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Abstract

This paper isthefirst of aseries of articlesreporting the findings
of alongitudinal study ontheimpact of anew languagepolicy about
themedium of instruction on sciencelearning of secondary students
in Hong Kong. This paper compares the science achievement of
Chinesestudentslearning sciencethrough asecondlanguage, English,
with that of studentsreceiving instruction in their mother tongue,
Chinese. Based on the scores on a science achievement test made
up of multiple-choice and free-response questions, the English-
medium students, despitetheir higher initial ability, werefoundto
perform much more poorly than their Chinese-medium peers.
They wereparticularly weak in problemsthat assessunderstanding
of abstract concepts, the ability to discriminate between scientific
terms, and the ability to apply scientific knowledge in novel or
realistic situations. This result implies that the English-medium
studentswere handicapped in sciencelearning by their low levels
of Englishproficiency, andlearning English asasubjectthroughthe
primary yearsis not sufficient to prepare them for afull English
immersion program in secondary school.

I ntroduction

The medium of instruction in secondary schools has long been a
controversial issuein Hong Kong. Prior to 1998, individual schoolswerefree
to decide their own instruction medium. Because there is agreat demand for
graduates with high English proficiency, most schools opted for English as
the medium of instruction without considering whether or not their students
were capable of learning effectively through English. However, in 1998, the
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government imposed a language policy for schools, which stipulates that
most schools must adopt Chinese as the medium of instruction (MOI), and
only about a quarter of the schools that take in the more able students are
allowed to teach in English. Asthispolicy will have afar-reaching impact on
secondary education in Hong Kong, the present study investigated the effects
of thispolicy on students’ learning of scienceintheir first 3 years of secondary
schooling.

Background and Rationale of the Study

The majority of the population in Hong Kong is Chinese and speaks
Cantonese, adialect of Chinese, asthe languagefor daily communication. For
the purposes of this paper, when the authors use the term * Chinese language,”
we mean “ Cantonese.” However, Hong Kong was aBritish colony from 1842
to 1997; hence, the government uses English asthe official language. English
isalanguage of power because proficiency in English confers advantagesin
securing well-paid postsin the government and in the commercial sector. The
high status of the English language is reflected in the education system,
which aims to produce graduates proficient in both Chinese and English.

Primary schoolsin Hong K ong use Chinese asthe MOI and teach English
as a subject. After Primary 6 (Grade 6), students are streamed according to
MOI into different types of secondary schools: those with English as the
medium of instruction (EMI) and those with Chinese as the medium of
instruction (CMI). Prior to 1998, secondary schoolswerefreeto choose their
MOI, and most schools opted for EMI to meet the demand for graduates with
highlevelsof English proficiency. One problemwith thismode of lateimmersion
is that most students entering English-medium secondary schools were not
equipped with an adequate level of English proficiency for them to learn
content (nonlanguage) subjects effectively in English. Furthermore, some
subject teachers could not teach proficiently in English.

An undesirable outcome of this situation is that many teachers used a
mixture of Chinese and English for instruction (Johnson, 1983). Shek, Johnson,
and Law (1991) showed this mixed mode of instruction has become more
prevalent since the implementation of compulsory education from Primary
1-6 (Grades 1-6) to Secondary 1-3 (Grades 7-9) in 1978. In many of the EMI
schoolsthat took in less able students, the teachers used Chinese most of the
timefor teaching, classroom control, and interpersonal interaction. Interaction
in Englishwasmainly restricted to asking ssmplerecall questionsthat required
one-word or single-phrase answersfrom the students, highlighting vocabulary
in English textbooks with explanations in Chinese, and going through
worksheets or notes written in English (Johnson, 1997; Pennington, 1999;
Evans, 2000).
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Theweakest students could not understand even very simpletext written
in English. Their learning style basically consisted of translating content
wordsin atext by looking in thedictionary and writing the Chinese characters
alongside the English vocabulary in their notes or textbooks. In order to
prepare for tests and examinations, they had to commit to memory terms and
isolated chunks of textsin English that they did not quite understand. Under
these conditions, it was very unlikely that these students could develop an
intrinsic interest in and motivation for learning. Given students' poor English
abilitiesand the pressureto cover syllabi heavily loaded with factual content,
many teachers considered a mixed mode of instruction (Chinese and English)
asinevitable and even desirable. This situation was also common in some of
the schools that admitted students of higher abilities.

Based on the belief that students can learn better through their mother
tongue, the Education Department of Hong Kong recently implemented anew
policy on the language of instruction in junior secondary schools (Education
Department, 1997). Beginning in 1998, most secondary schools (about 300)
were required to use students' first language, Chinese, asthe MOI. However,
a small number of schools (114) that take in the top 25% of students in
Secondary 1 (S1) usethe second language, English, asthe MOI. Thisfigureis
based on the findings of local studies (e.g., Brimer et al., 1985; Education
Commission, 1990) that suggest that about 30% of students may be able to
learn effectively through English. Under this policy, instruction in mixed mode
is strongly discouraged. The first cohort of secondary students affected by
this policy werethose who entered S1 in September 1998.

In order to assesstheimpact of thislanguage policy, alarge-scale project
was launched to study the effects of this policy on students’ achievement in
a number of school subjects, including Chinese, English, mathematics, and
science. The project seeks to understand the impact of language immersion
on student learning, particularly in relation to late-immersion programs that
begin in secondary schools. This paper reports and discusses some of the
findings on the science achievement of students studying in the two different
streams of schools, the EMI and CMI schools.

Literature Review: Effects of Medium of
Instruction on Achievement in Content Subjects

The present paper addresses the impact of MOI on science learning. It
seeks to contribute to understanding how science achievement is affected by
using Chinese, the native language, or English, asecond language, asamedium
of instruction in Hong Kong. Although a considerable amount of research
has been done on immersion programs, most of these studies have focused
on the development of students' language abilities, in both their first and
second languages, and only a small number are concerned with the learning
of content subjects. Among the studies that explore the effects of MOI on

Science Learning of Hong Kong Secondary Students 297



content subjects, the findings are inconclusive and sometimes contradictory.
A review of these studies can provide a useful background for understanding
the possible impact of Hong Kong's new language policy on the science
learning of EMI students.

In Ontario and elsewherein Canada, akey concern of parentsand educators
about immersion education was whether native English-speaking students, if
taught in their second language (French), would be able to keep up with their
English-medium peersin content subjects. To addressthis concern, anumber
of standardized tests of mathematics achievement were conducted on
immersion and nonimmersion students. Analyses of covariance, with 1Q as
the covariate, were carried out in order to compare the achievement of students
of these two groupsin mathematics. In afew cases, the English-taught, non-
immersion students scored significantly higher than the immersion students,
but in some other cases, the immersion students demonstrated better
performance on the mathematics test. Despite these variations, the results of
most studies (e.g., Edwards, Colletta, Fu, & McCarrey 1979; Genesee, 1987;
Swain & Lapkin, 1982) show that there are no statistically significant differences
between the mathematics achievement of the two student groups, indicating
that theimmersion studentswere not at adisadvantage by receiving instruction
in French.

In most of the standardized science achievement tests administered to
Grades 5 to 8 in Canada, the average scores of the immersion students and
their English-taught peersare equivalent (Cummins & Swain, 1986; Genesee,
1987). These results indicate that the science achievement of students is
neither positively nor negatively affected by receivinginstruction in the second
language. Genesee (1976) reported that 1-year-lateimmersion students scored
as well as their English control peers on science tests, after controlling the
student samplesfor 1Q using analysis of covariance procedures. Swain (1978)
reported that early total-immersion studentsin Ontario scored as well as the
nonimmersion studentson standardi zed sciencetests. However, late-immersion
students were found to score significantly lower than the English-program
students at the end of the first year of the program, but they caught up by the
end of the second year. These students started the immersion program in
Grade 8 and studied the French language as a subject in Grade 7, just a year
beforeimmersion. A possibleinterpretation of thelagin the science achievement
of the immersion students at the end of Year 8 is that their second-language
skillsinterfered with thelearning of subject matter. Thisexplanationis supported
by the subsequent observation that there was no differencein achievement in
science, mathematics, geography, and history between the French-immersion
and English-program studentsin Grades 9 and 10.

These findings on the effects of immersion on academic achievement,
however, must be treated with caution for a number of reasons. Some of the
results(e.g., Andrew, Lapkin, & Swain, 1979; Swain & Barik, 1977) are based
on a small number of classes, and so the findings could vary according to
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class-specific factors. The content of standardized testsis not specific to the
curriculum of the schools studied. Moreover, these results are often based on
the performance of earlier grades, and thelong-term effects of immersion have
not been adequately assessed. In order to obtain results that could be
generalized to awider context, it would be preferabl e to conduct achievement
tests constructed according to the curriculum of the schools, on a larger
number of immersion classes, for alonger period of time.

In Cameroon, most schools use the official language, either English or
French (it varies by region), for instruction starting from the primary level.
This is a foreign language for most students. Gfeller and Robinson (1998)
report the results of a language-teaching project initiated in the 1980s to
compare the effects of teaching young children through their mother tongues
or through a foreign language. For the first 3 years of the primary school
curriculum, studentsin the experimental schoolslearned basic knowledge—
including reading, writing, and arithmetic—through their native language. At
the sametime, they learned the official language as a school subject. From the
fourth year onwards, the official language became the language of instruction,
although the native language was still used for the teaching of some subjects,
such aslocal culture, history, and geography. When the experimental classes
were compared with the control classes at the end of the first year, the
experimental students’ performancein French, the official language, wasthe
same as for the control classes. However, the students of the experimental
group were found to perform slightly better in arithmetic than students of the
control group. In addition, they had learned their own native language. These
students also showed preference for learning through their own language
rather than through the official language because they could express
themselveswith more facility. Similar findings are reported in studiesin other
African countries that use similar language policies to revive indigenous
languages through early immersion programs (Bunyi, 1999; Collison, 1975;
Ehindero, 1980). In contrast to the Canadian findings, these results suggest
that early immersion may have negative effects on the learning of content
subjects, probably because the children are still not proficient in the second
language.

The language situation in the Philippinesis multilingual in nature, with
the vernaculars used at home and in the neighborhood. Filipino isthe national
language, a symbol of unity and linguistic identity, whereas English is the
language of academic discourse and business. The schools use both Filipino
and English. Filipino is used for most subjects, which are mainly related to
social studies, while English, the second language, is used for instruction in
science and mathematics. For subjects taught in English, the performance
ranges from average to below average, with a score of 50% in mathematics
and 40% in science. While the poorer performance in science has been
attributed to inadequate proficiency on the part of the teachers (Gonzalez &
Sibayan, 1998), the results also suggest that science learning is hindered by
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the low English proficiency of the students and teachers. English belongs to
atotally different language family than Filipino, and competencein Englishis
closely related to socioeconomic status. Children of the poorer classes, due
to poor teaching and living conditions, are seldom functionaly literate in
English for carrying out higher cognitive activities that are required for the
effectivelearning of science (Gonzalez, 1998).

Foreign-languageimmersion programsin elementary schoolsin the United
Stateshave grown significantly sincethe early 1970s. Most immersion programs
involve Spanish, asthere are alarge number of Spanish-speaking immigrants
from Central and South America, but there area so programsin French, German,
Japanese, and Chinese. These programs are mainly early total immersion or
early partial immersion, in which only half of the school day is spent in the
immersion language. According to Met and L orenz (1997), teachersinvolved
in partial-immersion programs reported that their students could handle
concrete objectives in the immersion language in the primary grades, but
students were frustrated in the learning of abstract conceptsin higher grades,
probably becausetheir cognitive development was at alevel higher than their
language proficiency. To facilitate learning in higher grades, some teachers
used English when dealing with abstract concepts or allowed their students
to communicatein English. These observations point to the need for matching
the cognitive demand of the subject curriculum with the second-language
ability of the studentsin order to achieve desirable effects of immersion. The
same problemisalso observed in Hong Kong. When dealing with more abstract
or complex conceptsin content subjects at the senior secondary levels, many
EMI teachers tend to use a mixed code of Chinese and English to enhance
student understanding because they believe that the English proficiency of
many studentsis not sufficiently developed to enable them to think abstractly
in their second language.

Meta-analysis is a statistical procedure that can assess the effect of
variations in programs. Using this technique, Willig (1985) compared the
bilingual programs conducted in American schoolswith traditional programs,
in which non-native English-speaking students were taught exclusively in
English. After controlling for prior student differences, minority-language
students who were taught in their native language performed significantly
better than their English-taught peers throughout the curriculum, such asin
reading, language, mathematics, and overall achievement. The bilingual
students also showed more positive attitudes towards self and the school.
However, such programsare significantly different from theimmersion models
implemented in Hong Kong and other places, as they aim to protect and to
develop children’s native languages while devel oping the majority language.
Another important aim of these programs is to build ethnic identity in the
minority-language children in amajority-language society (Fishman, 1989).
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Although not one single study in this meta-analysis included science
achievement, these findings suggest that children can learn more effectively
intheir mother tongue than in asecond languagein certain contexts. A criticism
of Willig's meta-analysis is that it only included 23 studies, which showed
great variation in the nature of students, the social and cultural ethos of the
program, and the variety of language intake within the programs. For example,
some programs start with children at asimilar level of language skills. In other
programs, the children start at different language abilities, making classroom
teaching more difficult. Such variations make simple generalizations difficult
and unreliable.

Inalarge-scale study involving 9,095 secondary school studentsin Hong
Kong, Siu et al. (1979) investigated the effects of language of instruction on
student learning and cognitive development. Four lessons each of
mathematics, science, and world history were designed and taught to classes
ineither English or Chinese. Theresultsindicated that theuse of CM| facilitated
intellectual development, and the CMI students generally learned subject
matter more effectively than the EMI students. However, MOI did not seemto
cause any significant difference in the acquisition of subject knowledge for
the high-ability students or among the low-ability students. The validity of
these conclusions is questionable because the fundamental assumptions
underlying the study were flawed. The studentsin this study were not in fact
learning consistently through either language. In the EMI classrooms in
particular, the students normally studied through mixed code. Furthermore,
the conclusions drawn from an experimental situation of learning in Chinese
or Englishfor only four lessonsareinvalid for implying thelong-term effects
of MOI. Drawing on similar studies, research on the Canadian immersion
programs, for example, has shown that immersion studentsrequire5to 7 years
to catch up with the nonimmersion studentsin achievement inthefirst language
and in content subjects (Cummins & Swain, 1986; Genesee, 1987).

InLo’sstudy (1991), standardized tests were used to assess achievement
in Chinese, English, and mathematics. The mean achievement scores of 2,638
Secondary 3 (S3) students in each subject were compared according to the
MOI used inlessons. Studentstaught in Chinese showed higher achievement
in mathemati cs than those receiving either English-only instruction or mixed-
code instruction in Chinese and English. However, there was no significant
difference in mathematics achievement between the students instructed in
English and those instructed in the mixed code. One interpretation of these
findings is that CMI facilitates mathematics learning because students and
teachers can communicate and interact more effectively in Chinese than in
English during lessons. It isthusinferred that CM| would have even greater
positive effects on the learning of other nonlanguage subjects that are more
verbal and less symbolic and figural in nature. An unexpected result from this
study isthat studentsreceiving instruction in mixed code demonstrated greater
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achievement in English than those receiving instruction in English. A number
of reasons have been proposed to account for the positive effect of mixed-
codeinstruction relativeto instruction in English. For instance, the S3 students
might not have reached the required level of English proficiency for them to
benefit from instruction in English, or the teachers might have lacked the
English competency required for effective instruction in English. Based on
his findings, Lo proposed that it is not advisable to abolish mixed-code
instruction in content subjects, and that well-planned language teaching is
more effective than immersion in promoting the devel opment of competence
in English for secondary students, including those with high ability. The
conclusionsfrom this study should, however, be viewed with caution because
the sample sizes of the different groups are not comparable, and the
comparisonswere made without controlling for students’ initial differencesin
academic ability. Furthermore, the validity and reliability of the achievement
tests for Chinese, English, and mathematics, which were constructed and
administered by the Education Department, have not been verified.

Inarecent study involving more than 12,000 secondary studentsin Hong
Kong schools, Marsh, Hau, and K ong (2000) traced the achievement of native
Chinese-speaking students in EMI and CMI schools in language subjects
and content subjects for 3 years starting from S1. While the CMI schools
basically used Cantonese for teaching, the medium of instructionin the EMI
schools varied greatly according to the ahilities of students. For many EMI
schools with less able students, the teachers might use mainly Cantonese or
amixed code of Cantonese and English for teaching content subjects, though
thetextbooks and the examinationswerein English. Prior student achievement
was based on a placement score that represents an aggregate of achievement
of astudent in all academic subjectsat the end of primary schooling, moderated
by external examinations. In each of the 3 yearsfollowing entry into secondary
school, the Education Department administered standardized achievement
testsin English, Chinese, mathematics, science, geography, and history. The
achievement tests were administered to al students near the end of the school
year (May to June) in thelanguage of instruction in which the student studied
the particular subject.

Marsh et al. (2000) report the findings as follows: After controlling for
students’ prior ability and other factors, comparison of students' achievement
indicatesthat EMI had positive effects on English proficiency and, to alesser
extent, Chinese proficiency. However, the effects of EM| were negativeon all
other subjects, being relatively slight for mathematics and greater for history,
geography, and science. The positive effects of EMI on English and Chinese
achievement were expected. These results support the parental belief that
immersion in English promotesthe devel opment of both English and Chinese.
However, apossible reason for the strong negative effects of EMI on history,
geography, and science is that these three subjects are new content areas for
secondary students. Learning these subjects in a second language is
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particularly demanding for students because they have to master the basic
terminology aswell asdevelop conceptual understanding of the subject matter
and comprehend the textbooks in English. The results also suggest that the
English-language skills of the EMI students might beinsufficiently devel oped
to cope with the complex curriculum materialsin these content subjects. These
problems are | ess serious with mathematics, as mathematicslearning involves
the use of symboalic terminology that may not be so dependent on thelanguage
of instruction. For history, geography, and science, the negative effects
associated with instruction in English were the sameirrespective of students’
initial academic ability. However, studentswho wereinitially more proficient
in English were less disadvantaged by instruction in English (Marsh et al.,
2000).

A problem with the design of the Marsh et al. study, which might affect
thevalidity of datainterpretation, isthat many of the so-called English-medium
schools used Chinese or mixed code for instruction, so only asmall number of
the EMI schools were truly English-medium. Given that in the Marsh et al.
study, most EMI schools were in fact mixed code, it is necessary to analyze
student achievement in these two types of EMI schools, English-only and
mixed code, separately in order to determine the effects of English-medium
instruction on the learning of content subjects and to identify the optimum
conditionsfor effective English immersion. Nevertheless, the findings of the
study suggest useful criteriafor identifying students who would benefit from
English immersion, for example, postulating that the negative effects of
instruction in English would be minimized if the selection of students into
EMI schoolsis based on prior English ability.

While the findings of the above studies regarding the effects of MOI on
student achievement are inconclusive and sometimes conflicting, some
generalizations can be drawn to guide policy making on the medium of
instruction for schools in Hong Kong. There is evidence that instruction in
English or in mixed code has negative effects on learning for low-ability
students. However, the negative effects may decrease as students’ English
proficiency improves. For high-ability studentswho have reached athreshold
proficiency in both languages, using English asthe MOl may enhance language
acquisition, particularly in English. For these students, achievement in different
content subjects may be affected to a lesser degree.

The Education Department’s rationale for the 1997 language policy is
consistent with these findings. The designation of most secondary schools
into the CM1 stream and asmall number of schoolsinto the EMI stream, and
the strict observance of the language of instruction, are based on the
observation that children learn best in their mother tongue. L earning through
English, a second language to the Chinese students, can be effective only
when the students have reached an adequate level of English proficiency.
Thispolicy can hopefully provide an optimal |earning environment for students
of different language proficiencies and capabilities.
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Design of the Study

In order to investigate the effects of the MOl policy onthe sciencelearning
of secondary students, the present study tracked the progress in science
achievement of a cohort of studentswho entered S1in September 1999 for 3
consecutive years. The science achievement of the studentsin the different
MOI streams was assessed by a written test near the end of each academic
yearin S1, S2, and S3.

The 100 secondary schools involved in this study were sampled by the
stratified random sampling method. Twenty-five schools were randomly
selected from the 114 EMI schools, which in general take in students of the
highest academic ability. Approximately 300 CMI schoolswere divided into
high-, medium-, and low-ability strata(CHIG, CMID, and CL OW) according to
the mean Academic Aptitude Index (AAI) scores of their S1 student intake.
TheAAl of astudent isascore based on the student’s academic performance
in school-based examinationsin Primary 5 and Primary 6 (Grades5 and 6), the
last 2 yearsof primary education, moderated by apublic aptitude test. Twenty-
five schoolswererandomly selected from each stratum, resulting in atotal of
75 CMI schools. This sampling design ensured that the study would cover a
representative sample of junior secondary school studentsintermsof academic
ability.

The study used both quantitative and qualitative methods to assess the
effects of the MOI on science learning. The quantitative study was based on
the performance of the four school strata on the multiple-choice and free-
response questions in the science achievement test administered for 3
consecutive years starting in the 1999-2000 academic school year. The
Education Department provided the AAI scores of the students participating
in this project, which served as a measure of students' pretest scores of
academic performance.

The quantitative part of this study was complemented by a student
guestionnaire eliciting their self-concepts and feelings of competence in
science. Thisgave ussomeindication of students' psychological development.
The questionnaire a so explored the classroom climate. In addition, we observed
science lessons for asmall number of schools selected from the EMI, CHIG,
and CMID strata. The CLOW schools were excluded from the lesson
observation exercise because the students at these schools tend to have a
poor attitude toward learning, and there are more serious classroom management
problems that may interfere with the comparison of MOI effects. [The
qualitative part of the study, i.e., lesson analysis, will be presented in aseparate
paper.] Some lessons were videotaped for further analysis. The information
collected from questionnaires and from classroom observations regarding
classroom climate provided some insightsinto the effects of the MOI on the
differential science achievement of the EMI and CMI students.
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Compared with previous local studies on the effects of MOI on science
learning, the present study is more systematically and vigorously designed.
Its methodology has the following strengths:

1. Theprojectinvolved alongitudinal study of alarge representative sample.

2. Thedifferencesin prior achievement of individual students, in terms of
the AAI, and other student variables were controlled.

3. Theuseof multilevel modeling technique allowed better differentiation of
the effectsof individual studentsand schoolsthan the multipleregression
analyses used in many of the previous studies.

4. As no mixed-code teaching is allowed in the new language policy, the
effects of the MOl on student learning can beidentified more accurately.
Interviews with teachers and students indicate that since the
implementation of the new policy, mixed codeisgenerally not practicedin
science lessons, though occasionally teachers may use Chinese to
supplement their English explanationswhen teaching difficult or abstract
concepts.

5. Thenew policy ensures that most studentsin EMI schools have reached
a threshold level of English proficiency (based on conclusions drawn
from previousresearch, e.g., Brimer et a., 1985; Education Commission,
1990). This alows for a more valid evaluation of the effects of late-
immersion programs on the development of additive bilingualism and
acquisition of subject contents.

Focus of the Present Paper

This paper will be the first of a series of publications on the results of the
study of the effects of the MOI policy on science learning in Hong Kong. It will
focus on the performance of the 1999 cohort of students on the S2 Science
Achievement Test (SAT) conducted inApril through June 2001. Thedataanaysis
includes: (&) multiple comparison of themean performance onthe S2 SAT among
thefour school strata(i.e., EMI, CHIG CMID, and CLOW); (b) multilevel analysis
of factors affecting students' science achievement in S2; and (c) item analysis of
students’ performance onindividua multiple-choiceand free-response questions
of theEMI and CHIG dtrata.

Design of the Secondary 2 Science Achievement Test

The 1999 cohort of studentsentered S1in September 1999. Between April
2001 and June 2001, these studentstook the S2 SAT, after the new MOI policy
had been in effect for amost 2 years.

The S2 SAT consists of two parts. Part A contains 26 multiple-choice
guestions with a total score of 26 marks (the equivalent of “points’). Each
question has four options. This part assesses students’ knowledge and
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understanding of science. Part B contains three free-response questions with
atotal score of 9 marks. For the questions on this part, students are required
to organizetheir ideas and present them accurately and concisely. Thismeans
that these questions assess students’ higher cognitive and communicative
skillsaswell astheir knowledge and understanding of science. The questions
in both parts are mainly based on the content of the Hong Kong S2 science
curriculum (Curriculum Devel opment Council, 1986). The questionson the S2
SAT show a satisfactory reliability with a Cronbach value of .63.

The CMI students took the Chinese version of the achievement test.
However, two versions of the test had been prepared for the EMI students, in
order to study the impact of the test language on their understanding and
interpretation of the written questions. Most EMI students were given the
bilingual test with questions presented in both English and Chinese. They
were allowed to answer in either English or Chinese for the free-response
guestions. At the sametime, about onethird of the EMI studentsin each class
were given the test in English only. The English-Chinese and English-only
versions of the S2 SAT were distributed randomly in the class during the data
collection process.

Some may argue that having three versions of the S2 SAT may have
confounding effects on the study. Initially, we had considered giving both
EMI and CMI students the test in Chinese, but we found that many EMI
students had greater difficulties in understanding the questions written in
Chinesethanin English (for moreinformation, see Appendix). Onereason for
this might be that the EMI students |earned the science content, terminology,
complex discourse, and grammatical structures in English; thus, they were
unfamiliar with the content when it was written in Chinese. Therefore, we
concluded that EMI students would be able to better understand the science
guestions written in English than in Chinese, and that EMI students would
prefer the questions in English rather than in Chinese. However, we felt that
bilingual questions would be helpful so the EMI students could refer to the
Chinese version when they encountered difficult English expressions.
Nevertheless, it should be acknowledged that using three language versions
of the science test may confound the results by introducing variables other
than students’ scientific knowledge that may affect students' performance.
For example, the EMI students might experience greater difficulty in
comprehending certain questions, or in communicating their ideas and
argumentsin the free-response items, if they chose to respond in English.

Analysis of Student Performance on the Secondary 2 SAT

Students' performance on the S2 SAT was examined by two different
statistical methods and item analysis.



Multiple Comparisons of Mean Scores of Academic
Aptitude Index and Science Achievement

The 100 participating schools were divided into four strata according to
their medium of instruction and students’ initial academic abilitiesat S1 entry:
theEMI, CHIG, CMID, and CLOW. The EMI stratum consists of schoolsthat
use English asthe medium of instruction; the CHIG, CMID, and CLOW schools
use CMI. Initially, the AAI means of the studentsin the four strataindicated
that the S1 students of thesefour stratafell into four distinct levelsof abilities,
the highest being in the EMI stratum and the lowest in the CLOW stratum.
Thedifference between the AAI mean of any two successive strataissignificant
at the .001 level for all cases (see Table1).

Tablel

Mean Academic Aptitude Index of School Strata and Differences
Between Mean Academic Aptitude Index of Successive Strata

EMI cHic | cmip | cLow
N 4716 4614 4347 3939
Mean 11581 | 10845 | 9907 | 8366
Standard 15 15 16 16
error

_ EMI ; 735+ | 1673 | 32.15¢
Differences
of the CHIG ; ; 038 | 24.80*
means

CMID ; - ; 15.42*

*The difference of the meansis significant at the .001 level.

If the students progress at a similar pace in science learning through S1
to S2, the science achievement scores of the students of the four strata near
theend of S2 should correlateto students' initial academic abilitiesasindicated
by their AAI scores. This means that the students of one stratum should
perform better than those of the next lower stratum. Table 2 shows whether
this is the case by comparing the mean scores of the S2 SAT of any two
successive strata.



Table?2

Mean Science Achievement Scores of School Strata and
Comparison of Mean Scores

EMI CHIG CMID CLOW
N 4624 3630 4552 3969
Mean (%) 4491 48.98 4311 35.64
Star_1d§rd 12.54 13.23 13.90 14.08
deviation
) EMI - -4.07* 1.80* 9.27*
Differences
of the CHIG - - 5.87* 13.34*
means
CMID - - - 7.469*

*The difference of the meansissignificant at the .001 level.

Table 2 shows the mean scores of the four school strata on the S2 SAT
and the analysis of variance of the mean scores among the four strata. Among
the three CMI strata, the performanceis closely related to the initial student
abilitiesat S1 entry, asthe mean score of each stratum is significantly higher
than that of the next lower stratum, that is, CHIG > CMID > CLOW. However,
the students in the EMI stratum performed less satisfactorily than the CHIG
stratum, and the difference between their mean scoresissignificant at the .001
level. The EMI students not only failed to maintain a higher achievement in
science than the CHI G students after 2 years of secondary education, but also
showed asignificantly lower performance on the S2 SAT.

A preliminary conclusion from thisanalysisisthat the EMI studentswere
hindered in science learning by receiving instruction in English, or the CMI
students were facilitated in science learning by using Chinese as the MOI.
This observation challenges the initial assumption held by the Education
Department that the EMI students, who have a higher AAI, are capable of
learning effectively in English.

Multilevel Analysis of Factors Affecting Science Achievement

To make a quantitative comparison of the effects of MOI on science
achievement among the four school strata, it is necessary to use a statistical
technique to control and identify the effects of students' prior attributes that
may have significant effects on students’ performance. Thiswill measurethe
science achievements of the different school strata on the basis of acommon
index. The analyses involve two levels of variables, one at the individual
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student level, such as pre-entry ability and gender, and the other at the school
level, such as the school mean AAI and the MOI. The statistical technique
needed for such analysesis multilevel analysis (Bryk & Raudenbush, 1992;
Goldstein, 1987). More specificaly, the statistical program Hierarchical Linear
and Nonlinear Modeling, Version 5 (HLM5) (Raudenbush, Bruk, Cheong, &
Congdon, 2000), isused here. By examining the effects of different variables
on the science achievement scores, we can construct a baseline model for
genuine comparison among the sampled schools. From the baseline model,
we can calculate the value-added measures of the sampled school stratain
science achievement. By computing the value-addedness of the schools in
the four sampling strata, we can compare the degree of improvement of
students’ science achievement in schools adopting either Chinese or English
asMOl.

Effects of Academic Aptitude Index on science achievement

The first set of hierarchical linear models constructed is a two-level
hierarchical model for students nested within schoals. It isdesigned to examine
the effects of prior ability on science achievement, and does not include any
explanatory variables such as gender or socioeconomic status of the students.
The independent variables are individual students’ AAI and schools’ mean
AAIl, and the dependent variable is the achievement scores on the S2 SAT.
Thisbaseline model showsthe degree of segregation, or segregationindex, in
students’ initial academic ability among the sampled schools (see Table 3).
According to Willms and Raudenbush (1989), segregation index is the
percentage of total variancein avariablethat lies between schools, that is, the
ratio of between-school sum of sgquares to the total sum of squares.

Table3
Partition of Variance in Science Achievement Scores
AAl Science achievement scores

Student-level variance 439 767
School-level variance .922 .237
Percent of within-school 32.26 76.39
(student-level) variance
Percent of between-school 67.74 23.61
(school-level) variance
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The total variance s;* of the test scores is made up of two components,
the student-level variance s, and the school-level variance s/, that is, s, =
s + s The segregation index of AAI shows that Hong Kong students are
highly segregated in academic ability when they enter secondary schools.
The high percentage of between-school variance (67.74%) indicates that two
thirdsof thetotal variance of AAl isamong schools, and only onethird of the
total variance (32.26%) is among students within schools. This means that
students within each school arerelatively homogeneousin terms of academic
ability, while the schools show wide variation in the academic ability of their
Slintake.

For the science achievement of the student cohort of this study, the
segregation index is 23.61% (see Table 3), which is much lower than the
segregation index for AAI. Thisindicatesthat theinitial wide gap in students’
academic ability among the sampled school s narrowed over timewith reference
to science achievement. A possible interpretation of this finding is that the
EMI students, though they began with higher initial ability, were handicapped
in science learning when the MOI was a second language. Conversely, a
possible explanation for the CMI students' gain in science achievement is
that they were able to learn science more effectively in their mother tongue.
Thus, the gap in science achievement between EM| and CMI schools narrowed
after 2 years. This interpretation can be tested by item analysis of the
performance of the EMI and CMI students on the S2 SAT.

Apart from the baseline model, it is al so meaningful to examine students’
background and the contextual effects of AAI on science achievement. Inthe
present study, these refer to the effects of individual students’ AAI and the
school mean AAI respectively. Theresultsof the HLM analysis are summarized
inTable4.

Theresultsin Table 4 show that the effects of individual AAI and school
meanAAl arestatistically significant. Theindividual AAI hasapositive effect
on science achievement. Asthe AAI of individual studentsincreased by one
unit of standard deviation, the science achievement score increased by .561
of astandard deviation unit.
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Table4

Effects of Prior Ability on Science Achievement Scores

Null M odel M odel 1

Fixed effects Estimate | Sandard error Estimate St:rnr(lzird
Pupil level

(Level 1)

Intercept 458 .049 .535* .033
AAl .561* .019
School level

(Level 2)

AAI effects on - 175 038
mean scores

Random effects | Esitmate | df | Chi-square | Estimate | df | Chi-square
Level 1 variance 767 .707

Percent of Level

1 variance 7.86

explained

Level 2 variance .237 99 | 4799.888 .104 98 | 1201.385
Percent of Level

2 variance 56.28

explained
*The difference of the meansis significant at the .001 level.
Science Learning of Hong Kong Secondary Students 311




However, the contextual effect of AAI on science achievement is much
different. The coefficient (-0.175) for the effect of the school mean AAI on
science achievement is statistically significant but negative in value. The
negative value indicates that the school mean AAI has a negative effect on
the intercept, implying that a higher school AAI mean is associated with a
lower science achievement score. Thisapparently irrational relationship may
be a consequence of the different MOI, that is, mother tongue versus
instruction in asecond language. It seemslogical that students with a higher
initial ability will demonstrate higher science achievement as supported by
the results in Table 2, which show that among the CMI schools, the science
achievement of students correlated with the academic levels of the school
strata. However, though the EMI students started with a higher initial ability
than the CHIG students, the EMI studentsdid not perform aswell asthe CHIG
students on the science test. One reason for this discrepancy may be that
whilethe EMI schoolsinitially had ahigher mean AAI than the CMI schools,
the students at EMI schools may have been handicapped in their science
learning due to instruction in English because they are less proficient in
English than in Chinese. This interpretation would be consistent with the
observation that the science achievement of the student cohort has a much
lower segregation index than that of AAL.

Effects of sampling strata on science achievement

In order to differentiate the school contextual effects on science
achievement, we can replace the school mean AAI with three dummy variables.
Thedummy variablesarethe CHIG, CMID, and CLOW strata, using the EMI
stratum asthe reference point. When these dummy variablesareinjected into
the baseline model to replace the school contextual measure, that is, school
mean AAI, anew hierarchical linear model is constructed. This model will
enable us to compare the EMI students with the students of the three CMI
school strata, with respect to their performance on the SAT, and compute the
magnitude of the effects of MOI on science learning. The equations for this
multilevel regression model areasfollows:

Level 1 model: Y =D, + b, (ZAAI) + b,(ZSES) + b, (Female) +r
Level 2 model: b =g, + g,,(ZAAl) + g ,(ZSES) + g,(CHIG) + g ,(CMID) +
9,s(CLOW) +m,

The effects of the sampling strata on science achievement as identified
by this hierarchical linear model are summarized in Table 5. At the student
level, student AAI has a positive effect on science achievement, whereas
being afemal e has asmall negative effect on science achievement. However,
the socioeconomic status of astudent’sfamily does not have any statistically
significant effect on science achievement.
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Table5

Effects of Sampling Strata on Science Achievement Scores

Null M odel M odel 1

Fixed effects Estimate | Standard error Estimate Sgrr%?rd
Pupil level (Level 1)

Intercept -.064 .048 -.483* 113
AAl .384* .017
Female -.080* .016
SES .003 .007
School level (Level 2)

AAI effects on mean 196 106
scores

SES effects on mean 047 074
scores

CHIG effects on mean 627 088
scores

CMID effects on mean 483+ 141
scores

CLOW effects on mean 777 935
scores

Random effects Estimate | df | Chi-square | Estimate | df | Chi-square
Level 1 variance .675 .638

Percent of Level 1

: . 5.45

variance explained

Level 2 variance .214* 94 | 5269.437 .080* 69 | 382.665
Percert of Level 2 62.60

variance explained

*The difference of the meansis significant at the .001 level.
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The coefficients of the three CM1 school strata on science achievement,
with referenceto the EMI stratum, are all statistically significant and positive
in value. The dataindicate that the three strata of CMI schools substantially
outperformed the EMI stratum in the science achievement test. More
specifically, the CHIG, CMID, and CLOW students outperformed the EMI
studentsby .627, .483, and .777 of astandard deviation in science achievement,
respectively, after controlling for the school mean AA.

This finding supports the previous implication that using EMI has a
hindering effect on science learning. Although the EMI students began with
ahigher initial academic ability thanthe CMI students, their English proficiency
may not have been high enough to enable them to learn science effectively.
Science involves a lot of abstract concepts and complex relationships, the
accurate use of scientific terminology, and the application of scientific
knowledge and skills to solve problems. All these demand a high level of
language proficiency (Gonzdlez, 1998; Rollnick, 2000). Thus, the CMI students,
who are ableto communicate effectively in their mother tongue, may have an
advantage over the EMI students in learning science.

Item Analysis of the Multiple-Choice and Free-Response Questions

How can we account for the unsatisfactory performance of the EMI
students in comparison with the CMI students? In what aspects are the EMI
students particularly constrained in sciencelearning? I sit related to the mastery
of scientific terminology, the understanding of abstract concepts, or the
development of higher cognitive skills? Oneway to seek the answersto these
guestions is to compare the performance of the EMI and CMI students on
individual items of the SAT. The CHI G students, despitetheir lower pre-entry
achievement, obtained a significantly higher science achievement score than
the EMI students. By performing item analysis between these two strata of
students, we can find some clues about the nature of the problems experienced
by the EMI students when they learn science through a second language
instead of in their mother tongue.

Multiple-choice items in which the EMI students
outperformed the CHIG students

Of the total 26 multiple-choice questions on the S2 SAT, the studentsin
the EMI stratum performed better than the students in the CHIG stratum on
only fiveitems(ltems1, 7, 8, 21, and 22). Thiswasasignificanceof p<.05or
lower (see Table6).

Most of theseitemsrequire direct recall or simple application of science
concepts. For example, Item 1 asks to identify the gas present in the greatest
amount inthe exhaled air; Item 7 requirestheidentification of substancesthat
turn blue litmus paper red; Item 8 is concerned with avisual problem caused
by adiet lacking vitamin A. The EMI students also outperformed the CHIG
studentsin questions that assess simple chemistry concepts, for example, the
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Table6

Multiple-Choice Items on Which English as the Medium of Instruction
Students Outperformed Chinese Medium of Instruction High-Ability Students

Item | Stratum | Mean | Sandard | Difference | Significance

deviation of the level
means
1 EMI .310 463 -.033 .005

CHIG 277 448

7 EMI .600 490 -.039 .003

CHIG 561 496

8 EMI .97 489 -.030 .031

CHIG .368 482

21 EMI 517 .500 -.030 .036

CHIG 486 .500

22 EMI .783 412 -.072 .001

CHIG 11 453

reaction between water and metals (Item 21), and the test for hydrogen gas
(Item 22).

Multiple-choice items on which the EMI and CHIG students
showed similar performance

For most of the multiple-choice items, the performance of the CHIG
students is as good as or better than that of the EMI students. There are 12
items for which the mean score of the CHIG stratum is comparabl e to that of
the EMI stratum (see Table 7).

Some of theseitemsinvolvethe application of science conceptsto explain
everyday experiences or experimental setups, such asto state the importance
of using awater bath for heating alcohol when performing the iodine test for
agreen leaf (Item 2), to account for the changes observed in a respirometer
(Item 13), to identify the conditionsfor producing an alkaline solution (Item
23), to explain why microscopic algae are abundant at the water surface (Item
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24), and to identify the forcesacting on agolf ball flying through the air (Item
26) (see Figure 1). Some items require the students to apply science concepts
to predict experimental results, such as identifying the paper card that will
burn most quickly under converged sunlight (Item 5), comparing theresistance
of wiresof different length and diameter (I1tem 15), predicting the brightness of
different light bulbs connected in series (Item 16) or in parallel (Item 19), and
estimating the effect of short circuiting on the brightness of light bulbs (Item
17) (seeFigure 1).

Table7
Multiple-Choice Items on Which English Medium of Instruction and Chinese
Medium of Instruction High-AbilitySudents Showed Comparable Performance

Item | Stratum | M ean | Sandard deviation | Difference of the means
2 EMI .268 443 -.018
CHIG | .286 452
5 EMI 459 498 -.072
CHIG | .531 499
6 EMI .300 458 -.038
CHIG | .338 1.383
u EMI 044 .205 -.001
CHIG | .042 202
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Table 7 (con’t)

Multiple-Choice Items on Which English Medium of Instruction and Chinese
Medium of Instruction High-Ability Students Showed Comparable
Performance

Item | Stratum | M ean | Standard deviation | Difference of the means

13 EMI 319 466 -.008
CHIG | .312 463

15 EMI 515 .500 -.010
CHIG | .505 500

16 EMI .652 476 -.023
CHIG .629 483

17 EMI 377 485 -.008
CHIG | .368 482

19 EMI 47 354 .000
CHIG 47 355

23 EMI 273 446 -.024
CHIG .297 457

24 EMI .638 480 -.027
CHIG .665 472

26 EMI .068 252 -.006
CHIG | .062 242
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Multiple-choice items on which the Chinese medium of
instruction high-ability students outperformed the English
medium of instruction students

For the remai ning nine multiple-choiceitems, the CHIG students performed
significantly better than the EMI students at alevel of significance of p <.05
or lower (see Table 8).

Table8

Multiple-Choice Items on Which Chinese Medium of Instruction High-

Ability Sudents Outperformed English Medium of Instruction Students

Item | Sratum | Mean | Sandard | Difference | Significance
deviation of the Level
means

3 EMI 604 489 -.056 .001
CHIG .660 474

4 EMI 513 .500 -.277 .001
CHIG .790 407

9 EMI .380 485 -.037 .003
CHIG 417 493

10 EMI .358 479 -.084 .001
CHIG 442 497

12 EMI .651 477 -.076 .001
CHIG 727 446

14 EMI .298 458 -.028 .038
CHIG .326 469

18 EMI 770 421 -.049 .001
CHIG .819 .385

20 EMI .842 .364 -.035 .001
CHIG 877 .329

25 EMI 722 448 -.043 .001
CHIG .765 424
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Some of theseitems are concerned with experimental designs. For example,
Item 3 requires the students to identify the aim of an investigation of
photosynthesis by comparing two experimental setups; Item 4 assesses the
concept of destarching aplant before the experiment; Item 30 asksthe students
to suggest how to obtain the results from a respirometer more rapidly (see
Figure?2).

For Item 3, students should know that sodium hydroxide removes carbon
dioxide from the jar, and they have to compare the two setups to find out the
effect of carbon dioxide on photosynthesis (Option D). A much greater number
of the EMI students than the CHIG students erroneously thought that the
experiment is designed to test whether water is necessary for photosynthesis
(Option B). This indicates that these students had not mastered the concept
of control in designing investigations, so they failed to appreciate the role of
the sodium hydroxide solution in removing carbon dioxide from the control
setup. Although destarching a plant is a basic precondition for experiments
on photosynthesis, the poor performance of the EMI studentsin comparison
with the CHIG students indicates the EMI students did not understand this
concept, and many of them erroneously thought keeping the plants in the
dark before the experiment was to allow time for the plants to absorb water
(Option B).

Items 9, 20, and 25 are concerned with the application of science concepts
inrealistic or unfamiliar situations. These questions assess the understanding
of and the ability to integrate various concepts rather than memory work (see
Figure 2). For example, Item 9 involves the identification of the ray diagram
that indicates a short-sighted condition. In order to answer this question
correctly (Option A), students need to determine the nature of light raysfrom
adistant object, and to identify the location of the image formed inside the
eyeball. A significant proportion of the EMI students chose Options C (32%)
and D (22%), indicating that many of them could not distinguish between the
effects of short sight and long sight.

Item 20 asks students to explain why a lighted candle goes out when
covered by ajar. While most students could point out correctly that it is due
to alack of oxygen (Option C), amuch greater proportion of the EMI students
than the CHIG students erroneously thought the accumulation of carbon
dioxideinsidethejar extinguishestheflame (Option B). Thisisapreconception
commonly shown by students beforethey receiveformal instruction on burning
(Driver, 1993). Theresult indicatesthat the EMI studentshave greater difficulty
than CMI students in understanding the concept of combustion. One reason
for this may be that it is easier for children to replace their informal
preconceptions with proper science concepts if they learn science in their
native language instead of in a second language.

Science Learning of Hong Kong Secondary Students 321



Item 25 assesses understanding of the cause of global warming, acomplex
phenomenon that involves a number of concepts such as photosynthesis
and greenhouse gases. A much greater proportion of the EMI students than
the CHI G students mixed up global warming with the depletion of the ozone
layer (Option D). This misunderstanding is widespread among students, and
it persists even after formal instruction (Potts, Stanisstreet, & Boyes, 1996).
The confusion probably arises from the fact that the two phenomena have
some common characteristics; for example, both are of global dimension and
have apartially common cause, in that CFCs damage the ozone layer and also
act as greenhouse gases (Stanisstreet & Boyes, 1996). The present result
provides further support to the above assertion that students can dispel their
informal preconceptions morereadily if they recelveinstruction intheir native
language rather than in a second language. This is particularly true for
alternative conceptions that are very resistant to change.

The EMI students performed more poorly than the CHIG students on
some multiple-choiceitemsthat appear to be quite straightforward and of low
cognitivedemand (Items 10, 12, and 18). Closer examination of these questions
reveals that they assess the understanding of the precise meaning of certain
concept terms in science. For example, when answering Item 10, which is
about the functions of the ear bones, the students had to distinguish between
the meanings of “to magnify vibrations,” “to transmit vibrations,” and “to
equalize the pressure on both sides of the tympanum.” The scientific
vocabulary very likely posesparticular difficulty for children learning through
aforeignlanguage. The EMI students might experience asimilar problem for
Item 12; they had to understand the scientific meaning of “force” and associate
it with the concepts of “gravity,” “friction,” “weight,” and “mass.” It is not
easy for children to distinguish between the everyday meaning of “force” and
the scientific meaning of “force,” particularly when the teaching is conducted
through a second language. Furthermore, the abstract nature and the subtle
differences between the meanings of some of these concepts are always
difficult for adolescent students. The same reason can also account for the
poorer performance of the EMI students compared with the CHIG studentson
Item 18, which assesses understanding of the science terminology concerned
with heat transfer, such as “radiation,” “conduction,” and “convection.”

Performance on the free-response items

Thefree-responseitemsrequire studentsto apply their scientific concepts
and organize their reasoning to explain various physical phenomena. Such
guestions have ahigh demand for concept understanding, high-level thinking,
and communication skills. The CHIG students performed better than the EMI
studentson all three items, and the differencesin mean scores are significant
at the.001 level (seeTable9). Thisimpliesthat the CHIG students had abetter
grasp of the concepts involved, and they demonstrated a higher ability to
integrate and articulate their scientific knowledge. This is reflected from a
comparison of the answers given by the two strata of students.

322 Bilingual Research Journal, 27: 2 Summer 2003



Table9
Performance of EMI and CHIG Students on Free-Response Items

Item | Stratum | Mean | Sandard | Difference | Significance

deviation of the level
means
27 EMI .649 .596 -.561 .001

CHIG 1211 .605

28 EMI 1.064 719 -.193 .001

CHIG | 1.257 .766

29 EMI 918 871 -.186 .001

CHIG | 1.105 941

Tota EMI 2.632 1.442 -.941 .001
score

CHIG | 3573 1.551

Item 27 asks students to explain why plants usually grow better in soils
that contain dead bodies of plantsand animals. When answering this question,
many CHIG mentioned the presence of dead organic matter and the
decomposition process, whereas only a small number of EMI students could
state these points. For Item 28, which asks students to explain why a stone
would drop more slowly on the moon than on the Earth, more CHIG students
than EMI studentswere able to compare the size or mass of the Earth and the
moon, and related thisto the difference in gravity on the stone. For Item 29,
which isconcerned with the rate of melting of aniceblock whenitiscovered
by a blanket, more CHIG students predicted correctly that the ice covered
with ablanket will melt more slowly and explained their answersintermsof the
heat-insulating property of the blanket.

When answering the free-response questions, the students had to
organize their thoughts and present them in alogical and concise way. The
EMI students apparently had greater difficulty doing this than the CHIG
students, as most of the answers of the EMI students were made up of
sentences with ambiguous meaning and isolated ideas. Furthermore, few of
the EMI students were capable of using appropriate concept terms for their
explanations, such as minerals, humus, decomposition, gravity, mass, heat
insulation, and heat gain. This shows that the EMI students had greater
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difficulty in mastering and using the terminology and language of scienceto
verbalize their ideasthan their CMI peers.

Conclusion

For the 1999 student cohort, analysis of variance reveals that the
differencesin mean scoresin the S2 SAT among the four school strataare all
statistically significant. Among the CMI schools, the mean scores occur in
descending order according to the sampling strata, that is, CHIG > CMID >
CLOW. Despite the higher mean AAI of the EMI stratum, the mean score of
the EMI students was found to be statistically significantly lower than that of
the CHIG students. In other words, the CHIG students demonstrated higher
achievement in science than the EMI students based on their performance on
the S2 SAT. Multilevel analysis shows that all CMI strata substantially
outperformed the EMI stratum in the S2 SAT after controlling for the school
mean AAl. These findingsindicate that using EMI has a potentially negative
effect on science learning and support the observations madeinlocal studies
(e.g., Johnson & Cheung, 1992; Johnson & L ee, 1987; Johnson & Yau, 1996)
that many of the EMI students did not have adequate English proficiency to
learn effectively in English.

A comparison between the performance of EMI and CMI students on
individual test items provides some clues as to the underlying causes for the
lower science achievement of the EMI students and, thus, helpsusto identify
some possi bl e problems associated with learning sciencein asecond language.
Item analysisreveal sthat the EMI students outperformed the CHIG students
only on asmall number of multiple-choice items, which made relatively low
cognitive demands. Despitetheir initial higher academic ability asreflected by
the AALI scores, the performance of the EMI students on most multiple-choice
itemswas similar to or less satisfactory than that of the CHIG students. These
items mainly assess understanding of abstract concepts, terminology used in
science, the nature of experimental design, and the ability to apply scientific
knowledgein realistic or novel situations. All theserequire high-level thinking
and the mastery of the language of science.

These observations thus provide evidence that the EMI students
experienced particular difficulties in mastering scientific terminology and
developing higher cognitive skills and conceptual understanding of science
subject matter, when compared with their CMI peers who learned science
through their native language. As MOI is the key difference between the
school setting of the EMI and CM1 schools, alikely cause of thelower science
achievement of the EMI students, relative to the CHIG students, is that their
language proficiency was not good enough for themto learn science effectively
in English. Thishurdlein science learning asincurred by learning through a
second language is also suggested by the much poorer performance of the

324 Bilingual Research Journal, 27: 2 Summer 2003



EMI students on the free-response items, which demand deeper understanding
and better communication skillsthan the multiple-choiceitems. Thesefindings
do not support the assumption madein the new language policy that students
of EMI schools are capable of learning effectively through English.

To appreciate the difficulties encountered by the EMI students, we should
bear in mind that these students experienced a sudden change in the MOI
from their native language to a second language when they began their
secondary education. Throughout their primary education, most EMI students
had been instructed in their mother tongue, Chinese, whereas English was
only taught as a single subject. While the EMI students were academically
more able than the CMI students at the end of primary schooling, they might
not have had sufficient English proficiency to learn a content subject such as
science in English. This view is substantiated by the findings of some local
studies. For example, in Johnson and Cheung’s study (1992), designed to
compare achievements in Chinese and English using tests from the
International Association for the Evaluation of Educational Achievement,
they found that S3 students had alower standard of reading in Englishthanin
Chinese. In another study, Johnson and L ee (1987) showed that about a third
of S3 students scored little above what could be achieved by chance on tests
of listening and reading in English, and that for the same student cohort, the
best scores on the English tests were equivalent to the lowest scores on the
Chinese tests. Even after 7 years of immersion in English, S7 students
demonstrated much better reading skillsin Chinese than in English (Johnson
& Cheung, 1995). As Hong Kong students in general achieve a much lower
standard of language proficiency in English than in Chinese, it is expected
that the EMI studentswill be negatively affected in their learning despite their
higher prior ability, at least in the initial years of immersion in English in
secondary schooling.

Thus, when students learn science in a second language that they have
not yet mastered, they are placed at a distinct disadvantage relative to those
wholearnintheir nativelanguage. Thisimplication issupported by thefindings
on students' performance on the SATsin thisstudy. It may bethat, for instance,
teachersin EM|I schools are seriously constrained in what they can present to
their students, and the EMI students may not be able to understand complex
conceptsin English. Furthermore, some teachers may not be able to present
thelesson content fluently and coherently in English. Whilemost EMI students
can master concrete concepts, their ability to construct, apply, and present
the more abstract and complex scientificideasin Englishisfrustrated by their
limited language proficiency (Willig, 1985). These problemsof learning science
in a second language have been reported in a number of late-immersion
programs (e.g., Marsh et al., 2000; Met & Lorenz, 1997; Swain & Johnson,
1997).
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The above analysis and conclusions lead to further questions on the
possibleimpact of the medium of instruction on science learning:

1. What are the effects of MOI on the instructional activities in science
lessons? Can these effects account for the difference in science
achievement between the EMI and CM1 students?

2. Isthe constraint in science learning experienced by the EMI students
transitory or long lasting?

3. Will thegap in science achievement between the EM | and CHIG students
be narrowed after a number of years as the EMI students become more
proficient in English or more used to receiving instruction in the second
language?

4. Will the gap between the EMI and CM| students widen as the cognitive
demands of the science curriculum increase at higher secondary levels?

To seek answers to these questions, an important element of the present
study isto explore and identify the causesthat may haveled to the differential
science achievement of the EMI and CMI students. To do this, we need to
study the characteristics of science lessons as conducted in the EMI and
CMI schools. The classroom climate and nature of instructional activitieswill
have adirect impact on the process of learning. When conducting the S2 SAT,
the students were asked to respond to a questionnaire of 16 items, some of
which are concerned with their perception of the classroom climate regarding
sciencelessons. The responses on these items can provide useful information
on the effects of MOI on the processes of learning and teaching, such asthe
pedagogical styles of the science teachers and the types of activities carried
out during science lessons. Observation of science lessons can also help us
understand the realism of classroom contexts in EMI and CMI schools and
compare these classroomsin relation to the different MOI used. Other items
on the questionnaire explore students’ self-concept in science, whichisanother
important outcome of the learning process. These items will contribute to
identifying the effects of MOI on students’ motivation and interest inlearning
science, and their self-esteem and self-confidence in the subject.

Thus, through an analysis of student questionnaires and classroom
observations, we obtained some insights into the constraints and problems
of adopting EMI for science in the early years of secondary schooling in
Hong Kong. Such information will hopefully guide the development of
appropriate strategies for implementing the MOI policy for the EMI schoals,
so that their students can have a smooth and efficient transition from CMI to
EMI for the effective learning of science and other content subjects through
a second language.
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Appendix

In order to study the impact of test language on students’ understanding
or interpretation of written questions, two versions of the S2 SAT were prepared
for the EMI students. About one third of the EMI studentsin each classwere
given thetest in English, while the rest were given abilingual version.

With the data collected from these two versions of the test, we can split
the science achievement scores of the EMI studentsinto two parts, according
to the language versions of the test, and rerun the hierarchical linear model,
which enables us to compare each EMI group with the students of the three
CMI schoal strata with respect to science achievement. The results of this
analysisaresummarizedin Table Al.

The split-version model s on science achievement produce some significant
differencesin sampling-strata effects. All six coefficients of sampling-strata
effects on science achievement are significant and positive in values. When
the magnitudes of the coefficients between the two language models are
compared, the coefficient in the English-version model is larger than the
corresponding value in the bilingual-version model by about .3 of astandard
deviation. Thismeansthat the studentsin each of the CM| strata outperformed
the EMI studentstested with the English test version by amuch larger margin
(i.e., 0.3 of astandard deviation) than the EMI studentstested with the bilingual
test. In other words, the EMI students performed more poorly on the English
test version than on the bilingual version. This observation suggests that the
EMI students may experience problems in understanding certain questions
on the achievement test when they are presented in English, and, consequently,
their performanceisadversely affected. These problemsareless seriouswith
the bilingual test, as the students can refer to the questions in Chinese when
they fail to understand the meaning of a question written in English.
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When the achievement test in English was composed, the general level
of English proficiency of the EMI students had been taken into consideration,
and the test items were carefully constructed in simple English, avoiding the
use of difficult vocabularies and complex sentence structure as much as
possible. Nevertheless, the results indicate that some EM| students still lack
the basic English proficiency necessary for understanding simple written
English. It is very likely that such students will experience even greater
difficulties in understanding science subject content when the lessons are

conducted in English.
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TableAl

Effects of Sampling Strata on S2 SAT Scores—Two Versions of Test

Papers for EMI Students

Bilingual Version

English Version

Fixed effects

Pupil level (Level 1)

explained

Intercept 176* 240*
AAl .553* .558
School level (Level 2)

CHIB effects on mean 500 830+
scores

CMID effects on mean 313 625+
scores

CLOW effects on mean 501 816+
scores

Random effects

Percent of L1 variance 776 790
explained

Percent of L2 variance 7153 68.89

*Significant at .05 level
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