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Abstract
Positive self-concept and good understanding of science are important indicators of
scientific literacy endorsed by professional organizations. The existing research literature
suggests that these two indicators are reciprocally related and mutually reinforcing.
Generalization of the reciprocal model demands empirical studies in different cultures. In this
investigation, Hong Kong has been identified as a meeting place between the West and the East,
and TIMSS and TIMSS-R databases are analyzed to confirm features of the reciprocal model
two years before and after Hong Kong’s political transition in 1997. The result may not only
help generalize the reciprocal model in a different culture setting, but also assess contextual
changes in the language of instruction from English to Chinese brought by the political
transition.

An Empirical Study of Relationships
Between Student Self-Concept and Science Achievement in Hong Kong
Self-concept is an intrinsic characteristic that has a profound impact on student future
success (Goleman, 1995; McClelland, 1993; Sternberg & Wagner, 1993). In particular, a
person’s belief in his or her ability to do well in science is recognized as a key component of
scientific literacy by science educators (AAAS, 1990; Wilkins, 2003). Marsh, Hau, and Kong
(2002) further noted,
In academic self-concept research, support for the main theoretical models has been
based largely on responses by students from Western countries, particularly Englishspeaking students in Australia, Canada, and the United States. (p. 728)
Accordingly, it is important to examine the relationship between self-concept and academic
achievement in various culture settings.
Hong Kong is a unique place harboring different cultures between the West and the East.
While the Chinese majority speaks the Cantonese (a local Chinese dialect) as a mother tongue,
English is valued highly as a language medium of international trade and academic discourse.
During much of the post-war period in Hong Kong, the vast majority of students received a
primary education in Chinese-medium schools, and then switched to Anglo-Chinese schools for
their secondary education. Hau, Kong, Marsh, and Cheng (2000) observed that “Hong Kong is
an ideal setting for testing the juxtaposition of self-concept in native and nonnative languages as
both Chinese (the native language) and English (the non-native language) are considered
extremely important in the high school curriculum and society” (p. 5).
On July 1, 1997, Hong Kong terminated its 150-year British colonial history, and
reunited with China. The new local government designated a transition period to promote

instruction in Chinese/Cantonese in most secondary schools (Evans, 2000). At this historical
conjecture, Hong Kong participated in the Third International Mathematics and Science Study
(TIMSS) in 1995 and a repeat of TIMSS (named TIMSS-R) in 1999. The purpose of this
investigation is to study the relationship between student self-concept and science achievement
two years before and after the sovereignty switch using the TIMSS and TIMSS-R databases.
According to Marsh et al. (2002), “Previous research suggests that Chinese students differ from
Western students in ways that may be relevant to how they construct their self-concepts” (p.
728). Therefore, this empirical data analysis may not only help disentangle the relationship
between self-concept and science achievement in different culture settings, but also assess
changes in the language of instruction from English to Chinese brought by the political
transition.

Literature Review
Development of individual self-concept can be dated back to Socrates’ call of “knowing
thyself” more than 2000 years ago (see Hamachek, 2000). In the last century, behavior scientists
attempted to conceptualize the idea of self in multiple ways (Cooley, 1902; James, 1950; Mead,
1934). In an attempt to connect self-concept with academic achievement, Shavelson, Hubner,
and Stanton (1976) proposed a multifaceted, hierarchical model from an extensive literature
review. Apex of the hierarchical structure was split into academic and nonacademic components
of self-concept. The relationship between academic self-concept and academic achievement has
been postulated to be reciprocal and mutually reinforcing (Marsh et al., 1999). Marsh et al.
(2002) reported that “the results of previous research provide general support for a reciprocal
effects model” (p. 729).

Nonetheless, more recent cross-cultural investigations have revealed inconsistent
findings from international databases (see Wilkins, 2003). For instance, Wilkins, Zembylas, and
Travers (2002) analyzed the TIMSS international data, and reported a positive relationship
between self-concept and science achievement for 16 different countries. Meanwhile, Kifer’s
(2002) analysis suggested that many of the highest performing countries had some of the lowest
overall beliefs in student self-ability. Incorporating considerations of the instructional language,
Evans (2002) further noted needs to articulate the relationship between self-concept and student
achievement in specific subject areas.
Nonetheless, “The role of language of instruction in the formation of a positive academic
self-concept has received surprisingly little attention in the research into immersion,
bilingualism, and second-language instruction” (Marsh, Hau, & Kong, 2002, p. 733). On one
hand, researchers tend to believe that students learn more effectively when taught through their
mother tongue (see Cummins, 1996; Garcia, 1993). The improvement of achievement may in
turn enhance positive attitude, as suggested by the reciprocal model (Marsh et al., 1999). On the
other hand, schools that support instruction in English are likely to be the most prestigious and
academic ones in Hong Kong. Thus, students may have established positive self-concepts in this
setting as well. The western literature in this area seemed to suggest potential “cultural
ambivalence” from replacement of the first language by the second language (e.g., Krashen,
1997; Ogbu, 1992, 1999), but that concern was largely hinged on consideration of cultural and
language protections for minority groups. In contrast, the immersion in English instruction was
a preferred choice of the majority parents in Hong Kong, and has been positively valued by the
society. Therefore, the western theories on the negative impact might not fit the specific
situation in Hong Kong.

To date, besides a couple of articles developed by Marsh and his colleagues (i.e., Hau,
Kong, Marsh, & Cheng, 2000; Marsh, Hau, & Kong, 2000 & 2002), few other researchers
examined the relationship between self-concept and science achievement in Hong Kong’s
context. The data analyzed by Marsh and his colleagues were gathered from 56 high schools
under guidance of Hong Kong’s Educational Commission in 1995, an era before of the
sovereignty switch (see Marsh, Hau, & Kong, 2000, p. 311). To assess impact of the political
transition, more recent data need to be analyzed to reflect changes in Hong Kong before and
after July 1, 1997.
In summary, this study is designed to disentangle the relationships between student selfconcept and science achievement in an era of adjusting English status as a medium of instruction
in Hong Kong. Under a “one-country, two-system” framework, Hong Kong remains to be a
democratic society and the perceived English importance by education stakeholders plays a
crucial role in choosing an instructional language in school. Empirical data on English
importance has been gathered in TIMSS and TIMSS-R surveys before and after the political
transition. Because most theories of bilingual education were developed in western cultures for
minority groups, this investigation not only addresses a critical education topic for the majority
residents in Hong Kong, but also facilitates enrichment of the existing literature in bilingual and
science education.

Research Questions
Marsh et al. (1999) reviewed the existing literature, and recommended multilevel
analyses to examine generalization of the reciprocal modeling across various schools. Research
questions that guide this investigation are:

1. What proportion of the variance in science achievement has been distributed at the
student and school levels?
2. What is a plausible model of student self-concept and science achievement under the
context of reforming English role in instruction during the political transition?
3. What are differences and/or similarities of the empirical model reconfirmed by the
TIMSS and TIMSS-R data analyses?

Methods
Variable Selection
Science scores have been gathered from the 8th grade level in TIMSS and TIMSS-R
projects. To avoid a low response rate, each student was tested on a subset of science items, and
a total of five plausible scores have been imputed to represent the overall student achievement.
According to Gonzalez and Smith (1997), “one set of the imputed plausible scores can be
considered as good as another” (ch. 6, p. 3). To enhance comparability between the TIMSS and
TIMSS-R results, TIMSS scores have been rescaled at the 8th grade level using the TIMSS-R
procedure, and the data are released at a public website (http://www.timss.org). Plausible scores
from TIMSS and TIMSS-R are employed in this study to indicate student achievement in the 8th
grade science.
Selection of self-concept indicators is also grounded on the research literature.
Psychologists suggested that self-concept has two major aspects, “the self as a doer” and “the
self-as-object” (Hamachek, 2000; James, 1890). From the doer’s perspective, TIMSS and
TIMSS-R gathered “Students’ self-perceptions about usually doing well in science” (Supplement
2 of the TIMSS User Guide, section 1, p. 8). Regarding the self as an object, students had a

chance to express their feeling of getting bored by science. In addition, students reported
importance of learning English as perceived by self, friends, and parents, and thus, the push for
English acquisition can be examined before and after the political transition. To facilitate
interpretation of the research findings, these indicators have been scaled in such a way that a
higher value represents a more positive response in each dimension.
Statistical Modeling
While variables of self-concept and science achievement were measured at the student
level, their relationship could have been influenced by school characteristics. It is prudent to
partition the score variance at student and school levels (Question 1), and assess the feasibility of
generalizing research findings across different schools. In this study, the SAS PROC MIXED
routine has been employed to complete the variance partition for each of the five plausible scores
from TIMSS and TIMSS-R.
The medium of instruction is an important issue related to science education. In Hong
Kong, Tao (1994) projected that “The problem is particularly acute in science since the language
used has a characteristic formal style” (p. 332). Accordingly, the reciprocal model should
incorporate student reported language push from self, friends, and parents (Question 2), and
multiple indicators have been employed to identify each latent factor (Figure 1). “Today, it is
commonly accepted that multiple observed variables are preferred over a single variable in
defining a latent variable” (Schumacker & Lomax, 1996, p. 55). The use of multiple indicators
permits an assessment of measurement errors in this study, and goodness-of-fit indices have been
computed from the TIMSS and TIMSS-R databases for reconfirmation of the reciprocal model
(Question 3).

To keep Figure 1 more readable, the measurement errors considered in this investigation are not
depicted along with factor loadings, path coefficients, and correlation coefficients.
______________________
Insert Figure 1 around here
______________________

Results
The multilevel analysis revealed that score variances were much smaller at the school
level than at the student level (Table 1).
_____________________
Insert Table 1 around here
_____________________
Goodness of fit indices are listed in Table 2 to assess plausibility of fitting the reciprocal
model (Figure 1) to the TIMSS and TIMSS-R databases.
_____________________
Insert Table 2 around here
_____________________

Researchers noted that results of statistical testing are sensitive to sample sizes, and
trivial differences might have a significant level simply because of a large sample size (see
Henson & Smith, 2000). To avoid this problem in statistical reporting, effect sizes as
represented by the real value differences have been recommended by the American
Psychological Association for dissemination of statistical findings (see Thompson, 1998). Table
3 contains parameter estimates for the reciprocal model in Figure 1 using the TIMSS and
TIMSS-R databases. The effect sizes of the structural relationships before and after Hong
Kong’s political transition are presented in Table 4 to compare the model difference.

__________________________
Insert Tables 3 & 4 around here
__________________________

Discussion
As was mentioned earlier, TIMSS and TIMSS-R were gathered four years apart, and in
between there is a historical handover of Hong Kong from Britain to China in 1997. Because
similar sampling strategies and data collection techniques were employed in these projects,
potential impact of the historical transition can be assessed through analyses of the 1995 and
1999 databases.
A political condition for the sovereignty switch is to allow Hong Kong to retain its
existing political system. The China government did not impose specific policy changes on the
Hong Kong residents. The effect sizes in Table 4 reflect changes in the structure of the
reciprocal modal during the transition period. The small effect sizes seemed to confirm stability
of the proposed model on the time dimension (Figure 1).
In addition, Hong Kong has an urban environment with Chinese accounting for 98% of
the population, and a strong commitment to child education, as part of Chinese tradition, is
commonly shared in almost all families. Because of the lack of ethnic variation in the school
population, it is generally understandable that score variances were much smaller at the school
level than at the student level (Table 1).
Nevertheless, Table 1 also showed an increase in the school-level variability from
TIMSS to TIMSS-R. In part, the larger score variability at the school level could be resulted
from a new government policy implemented in 1997 that separated school instruction on two
tracks by Chinese or English language of instruction. Recent studies of language use in English

schools revealed that the use of Cantonese (i.e., an oral Chinese language) has become
widespread among Hong Kong English teachers for various reasons (Bray, 1997; Lin, 1990;
Pennington, 1995, 1999). The mixed code instruction has somehow blurred the difference
between English- and Chinese-medium schools. The language labeling might have limited
teacher application of mixed codes between Chinese and English originally practiced in both
tracks, and sharpened the difference at the school levels after the political transition.
This speculation is also supported by results of factor loadings from the measurement of
science achievement. The plausible scores have shown similar factor loadings in TIMSS or
TIMSS-R (see λ y1 ... λ y5 in Table 3), which concurs equivalency of the plausible scores in
representing student achievement in science (Gonzalez & Smith, 1997). On the other hand,
higher factor loadings have been obtained from TIMSS than from TIMSS-R. Factor loadings
indicate a simple correlation between the plausible scores and the underline factor of science
achievement (Figure 1). Before implementing the language tracking system in 1997, more
coherent
Reconfirm the results by factor loadings (besides equivalency). lower loading
Self is more than peer and parent – source of response
Almost no reciprocal relation
More impact on achievement
Increase doer’s loading
Among a variety of model fitting indices, Joreskog and Sorbom (1981) advocated the use of
goodness-of-fit index (GFI) to measure the relative amount of variances and covariances
commonly explained by the model. Marsh, Balla, and McDonald (1988) suggested the adoption
of root mean square residual (RMR) to “justify the conclusion that a model adequately fits a

particular set of data” (p. 391). Table 2 contains GFI and RMR indices from fitting the reciprocal
model with or without gender separation. The use of multiple fitting indices follows Bollen’s
(1989) recommendation to confirm the model-data-fit through result triangulations. The small
RMR and large GFI values consistently suggest a good fit of the reciprocal model to the TIMSS
and TIMSS-R databases.
because “language is an important cultural factor when comparatively assessing students who
speak, read, write, and listen using entirely different communication system” (Holliday &
Holliday, 2003, p. 252),

4. What proportion of the variance in science achievement has been distributed at the
student and school levels?
5. What is a plausible model of student self-concept and science achievement under the
context of reforming English role in instruction during the political transition?
6. What are differences and/or similarities of the empirical model reconfirmed by the
TIMSS and TIMSS-R data analyses?

Because English is a language largely confined within professional domains, Hong Kong
residents rarely use it in their daily communications (Tao, 1994). Consequently, labeling schools
according to their language use does not completely reflect the process of instruction. Given the
dependency of science education on language acquisition and mathematical preparation,
empirical data from TIMSS and TIMSS-R need to be analyzed to disentangle the impact of
English emphasis as perceived by education stakeholders, such as students, peers, and parents.

. Factor loadings in Table 3 indicate contributions of each indicator variables on the
corresponding latent factors in Figure 1. The path coefficients suggest that importance of
English acquisition seems to have stronger impact on science achievement and less impact on
science self-concept. However, the reciprocal relation between the achievement and selfconcept appears to be much weaker (Table 3). Due to implementation of a “one China, two
system” policy, the effect sizes for the period of 1995-1999 political transition are fairly small
(Table 4). The model fitting indices in Table 2 show a strong support for the theoretical model
depicted in Figure 1.

As a result, the new Hong Kong government had to modify its original policy on the language
labeling, and let Chinese-medium schools conduct classes in English (Education lacks a pass
mark despite reforms, Hong Kong Imail, October 6, 2000, p. 1). This change was primarily due
to parental push for retaining English instruction during the period of Hong Kong’s political
transition.
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Table 1
Ratio of variances in science plausible scores (PS) distributed at school and student levels[1]

Project

PS1

PS2

PS3

PS4

PS5

Mean

TIMSS

.027

.029

.028

.029

.028

.028

TIMSS-R

.049

.044

.049

.047

.040

.045

[1] The ratio is computed by dividing the partitioned score variance at the school level over the
corresponding variances at the student level.

Table 2
Model fitting indices for the TIMSS and TIMSS-R databases

RMR
GFI

TIMSS Sample

TIMSS-R Sample

0.07
0.99

0.07
0.98

Table 3
Parameter estimates for the reciprocal model using the TIMSS and TIMSS-R databases

Estimates

TIMSS

TIMSS-R

0.93
0.93
0.93
0.93
0.93
0.47
0.59
0.65
0.61
0.76

0.85
0.87
0.87
0.87
0.87
0.61
0.59
0.61
0.63
0.84

0.07

0.07

0.29
0.25

0.28
0.24

Factor Loadings

λ y1
λ y2
λ y3
λ y4
λ y5
λ y6
λ y7
λ x1
λ x2
λ x3
Reciprocal Relation
β
Path Coefficients
γ1
γ2

Table 4
Effect sizes of the structural relations from the period of Hong Kong’s political transition

Structural Parameter

β

γ1

γ2

Effect Size

0

0.01

0.01

Figure 1
A Structural Model of Self-Concept and Science Achievement from TIMSS

PS1

λ y1
λ y2
Science
Achievement

λ y3
PS3

λ y4

Mother

λ x1

λ x2
Friend

λ x3

PS4

γ1

λ y5
PS5

English Push

β

γ2
λ y6

Self

PS2

Doer

SelfConcept

λ y7
Object

Notes:

1. PS1, … PS5 are plausible science scores imputed from TIMSS or TIMSS-R projects under a threeparameter item response theory (IRT) model.
2. The “doer” and “object” indicators are based on student responses on whether they can do well in
science and felt bored about science.
3. Indicators for the “English push” factor are based on student responses on importance of learning
English perceived by self, friends, and parents.

