Kong China 587 575 607 
Chinese Taipei  564 576 

 



Performances of 15-year-old Students from Asian Countries on PISA Mathematical Literacy 
Assessments 

Country 2003 2006 2009 
OECD (overall) 500 497 499 

Australia 524 520 514 
USA 483 474 487 
Japan 534 523 529 
Korea 542 547 546 

Hong Kong China 550 547 555 
Macau China 527 525 525 

Chinese Taipei  549 543 
Shanghai China   600 

 



PISA 2003 (and also in 2012) included a scale 
of cross-curricular problem solving
Non-routine problems requiring a mix of 
mathematics content and techniques
Problem was located in social settings



This problem is about finding a suitable time and 
date to go to the cinema.
Isaac, a 15-year-old, wants to organize a cinema 
outing with two of his friends, who are of the same 
age, during the one-week school vacation. The 
vacation begins on Saturday, March 24th and ends 
on Sunday, April 1st.
Isaac asks his friends for suitable dates and times 
for the outing. The following information is what he 
received.
Fred: “I have to stay home on Monday and 
Wednesday afternoons for music practice between 
2:30 and 3:30”
Stanley: “I have to visit grandmother on Sundays, 
so it can’t be Sundays. I have seen Pokamin and 
don’t want to see it again.”
Isaac’s parents insist that he only goes to movies 
suitable for his age and does not walk home. They 
will pick up the boys home at any time up to 10 p.m.
Isaac checks the movie times for the vacation week. 
Above is the information that he finds.

Q1. Taking into account the information Isaac 
found on the movies, and the information he 
got from his friends, which of the six movies 
should Isaac and the boys consider watching?
Circle “Yes” or “No” for each movie.

Q2.  If the three boys decided on going to 
“Children in the Net”, which of the 
following dates is suitable for them?

A Monday, March 26th 
B Wednesday, March 28th 
C Friday, March 30th 
D Saturday, March 31st 
E Sunday, April1st 





Cai (2002) Open and closed mathematics 
problems
◦ Chinese students scored higher on closed problems 

whereas US students scored higher on open problems
Cai & Hwang (2002)
◦ Chinese students posed more abstract problems 

whereas US students posed more concrete problems
Callingham (2008)
◦ Mental computation recall questions (e.g., 9x8) easier 

for HK Chinese students; strategy questions (e.g., 49x7) 
easier for Australian students;

◦ Chinese students better at abstract generalisation; 
Australian students better at explaining strategies.





Need to identify actions and goals that can be 
attributed to being part of a group
Identify characteristics of the environment 
within which the group operates
Changes at group level
Domain in this instance is School 
Mathematics



Language
◦ Focus on relationships rather than categories 

(Nisbett, 2003)

◦ Chinese number words shorter and more logical 
(Dehaene, 1997)

◦ Chinese language supports mathematical ideas 
(L. Ma, 1999)

e.g., jie yi dang shi (借一当十) (to borrow 1 unit from 
the tens and regard it as 10 ones) vs “decomposition”



Culture and the Confucian tradition
◦ Teachers should guide and students participate 

(ICME 11, Chinese Delegation, 2008)

◦ Diligence and hard work is the cause of success 
(ICME 11, Chinese Delegation, 2008)

◦ Success of Chinese students attributed to Confucian 
tradition (Leung, 2005; Li, 2004)



Cognitive processes
◦ Western thought derived from Greek traditions and 

based on formal logic 

◦ Chinese thought developed from experience and 
more holistic in nature (Nisbett, 2003)

◦ Chinese thought more likely to take account of 
relationships which may benefit mathematical 
reasoning and thinking 



Attitudes towards mathematics (ATM) and 
Achievement in Mathematics (AIM) (X. Ma & Kishor, 1997)

◦ Relationship stronger in Chinese students than 
Western students

PISA 2003 Self Concept in mathematics
◦ HK had the lowest self-concept internationally 

despite very high performance
◦ Within country measures, however, did show the 

expected relationship
HK students who performed well had higher self-
concept



Mathematics anxiety (Sun, 2009)

◦ Chinese kindergarten students became increasingly 
anxious about mathematics the more they learned 
whereas UK students were positive about 
mathematics up to about grade 3

HK students surprisingly negative about 
school (PISA)
◦ Over 50% indicated that school had done little to 

prepare them for adult life whereas only 25% of 
Australian students thought this

Attitudes such as these likely to impact on 
actions



Memory
◦ Chinese belief that memorisation leads to better 

learning e.g., multiplication facts
◦ Not just rote learning but memorisation that 

focuses in the mathematical relationships
◦ Chinese written language – memorisation of 

characters
Practice and diligence
◦ HK students expect more out-of-classroom work 

than do western students (Wardlaw, 2006)

◦ Practice is a carefully structured experience in 
Chinese classrooms (ICME 11, Chinese Delegation, 2008)



Creativity in mathematics
◦ Less well developed in Chinese students where 

problem solving addressed through making 
connections between existing knowledge and skills 
and new problem situation (Binyan, Qiping, Ping & Hongyu, 2008)

◦ Encouraged in Australia and other western 
countries e.g., hypothetical student dilemma about 
area/perimeter, Chinese teachers would move to 
develop the conventional understanding whereas US 
teachers encouraged the unconventional thinking 
(L. Ma, 1999)



Different goals between performance oriented 
and mastery oriented students
◦ In HK, intrinsic motivation associated with mastery 

learning as expected

◦ In HK, intrinsic motivation ALSO associated with 
performance orientation – unexpected (Lai, Chan & Wong, 2006)

◦ Confucian tradition e.g., 熟能生巧 supports mastery



Mathematics Classroom
◦ Chinese teachers have a deeper grasp of relevant 

mathematics (Leung, 2005b; L. Ma, 1999)

◦ More time spent on mathematics (Lam, 2002)

◦ Less time spent on open problems (although this is 
changing) (ICME 11 Chinese Delegation, 2008)

Parental expectations
◦ Scores on mathematics significantly related to parents’

expected scores (S. Phillipson & S.N. Phillipson, 2007) 

◦ Interaction between SES and subject i.e., not 
straightforward (S. Phillipson, 2006)

◦ No difference in Chinese and US students perceptions of 
their parents’ mathematics anxiety and attitudes towards 
maths (He, 2007)



There are characteristics of Chinese students 
that are unique and invariant across cultural 
settings
Many identified differences between Chinese 
and Western students
◦ Have an impact on Actions and Goals
Environmental factors also play a part in 
performance but are not the only determinant
Actiotope model is useful in bringing 
together the disparate threads 
◦ Potential for further research



Australian Curriculum Assessment and Reporting Authority (ACARA) (2010). National assessment program -
literacy and numeracy. Achievement in reading, writing, language conventions and numeracy 2009. Melbourne: 
MCEEDYA. Retrieved from http://www.naplan.edu.au/verve/_resources/NAPLAN_2009_National_Report.pdf
Binyan, X., Qiping, K., Ping, Y. & Hongyu, S. (2008). Chinese mathematics teaching in classroom. In Mathematics 
Education in China: Tradition and Reality pp. 51-72. Beijing: ICME-11 Chinese Delegation
Bloom, A. (2008). Attitudes to maths fixed by the age of 9. Times Educational Supplement. Retrieved from  
http://www.tes.co.uk/article.aspx?storycode=6006036
Cai, J. & Hwang, S. (2002). Generalized and generative thinking in US and Chinese students’ mathematical 
problem solving and problem posing. Journal of Mathematical Behavior 21, 401–421.
Cai, J. (2000). Mathematical thinking involved in US and Chinese students’ solving process-constrained and 
process-open problems. Mathematical Thinking and Learning, 2, 309–340.
Callingham, R. (2008). Perspectives gained from different assessment tasks on Chinese and Australian school 
students learning mathematics. Evaluation & Research in Education 21(3), 175-187.
Choi, I. & Nisbett, R. E. (2000). The cultural psychology of surprise: Holistic theories and recognition of 
contradiction. Journal of Personality and Social Psychology 79, 890-905.
Dehaene, S. (1997), The number sense: How the mind creates mathematics. New York: Oxford University Press.
Dweck, C. S. (2000). Self theories: Their role in motivation, personality and development. Philadelphia, PA: Taylor 
and Francis. 
He, Huihua (2007). Adolescents’ perception of parental and peer mathematics anxiety and attitude toward 
mathematics: A comparative study of European-American and Mainland-Chinese students. Doctor of Philosophy 
Dissertation, Washington State University. Retrieved from 
http://www.dissertations.wsu.edu/Dissertations/Spring2007/h_he_042407.pdf
Ho, Sui-Chu, E. (2005). Second HKPISA report. Hong Kong: HKPISA Centre, Chinese University of Hong Kong.
ICME-11 Chinese Delegation (2008). Mathematics education in China: Tradition and reality. Beijing: Author. 
Lai, P. Y., Chan, K. W., & Wong, K. Y. (2006). A study of intrinsic motivation, achievement goals and study 
strategies of Hong Kong Chinese secondary students. In P. Jeffery (Ed.) Proceedings of the AARE annual 
conference, Adelaide, 2006. Retrieved from http://www.aare.edu.au/06pap/lai06321.pdf



Lam, L., (2002). Mathematics education reform in Hong Kong. Proceedings of the International Conference on 
the Humanistic Renaissance in Mathematics Education (pp. 204-208)
Leung, K. S. F. (2005a, August). In the books there are golden houses: Mathematics assessment in East Asia.
Plenary address to the ICMI 3rd East Asian Regional Conference on Mathematics Education, Shanghai. 
Leung, K. S. F. (2005b). Some characteristics of East Asian classrooms based on data from the 1999 TIMSS video 
study. Educational Studies in Mathematics, 60, 199-215. 
Li, J. (2004). Chap 5. A Chinese cultural model of learning. In L. Fan, N-Y, Wong, J. Cai, & S. Li (Eds.) How 
Chinese learn mathematics: Perspectives from insiders (pp. 124-156). Singapore: World Scientific Publishing. 
Ma, L. (1999). Knowing and teaching elementary mathematics. Teachers’ understanding of fundamental 
mathematics in China and the United States. Mahwah, NJ: Lawrence Erlbaum. 
Ma, X. & Kishor, N. (1997). Assessing the relationship between attitude toward mathematics and achievement in 
mathematics: A meta-analyses. Journal for Research in Mathematics Education, 28 (1), 26-47.
Nisbett, R.E. (2003). The geography of thought. How Asians and Westerners think differently – and why. Nicholas 
Brearley Publishing.
Organisation for Economic Cooperation and Development (OECD) (2004a). Learning for tomorrow’s world. First 
results from PISA 2003. Paris: Author. 
Organisation for Economic Cooperation and Development (OECD) (2004b). Problem solving for tomorrow’s world. 
First measures of cross-curricular competencies from PISA 2003. Paris: Author.
Phillipson, S. (2006). Cultural variability in parent and child achievement attributions: A study from Hong Kong. 
Educational Psychology, 26(5), 625-642.
Phillipson, S. & Phillipson, S.N. (2007). Academic expectation, belief of ability and involvement by parents as 
predictors of child achievement: A cross-cultural comparison. Educational Psychology, 27(3), 329-348. 
Phillipson, S. N., & Callingham, R. (2009). Understanding mathematical giftedness: Integrating self, action 
repertoires and the environment. In L. V. Shavinina (Ed.) The international handbook on giftedness (Ch. 33, pp 
671-698). Dordrecht: Springer Science and Business Media.
Wardlaw, C. (2006, Sept.). Mathematics in HK/China. Improving on being first in PISA. Address to the 50th 
Anniversary Meeting of the Australian Mathematical Society, Sydney.
Ziegler, A. (2005). The Actiotope Model of Giftedness. In R. J. Sternberg & J. Davidson (Ed.), Conceptions of 
Giftedness (2 ed., pp. 411–436). New York: Cambridge University Press.




