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One salient characteristic of twin studies and the related behavioral genetics paradigm is the requirement
of a large sample size. Countries or regions that are large in size and highly populated are at an advantage
when implementing twin studies. However, given the fascinating and promising results obtained from twin
studies, many researchers based in smaller countries or regions may still want to conduct twin studies in
order to address local and theoretical issues. In this article, we have outlined the development of twin
studies in Hong Kong, one of the Special Administrative Regions of China. The historical development and
design of the two major twin studies of language and reading development implemented within Hong Kong
are discussed, providing insights to researchers who also aspire to conduct twin studies in small regions.
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The Unique Linguistic Background in
Hong Kong
Hong Kong is a small Special Administrative Region of
China with a population size of over 7 million. Among the
population, over 90% are Han Chinese who speak Can-
tonese as their mother tongue. Due to the history of British
colonization, English is a compulsory language in the Hong
Kong education system and one of the two official lan-
guages besides Chinese. Even though Cantonese is the di-
alect spoken by the majority of Hong Kong people, Pu-
tonghua (also known as Mandarin) has gained increasing
importance as it is the official spoken language of mainland
China. Since 1998, Putonghua has been a compulsory sub-
ject in primary and secondary schools in Hong Kong, with
some schools using Putonghua as a medium of instruction.
According to a large-scale survey conducted on 32.7% of all
primary schools in Hong Kong, 90% of the school principals
claimed that their graduates achieved at least average profi-
ciency in Putonghua in the language benchmark test taken
prior to graduation (Wang & Kirkpatrick, 2015). As an in-
ternational city, many Hong Kong Chinese residents learn
English, and the role of English has remained important
even after the handover of sovereignty to the Central Chi-

nese government in 1997. Hong Kong students start learn-
ing English as a compulsory subject at the age of 3 years,
when they enter kindergarten level one, and generally ob-
tain intermediate to high English proficiency levels as indi-
cated by a mean band score of 6.3 in IELTS (IELTS Part-
ners, 2012) achieved by academic candidates. Thus, chil-
dren’s language and reading skills can be assessed from as
young as 3 years old. Given the implementation of manda-
tory English and Putonghua education in Hong Kong, a ho-
mogeneous twin sample that shares a similar language ed-
ucation background can be obtained for addressing a se-
ries of critical issues related to bilingualism and trilingual-
ism (Cantonese, Mandarin, English). Despite being a small
city, there are eight government-funded universities and
one private university, as well as many active researchers in
Hong Kong. As such, there are a large variety of research
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TABLE 1
Number of Singletons, Twins, Triplets, and Other Higher Order Multiple Births in Hong Kong from 2009 to 2015

Type of birth 2009 2010 2011 2012 2013 2014 2015

1. Singletons 79,749 86,059 92,545 89,169 55,215 60,354 58,071
2. Twins 2,304 2,474 2,858 2,344 1,830 1,930 1,798
3. Triplets and other higher order multiple births 42 51 48 45 39 21 9
Total 82,095 88,584 95,451 91,558 57,084 62,305 59,878

Note: Data sourced from Census and Statistics Department, Hong Kong SAR, 2015.

topics studied by many scholars in Hong Kong. Moreover,
the necessary technical support for conducting a twin study
is available. Given the unique language background of the
city, the study of learning English as a second language,
bilingualism, and multilingualism are all popular research
topics in Hong Kong. In this article, we will review the re-
cent twin studies conducted in Hong Kong and propose
new research ideas both for Hong Kong and for other cities
with similar multilingual backgrounds.

The Pioneering Systematic Territory-Wide
Twin Study in Hong Kong
Both the sabbatical leave of Professor Connie Ho from the
University of Hong Kong and her participation in the an-
nual International Twin Workshop, hosted by the Insti-
tute for Behavioral Genetics at Colorado, contributed to the
initiation of a pioneering twin study conducted in Hong
Kong. Although no twin study of child development had
been carried out before 2007, the Research Grants Coun-
cil of Hong Kong generously sponsored the first system-
atic twin study of language and reading development in
Chinese children (e.g., Chow et al., 2011, 2013; Ho et al.,
2012; Wong, 2013). This study, which is known as the
Chinese Twin Study (CTS) of reading development, also
gained support from the Wellcome Trust Programme grant
082498/Z/07/Z awarded to Professor D. V. M. Bishop. In
this pioneering twin study, Professor Mary Waye, from The
Chinese University of Hong Kong, provided support for
zygosity testing. The composition of this research team
highlights the interdisciplinary nature of behavioral genetic
studies.

As no previous studies had been carried out for refer-
ence, the team had to devise multiple participant recruit-
ment strategies to ensure that enough twin participants
were obtained. According to the Census and Statistics De-
partment in Hong Kong, around 1,000 pairs of twins are
born each year in Hong Kong (see Table 1 for details).

The team was therefore confident that they could recruit
enough twins within the 3-year project period. Without
any help from a territory-wide governmental network, twin
participants of this study were mainly recruited through the
help offered by the personnel of kindergartens and primary
schools. School personnel were approached through writ-
ten and telephone communication. Schools that had twin
students then provided the team with contact details of the
twins’ families for follow-up. Next, the research assistants

arranged testing sessions to take place either at the partici-
pants’ schools or homes. The participating schools included
135 kindergartens and 96 primary schools of Hong Kong,
which comprised 15% and 17% of all the kindergartens and
primary schools in Hong Kong for 2008, respectively (see
Table 2 for details).

It is possible that the research team had failed to
reach and contact many of the twins. Apart from through
schools, some participants were obtained through refer-
rals by non-governmental organizations, churches, parental
newsgroups, and the project’s website (http://hkoxtwin.
googlepages.com), as well as through posters advertising
the twin study. There were also a few participants who con-
tacted the research team upon reading a newspaper article
that reported the project. As this twin study was a pioneer-
ing one in Hong Kong, the parents of twins were enthusias-
tic and supportive of the project. In the year 2008–2009, two
full-time research assistants recruited a total of 400 pairs of
twins aged between 3 and 11 years.

The Advantages of Conducting a Twin
Study in a (Relatively) Small City
Despite the limited number of twins available in a rela-
tively small city, one prominent advantage of conducting
a twin study in Hong Kong is the efficiency of data col-
lection. Given the established research participation cul-
ture among local schools in Hong Kong, the scheduling and
administration of testing is normally achieved within one
to two weeks after parental consent is obtained. The rela-
tively short travel distance and convenient transportation
system within Hong Kong also allows testing to be com-
pleted within a short period of time. Furthermore, when
testing cannot be completed for some reason (e.g., children
are unwell or unavailable), the makeup testing can be done
shortly after the absence.

Another advantage of running the project in a small city
is that twins in Hong Kong experience a relatively homo-
geneous culture and education system. Therefore, the com-
mon environment factor may be relatively stable for all twins.
Another factor, unique to Hong Kong, is the fact that it has
the highest proportion of domestic workers in total employ-
ment of all the industrialized, high-income economies (In-
ternational Labour Office, 2010). Based on samples taken
from the Hong Kong 2006 Population Bi-Census, there
were 62,218 Filipino foreign domestic helpers (FDH) who
worked in households where there was at least one child
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TABLE 2
Number of Twins Recruited from Kindergartens and Primary Schools in Hong Kong in the CTS Study

The number of sets of twins per
kindergarten or school Kindergartens Primary schools

One 96 60
Two 27 14
Three 8 9
Four 1 8
Five 2 3
Six 0 1
Seven 1 0
Eight 0 1
Total 135/889 kindergartens in Hong Kong in the

year 2008
96/557 schools in Hong Kong in the year

2008
(Hong Kong Education Bureau, 2012) (Hong Kong Education Bureau, 2012)

aged 12 years or below. Past research has shown that young
children (kindergarten age), whose home has a Filipino
domestic helper, tend to demonstrate better vocabulary
knowledge in English but poorer vocabulary knowledge in
Cantonese (Chan & McBride-Chang, 2005). As shown in
a recent study, Hong Kong primary school children who
live with a Filipino domestic helper often obtain a signifi-
cantly higher score for English (Tang & Yung, 2016). While
Hong Kong domestic workers made up 7% of total employ-
ment in 2009, other countries that have a similar situation
such as Singapore (6%), Cyprus (4.4%), Spain (4%), Por-
tugal (3.4%), France (2.3%), and Greece (2%), could con-
tribute data on the effect of live-in FDHs on language ac-
quisition in the future.

The Major Findings of the Chinese Twin
Study (CTS) of Reading Development
The first systematic twin study was conceptualized within
the framework of contemporary behavioral genetics. Based
on the idea of ‘bootstrapping’ (Werker & Yeung, 2005), we
included language and reading variables that are linked de-
velopmentally. Speech perception and production serve as
the foundation for later phonological development. Such
development, in turn, fosters written and spoken vocab-
ulary learning as well as subsequent discourse skills. This
link was evidenced in our pioneering twin studies (Wong,
Bishop et al., 2009; Wong, Chow et al., 2013; Wong, Ho et al.,
2010). In addition, we were also the first to provide univari-
ate estimates of genetic and environmental effects on Chi-
nese and English language (speech perception and vocabu-
lary knowledge; Wong et al., 2014) and reading (word, sen-
tence, and passage reading; Ho et al., 2012) abilities, as well
as related metalinguistic skills (tone awareness, morpholog-
ical awareness, orthographic skills, and rapid naming skills;
Chow et al., 2011, 2013). Apart from univariate twin anal-
ysis, we conducted multivariate twin analyses to test both
intra- and inter-language development. The Chinese ver-
sion of the Simple View of Reading Model (Ho et al., 2012)
and the Generalist Genes Hypothesis (Chow et al., 2013)
were tested using a twin study approach. Additionally, the

genetic and environmental overlap between Chinese and
English language and reading skills were explored (Wong
et al., 2014). Additionally, a genetics method for identifying
the zygosity of Chinese twins was also developed and re-
ported (Lim et al., 2011). Findings from this study by Lim
et al. (2011) suggested that using naked-eye observation
to differentiate between monozygotic (MZ) and dizygotic
(DZ) twins was unreliable, as eye and hair color are more
or less the same across the Han Chinese population.

An Ongoing Twin Study as an Extension
of the Chinese Twin Study (CTS) of
Reading Development
Further to the aforementioned twin study, the Research
Grants Council Hong Kong continued to provide fund-
ing support for twin research. Another territory-wide twin
study was funded in 2014 to investigate reading develop-
ment in both Chinese and English among Chinese chil-
dren. The extended project was co-supervised by Profes-
sor Catherine McBride from The Chinese University of
Hong Kong and Professor Connie Ho from the University
of Hong Kong. This project proposed to examine not only
behavioral and cognitive-linguistics skills in Chinese read-
ing development, but also both Chinese and English read-
ing skills development and the affective factors that may
have an impact on language and reading development. In
addition, language and reading performances manifested at
the neurological and molecular genetic levels were investi-
gated. Another aim of this extended project was to examine
the developmental trend in word reading using a longitu-
dinal twin design. Within this ongoing study, the sample
size was improved, being larger yet also targeted to a nar-
rower age range. Another improvement is the additional
use of the genome wide association studies (GWAS) ap-
proach to studying more genes that might be important in
language development. This is taking place with the help of
Professors Simon Fisher, Silvia Paracchini, and Mary Waye.
All of these improvements were made possible with greater
research support from local and overseas researchers. In
this extended twin study, the size of the research team was
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also expanded, and the team members included researchers
with more diverse backgrounds.

Similar to the previous twin study, participant recruit-
ment in the ongoing study mainly relies on the assistance
of local schools. The research team has also taken advan-
tage of more widespread use of social media such as Face-
book (HK Bilingual Twin Study), Whatsapp, and the e-
banners of websites, and has been able to recruit partici-
pants through these forms of social media. The Facebook
page of the project also serves as a platform for the dissem-
ination of project updates and useful information for twins
and their parents. Additionally, the Facebook page is a reg-
istry platform for the research team to maintain the par-
ticipants’ records and engagement, which is important for
conducting a longitudinal twin study. In addition, booklets
and posters were created and distributed to NGOs, schools,
and related governmental departments. Given the exciting
findings obtained from the previous twin study and other
research on literacy development in Hong Kong available,
the research team organized public seminars to attract more
twin participants and enhance the publicity of the project.
With heightened public awareness of the twin study, it is ex-
pected that participant recruitment will be made easier.

There are also a number of web-based tools facilitat-
ing the twin recruitment. For example, an e-form created
with Google Page hosted at the project website (http://www.
psychology.hku.hk/hktwin/main.html) allows participants
to sign up for the experiment via the internet. This practice
has streamlined the administration procedure and reduced
the cost of printing application forms. Additionally, lucky
draws are held on a regular basis to award those who have
referred twin participants to the research team.

In this new project, more data is requested from each
participant, and therefore the testing administration time
has increased. Rather than a single session, multiple ses-
sions are planned, of which two to three are designated for
behavioral-cognitive testing and one for a subset of chil-
dren for electrophysiological testing. As this extended twin
project involves researchers from four local universities,
more laboratories are available for testing. In other words,
parents have greater choice when selecting a testing venue.

Another new investigative focus in this new twin study is
the inclusion of a comparable sample of singletons. By com-
paring twins and non-twins, the study considers children’s
learning progress and whether the two groups have compa-
rable educational achievements. This study, sponsored by
The Chinese University of Hong Kong, will add new find-
ings regarding the extent to which ‘twins are lagging behind’
(e.g., Rutter et al., 2003; Webbink et al., 2008).

The MZ/DZ Ratios and Gender of the
Twins
Aside from the sample size, the monozygotic:dizygotic
(MZ:DZ) twinning ratio leads to some concerns. As shown

in several studies conducted on Asian populations, the
MZ:DZ twinning ratio is expected to be lower than that
exhibited in non-Asian countries (Chen et al., 2010; Gan
et al., 2007; Imaizumi, 2003). Similarly, a same-sex DZ to
MZ twin ratio of 0.35 was observed in the aforementioned
CTS of reading development (e.g., Chow et al., 2011, 2013;
Ho et al., 2012). Unlike within the previous study, opposite-
sex DZ twins are included, enabling a larger sample size and
thus increasing the statistical power of the study. The effect
of gender will be corrected by statistical methods.

Future Research Directions and
Sustainability of Twin Study in Hong Kong
Locally and Globally
Despite the short history of twin research in Hong Kong,
the provision of a unique language-learning environment
makes it an important research topic. Given that it has been
less than 10 years since the first territory-wide twin study
commenced in Hong Kong, a larger sample size may be
obtained in the foreseeable future in a cumulative manner,
similar to other large-scale twin projects around the world.
At the time when we prepared this article, Dr Timothea
Toulopoulou from The University of Hong Kong had just
completed a twin study of schizophrenia endophenotypes
on a pan-European twin sample. She is also conducting an-
other twin study on affective development in adolescents.
We expect that more new topics related to twin study will
emerge in the near future. Continual and increasing finan-
cial support from the local grants council, technical support
from researchers, and support from schools and parents
are all key to success. For more efficient twin recruitment
in the long run, the support of local governmental units is
needed, such as the Department of Health or Hospital Au-
thority. The establishment of a territory-wide twin registry
is definitely of prime importance. All the above improve-
ments will also speed up the recruitment of twins who have
specific learning difficulties and allow researchers in Hong
Kong to examine the genetic and environmental influences
and risks on a range of learning difficulties. With the im-
plementation of the ‘biliteracy and trilingualism’ education
policy in Hong Kong, research on the interplay of genes
and environment on Cantonese, English, and Putonghua
learning is necessary for understanding education and child
development in the local context. Extending from previ-
ous findings of partial genetic and environmental overlap
between spoken and written language performances in a
group of Australian twins learning a mix of second lan-
guages (Coventry et al., 2012), bilingual twin studies con-
ducted in Hong Kong will further reveal the genetic and en-
vironmental overlap (and independence) among the three
spoken and two written languages. To date, medical-related
twin studies are under-represented in Hong Kong. It is nec-
essary to research more medical and physical traits that will
carry more culture- and ethnic-specific implications.
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As an international city, international collaborations are
welcomed in Hong Kong. For instance, Professor McBride
from The Chinese University of Hong Kong and Dr Silvia
Paracchini from the University of St. Andrews (Scotland)
have recently collaborated on a study on handedness in the
twin sample.

With twin studies blossoming in Hong Kong, talented re-
searchers will be more likely to require additional skills for
conducting twin studies, such as advanced modeling statis-
tics. This twin research culture will also promote education
on behavioral genetics, and more locally trained behavioral
geneticists are expected in the future.

With the close proximity to other cities in Southern
China, in which spoken languages (Cantonese, Putonghua,
and English as a second language) are shared, there is a pos-
sibility to combine the twin data across these cities. This
may include those who have already established a twin reg-
istry and are experienced in conducting twin research (e.g.,
Guangzhou; Zheng et al., 2012). It may also be possible to
initiate pioneering twin studies in a nearby city, such as
Macau, since the demographic features of children speak-
ing languages are similar to those of Hong Kong children.
Given the similar language background but different edu-
cation systems of Hong Kong and these proximal cities, the
aggregated dataset may prove to be invaluable in informing
the role of environmental influences on heritability.
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