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Utilization of New Knowledge and Application of 
New Ideas in Education: A Discussion of the 
Vitalization of Education as a Profession and 
Discipline * 

Cho-Yee To 

It is a great honour to be invited by the 
National University of Singapore and the Insti- 
tute of Education to present the annual lecture 
in memory of Dr Ruth Wong, a most distin- 
guished scholar and dedicated teacher, who was 
greatly admired by her fellow educators in 
Singapore and elsewhere. Dr Wong believed 
that education is a deliberate process of social 
and cultural transmission. Those who work in 
education bear major responsibilities for the 
growth and welfare of the younger generation 
entrusted to them by society. Education itself 
needs to be reviewed, reinforced, and re- 
directed constantly. It is in this spirit that I 
chose my topic and developed my theme. 

The title of my lecture is the utilization of 
new knowledge and application of new ideas in 
education. I will discuss the need to vitalize 
education as a profession and as a field of study. 
The major means to make education useful and 
powerful is to generate new and valid know- 
ledge in education, and use that knowledge 
effe.ctively. I appreciate very much having this 
unusual opportunity to present my ideas to a 
large audience of experienced educators and 
distinguished scholars and to be stimulated by 
their comments and questions. 

I will begin with a general review of the 
current situation of education on the inter- 
national scene both as a profession and as a dis- 
cipline and follow this with a brief description of 
the critical problems that educators are facing 
today, I will then discuss the implications for 

education in Singapore and Hong Kong. (I am 
grouping the two societies together on the basis 
of the proximity of their geographical location 
and their similar cultural, political, and ethnic 
backgrounds.) In this world of diverse values, 
interests, customs, beliefs, and traditions, some 
attitudes are still universal. One of them is that 
peoples in all societies perceive the importance 
of education. Education has been viewed 
unanimously as a necessary institution in 
society and as the foundation for economic and 
political advancement. Indeed, education has 
been used as a collective technique for cultural 
transmission and social continuity. As historian 
H .  I. Marrow puts it, ''Education is a collective 
technique which a society employs to instruct 
its youth in the values and the accomplishments 
of the civilization in which they exist (Marrow, 
1956)." We do not have to cite the sayings of 
Confucius and Mencius, or Socrates and Plato. 
In fact, these ancient philosophers considered 
education so important that each dedicated his 
whole life to it. Today, no leader of any country 
or proponent of any social philosophy and poli- 
tical system would deny the need for education 
for his citizens and proper schooling for the pro- 
gress of his nation. Of course, we know that 
education as a collective technique appears in 
different forms in different traditions and socie- 
ties, and education is being used with various 
degrees of seriousness and effort. But, at least in 
theory, or on the surface, education is uni- 
versally considered important and necessary. 

This article is based on the Fourth Ruth Wong Memorial Lecture 
delivered at the National University of Singapore, 28 February, 1986. 
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Interestingly, however, while education has 
been valued highly everywhere, it has seldom 
enjoyed priority in financial and moral support 
commensurate with its responsibilities and 
functions. There may of course be a few ex- 
ceptions, and indeed, Singapore and Hong 
Kong may be two of these rare places, and we 
should feel fortunate. But in general, education 
lacks priority in the West as well as in the East, 
in industrialized as well as in agricultural socie- 
ties, in capitalistic as well as in socialist nations, 
and in developed as well as in developing or 
underdeveloped countries. For example, the 
education budget in Canada has been so tight 
that many teachers have been laid off in recent 
years and newly trained teachers, no matter 
how competent, cannot find teaching jobs. In 
the United States, reduction of resources allo- 
cated to schools in many parts of the country 
has necessitated drastic cutbacks or even 
elimination of educational programs (Mash- 
land, 1983). The areas that suffer most include 
music, the fine arts, extra-curricular activities, 
and even science. Salary increases for teachers 
have been slower than the pace of inflation in 
the past decade. In Britain, the situation is even 
worse. I was just told the other day by a col- 
league with close connections to the British 
Council that a teacher who has a degree and a 
one-year Postgraduate Certificate of Education 
earns between 500 to 1,0005 per annum less 
than a secretary who left school at 16 and did a 
one or two-year secretarial course. In China, 
which is supposed to have a long tradition of 
respect for the teaching profession, educators 
have found themselves at the bottom of the 
social scale. Normal universities (i.e., universi- 
ties that train graduate teachers) have experi- 
enced serious difficulties in recruiting bright 
students. Normal university students with 
ambitions for a better life study simultaneously 
for additional credentials through corres- 
pondence schools, planning to use the corres- 
pondence school's programs (such as in ac- 
counting, business, or foreign language) in 
their search for what they consider to be better 
employment opportunities than teaching. The 
importance of education is still stressed from 
time to time, but such statements now tend to 
be viewed by educators as cynical assertions 
without much significance. The morale of the 

profession as a whole is low, from classroom 
teachers to lecturers in universities, and, 
probably, officials in relevant government 
departments. In these circumstances, the per- 
formance of education cannot be expected to be 
good. In fact, in many countries, education has 
consistently been blamed for the academic, 
behavioural, and social inadequacies of youth 
and even for the lack of progress in the arts, 
sciences, and technology. Education has been a 
convenient target of criticism because it is res- 
ponsible for an essential service to society and is 
constantly open to public scrutiny. Ideally, 
education should be able to generate abundant 
intellectual energy to promote social progress; 
but in reality, the demands on education have 
been much greater than the resources and - 
talents made available to it. Therefore, the 
results have often been disappointing. 

Nowadays in countries such as the U.K. 
and U .  S .A., the terms "education, " educa- 
tionist, ' ' "colleges of education" may elicit un- 
desirable connotations such as triviality, redun- 
dancy, and anti-intellectualism. The general 
attitude towards education is that it is necessary 
but not exciting. It is something that must 
improve, but it does not deserve priority treat- 
ment because it has not performed well. Educa- 
tion will continue to exist, but its passive and 
unimpressive image will attract fewer and 
fewer talented people to join the profession. In 
these countries, education remains philo- 
sophically a high calling, but the social and eco- 
nomic status of its practitioners, as has been 
described, is degenerating into that of a sub- 
profession. 

Some efforts have been made recently to 
reverse this undesirable trend. For instance, in 
the U.S., several commissions and committees 
have been appointed and organized by govern- 
ment authorities or professional bodies to study 
the problems of public and higher education, 
including teacher education. Their reports 
have been published and circulated (Adler, 
1982; National Commission on Excellence in 
Education, 1983; U.S. Department of Educa- 
tion, 1984; National Commission on Excel- 
lence in Teacher Education, 1985; Jacobson, 
1985). Along with the analyses of findings are 
lists of suggestions and recommendations. 
However, these reports, while reiterating 
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society's need for better education, usually 
focus on the weakness of the educational system 
and offer negative evaluations and harsh cri- 
ticisms of the profession, instead of giving 
education an objective and sympathetic evalua- 
tion and recommending stronger support for its 
effort to improve and progress. As a result, 
pressure on education continues to increase. 
For those working in education, the sense of 
helplessness in coping with society's demands 
and expectations may eventually lead to a com- 
plete loss of confidence. 

The worst that can happen to education is a 
continuous dwindling of talents in the field. In 
the countries that I have mentioned, education 
has already suffered painfully as competent and 
experienced teachers join other professions, 
and there is a serious lack of interest in teaching 
as a career. It would not be too threatening if 
talent recruitment could balance the manpower 
attrition. It would, however, be disastrous if the 
best teachers continue to drop out steadily and 
the vacancies created by their resignations are 
filled by those who join the teaching force only 
because they cannot find other employment. In 
Britain, for example, many capable teachers, 
particularly those in science and mathematics, 
have left their schools for industry and busi- 
ness; others have emigrated (Hackett, 1986; 
Reporter, 1986). In the U.S.A., education is 
ranked at the bottom of the preference list on 
occupational choice (Krukowski, 1985; Pigge, 
1985); it is, of course, far below other conven- 
tional professions such as medicine, law, 
dentistry, and accountancy. 

Similar situations are emerging in other 
societies. Educators in Japan, for instance, are 
beginning to worry about the spread of this 
trend to their country. Teaching is no longer 
the highly respected occupation it used to be. 
Faculties of education in Japanese universities 
are facing an uphill struggle to obtain from 
university administration financial appropria- 
tions comparable to those allocated to other 
departments. Competing with other fields in 
the recruitment of top-rate students presents 
even more difficulties. As educators realize that 
it is getting more and more difficult to satisfy 
the public's demands for educational services, 
their worries are multiplied. Unlike twenty-five 
or thirty years ago, when women were largely 

confined to their households and took care of 
their children before and after school, now the 
school is expected to take a much larger share of 
responsibility for child development. Also, in 
those years, dissemination of knowlege and 
information was relatively slow. Nowadays, 
however, it is expected that school curricula will 
be constantly updated and finely categorized. 
Furthermore, the teacher's introduction and 
presentation of subject matter are expected to 
be as interesting, fluent, comprehensive, and 
perhaps as attractive as television programs. 
Indeed, when the expectations for education 
are excessively high, but the funds for educa- 
tion low, those involved .in education face a 
laborious task with little or no appreciation. 

Even in the most stable society where educa- 
tion is reasonably valued and adequately sup- 
ported, there is always the possibility that the 
system will fail to maintain pace with rapid 
social, political, and economic changes and will 
thus become vulnerable to criticism. For 
instance, in Hong Kong, education has been 
given relatively reasonable financial support. 
Hence, compulsory and free education has 
been made available to children up to the age of 
15 and subsidized education up to the age of 18 
in recent years. Because of the compulsory 
education program, less capable pupils who 
would have dropped out after elementary 
education at the age of twelve, stay in school 
much longer. As a result, the average scholastic 
standard, particularly in languages (Chinese as 
well as English) and science, has declined. 
Education, as a result of its own efforts to 
improve and extend its service to the public, 
has created a serious target for criticism. One 
might say that it is the educators' professional 
commitment which is the root of the problem. 
Since Hong Kong became a city over a century 
ago, Hong Kong has made its best progress in 
the past ten to fifteen years. This has been due 
mainly to a relatively liberal policy that allowed 
education to flourish, i.e., some educators in 
Hong Kong, including some officials in the 
government, took serious opportunities to 
improve the system substantially. They did 
not, however, win much recognition for their - 
efforts and accomplishments. And now as 
society is changing rapidly and swiftly, new 
problems present themselves in pace with the 
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changes. 
Presently, in addition to the issue of de- 

clining scholastic standards, the difficult and - 

frustrating issues that the Hong Kong educa- 
tors must face include the issue of bilin<gual 
education which is complicated not only by aca- 
demic arguments, but also by political con- 
siderations; the issue of moral education, which 
involves strong debate between religious funda- 
mentalists and traditional moralists on the one 
hand, and liberal intellectual and progressive 
educationists on the other; and the issue of civic 
education, in view of the prospect of 1997, 
when Hong Kong will be returned to China. 
Issues such as these highlight the inadequacies 
of the educational system and introduce added 
responsiblities for educators. 

Internationally, education as a profession is 
not very promising. Not only may education be 
unable to motivate or attract good young 
people to join the field, but worse still, it may 
lose its better workers. This may not be the case 
in our own societies at present. We must 
realize, however, that we will be influenced by 
whatever trends, good or bad, exist in the West 
and in our neighbouring societies. If education 
in our societies is affected undesirably, not only 
will all our schools and the whole profession 
suffer, but so will all the children and the society 
as a whole. We must therefore watch carefully 
the decline of the status of education in other 
societies, so that we can prevent it from 
happening in our own. 

To treat a disease, one must first identify the 
cause. The spread of passivism for education is 
like an epidemic. We realize that trends in de- 
veloped and industrialised countries will even- 
tually, sometimes very rapidly, travel to our 
part of the world, be they technological inven- 
tions, business and trades, foods, fashions, 
music, or movies. We have reason to worry that 
undesirable attitudes towards education will 
sooner or later affect our societies. Some things 
from the outside we welcome; but anything that 
will hurt our education or upset our efforts to 
rear our younger generation in a safe and good 
way should be warded off. It is therefore neces- 
sary for us to identify clearly the reasons that 

led to the decline of education in the West and 
review our own situation in education. There is 
a Chinese saying, "A piece of rock from other 
mountains can be used as a tool to polish our.  
jade; listening to and observing the sayings and 
signs of other countries will enable us to detect 
the trend for the future." It is my intention to 
review the problem with my fellow educators in 
Singapore and to suggest a certain positive 
approach for the future for ourselves, so that we 
will not replicate the failures of other societies. 

There are four basic causes for the degenera- 
tion of education. I have mentioned these 
causes briefly, but now I will focus on them and 
discuss them systematically. 

It would be ideal indeed to be able to treat all 
children individually rather than en masse. But 
only those teachers with a perceptive mind, a 
willingness to spend their time with children, 
and a strong sense of dedication can do this. 
Guidance and counselling are not the only 
major duties of a teacher. Teachers have to 
handle the subject matter and to do the 
teaching. To teach well, they will have to keep 
up with developments in their own specializa- 
tion and adapt the method of instruction in ac- 
cordance with changes of syllabus as well as the 
needs and interests of the class. 

Teaching has been further complicated by 
the competition of mass media personalities 
and programs. Children today watch television 
and listen to recorded popular music. These 
are extremely stimulating and entertaining. 
Children, accustomed to them, unconsciously 
compare their classroom experiences with these 
programs. While teachers should not compete 
with such entertainment, to do their work suc- 
cessfully, they will need to do something that 
teachers of the older generation did not have to 
do, that is, "de-program" children from their 
habit of information acquisition acquired from 
the mass media channels and reorient them to 
adopt a more serious attitude toward learning 
and thinking. This is again by no means an 
easy task. 

I have only mentioned the instructional, 
guidance, and counselling work of teachers. 
While that work alone is already heavy, society 
expects teachers to fulfil1 various other duties. 
Teachers must serve and satisfy many people 
- the children, the parents, and the public as a 
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whole. Their work is definitely not less com- 
plicated than that of accountants, dentists, or 
physicians. 

The complex nature of teaching could well be 
a treasure for the development of education 
into a most significant area of intellectual 
inquiry. But without adequate preparation and 
support, teachers must exert great effort to 
perform well. Just think about the general 
inadequacy of pre-service professional training 
and post-service staff development opportuni- 
ties in the educational systems in most societies. 
The preparation of teachers is considerably 
more limited compared with the training for 
other professions. It is given less time for both 
academic and practical training and with fewer 
resources to support i t .  

There is one last major reason why education 
has not been able to attract more capable people 
to join its forces. This is the most fundamental 
problem of education. All people concerned 
about education must deal with this problem 
honestly and thoroughly, if we are to work posi- 
tively for the future of education. This last 
major reason is that education as a field of aca- 
demic discipline and professional training has 
not yet matured into a fully intellectually sti- 
mulating and challenging discipline, compared 
with other traditional disciplines. 

Let us take physics as an example. Ancient 
scientific thinkers in their search to identify the 
material properties of natural substances even- 
tually ventured into seeking in rational prin- 
ciples the explanation of the multiforms of 
change. In modern times, the theoretical con- 
structions of relativity and quanta, have led re- 
searchers to inquire into new conceptions of the 
operations of nature. 

Studies in education, however, cannot be so 
exact or philosophical in any technical and 
accurate sense. Often terms and premises in 
education are difficult to define and describe. 
The concept of progressivism, for instance, 
could easily generate diverse and conflicting 
interpretations and explanations. As a program 
of professional training, education compares 
unfavourably with other fields because it is more 
empirical than scientific. Its effects have not 
been shown to be definitive or even obvious. 

Education as an independent field of inquiry 
has had a relatively short history. In the past, it 

was actually an extension of the activities of 
philosophers and thinkers. This was true in the 
East as well as in the West. In the West, Plato, 
Kant, and John Dewey, and in the East, Con- 
fucius, Wang Yang Ming, and Tsai Yuan Pei, 
all possessed double identities as philosopher- 
educators. It was only in the past century or so 
that education became a specialization in its 
own right. As a new field, the range and scope 
of its activities are unclear, yet its areas are 
many. Its subject matter and contents are vast 
and various; they are drawn from many pos- 
sible sources. The methods and techniques it 
uses to study these diverse areas are eclectic and 
borrowed largely from other disciplines. As a 
result, many sub-specializations in education 
have emerged in parallel to other conventional 
disciplines; for instance, corresponding to 
philosophy, there is philosophy of education. 
Similarly, there are studies in sociology of 
education, economics of education, anthro- 
pology of education, psychology of education, 
etc. All these subjects form the theoretical 
foundations of education. Teacher-training - 

programs contain method courses cor- 
responding to all the subjects taught in the 
school. This set of courses includes the teaching 
of language, mathematics, physical science, 
biological s~ience, etc. 

These two types of subjects or courses in . . 

education are well understood by my education 
colleagues in the audience here today. They 
would probably agree with me that all areas in 
education are practical and oriented to applica- 
tion. Education is unlike a conventional dis- 
cipline focused on basic research and seeking 
knowledge for its own sake. For this reason, - 

education is perceived by scholars in other 
fields as pragmatic and utilitarian, which some 
academicians regard negatively. Because of its 
eclectic approach to its materials and methods, 
education has not been accepted by traditional 
academicians as an academic discipline. In a 
university community, education, along with 
other vocationally oriented specializations, is 
often considered academically inferior. 

Because of the diversity of its subject matter 
and its eclectic approach, education tends to be 
extensive but superficial, practical but ambi- 
guous. These features are not particularly 
appealing to those who seek intellectual grati- 
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fication from an academic department, nor to 
those who seek definitive techniques from a 
professional school. 

The lack of intellectual appeal is, from my 
point of view, the most serious handicap of 
education in attracting talented people to the 
field. Until this limitation is removed, the 
chance for education to emerge as a sound dis- 
cipline and strong profession is not promising. 

Now that we have discussed the four major 
causes of the unattractivess of education as a 
profession and as a field of study, let us see how 
these causes may be eliminated. 

The first cause, poor economic rewards for 
educational practitioners, is difficult to remedy 
in countries where the situation has been 
allowed to worsen and to become ingrained. 
The discrepancies created by years of negle'ct or 
indifference have become so great that it would 
be a tremendous undertaking to elevate the 
salary scale and restructure the merit system of 
an enterprise as large as education. Indeed, 
even to make such a decision is tough for socie- 
ties suffering from the problem. Early action is 
required to prevent further decline in the situa- 
tion and irreparable damage. A single gen- 
eration is sufficient to wipe out completely any 
prospects for a better future for education, for 
one generation may see the retirement of all the 
competent educators who entered the profes- 
sion when the future of education was not so 
bleak and who did not abandon their original 
commitment. Desperate appeals have been 
sounded by those who have had the foresight to 
sense the danger. Societies facing such difficul- 
ties must take action to provide more generous 
support for education well before it achieves a 
better performance. As a matter of fact, this is 
perhaps the only sure initial way to improve 
education in a society. Simply asserting that 
education is important and that it must 
improve is useless. 

Improvement of the economic basis will lead 
to a corresponding change in social status, and 
consequently stronger motivation, better 
morale, and higher professionalism among 
educators will follow. The economic factor is 
not the only factor that I want to stress, but it is 
fundamental. 

If allocations for education are significantly 
improved, another cause of the unattractive- 
ness of education, that is, the difficult and com- 
plicated nature of the work, can be eliminated. 
For instance, teaching and counselling can be 
reduced to a reasonable load; pre-service pro- 
fessional training can be strengthened; in- 
service training programs can be arranged; 
supportive service can be provided; and the 
general working conditions of the educator can 
be improved. 

Two appalling situations disturb me most 
when I visit schools in different countries. First 
is the gross lack of reference material for the 
needs of teachers. Most of the schools do not 
even have the resources to keep a collection of 
professional journals, basic references, and 
instructional materials for their teachers. 
Second, most of the schools fail to provide suffi- 
cient office space for teachers to function as pro- 
fessionals. Teachers are often crowded into tiny 
two-shift staff rooms barely large enough to 
hold their textbooks and students' exercise 
papers. The staff room is often poorly furnished 
and is often used also as the teachers' canteen 
during lunch hours. It is definitely not an 
appropriate place for teachers to receive 
students, who go there often but are surprised 
by the lack of professional dignity in such a 
setting. The physical condition of teachers7 
rooms should be studied and the means to 
improve them should be developed. 

Here I should interrupt myself and take this 
opportunity to express my admiration for 
Singapore for its decision to upgrade the profes- 
sional standing of teachers a few years ago. As a 
result, educators in Singapore obviously enjoy 
a highly respectable and well-deserved status 
that your counterparts elsewhere would envy. 
And this judicious policy has yielded fine 
results. The morale and efficiency of teachers 
are high, and your education system's ability to 
attract the best candidates is among the highest 
in the world. This is my general impression 
after having visited a number of schools in 
Singapore as an external examiner in the past 
few years. 

In Hong Kong, the salary scale of educators 
is linked to the master scale of the civil service. 
As a result, educators receive reasonably ade- 
quate financial treatment. While university 
schools of education do not have problems re- 
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cruiting good graduates to enrol (only one out 
of four applicants has been admitted in recent 
years), there are signs, however, that the 
brightest university graduates look to other 
disciplines for their future. 

In considering how to make education a pro- 
mising field that will attract a large number of 
the best candidates to join its forces, the most 
fundamental question is how to change the 
intellectually unchallenging level of education 
as a field of study. To make education a signi- 
ficant area of study is a task that only the people 
in the field can undertake. 

Let us return to our earlier analysis. We 
noted that education is a relatively new area of 
study that draws its subject matter from various 
sources and borrows methods from all relevant 
disciplines. Its characteristics are that it is 
eclectic, inclusive, and utilitarian. It is difficult 
to define. It is difficult to relate effects to causes 
in such educational experiments as have been 
attempted, partly because of the number and 
complexity of variables. All these make educa- 
tion intellectually unappealing to some of the 
brightest of our young people. 

But let me suggest that we should not be pes- 
simistic. What are considered the weaknesses 
can actually be perceived as the strengths of 
education. From a positive point of view, 
education as a field of study can be understood 
differently as genuinely significant, as it is most 
important to the growth of individuals and the 
development of society. It can be understood as 
intellectually intriguing. Studies in education 
involve all aspects of human life, namely, bio- 
logical, psychological, cognitive, affective, his- 
torical, political, and so on. Education can be 
viewed as a field of inquiry that is unusually 
resourceful, because all disciplines, subject 
matter, as well as methods, could be relevant to 
education, for they are the outcome of human 
activities. Furthermore, education as a field is 
particularly interesting and promising not only 
because of its multidisciplinary characteristics, 
but also because of its experimental and evolu- 
tionary nature. It is not a static field; it is ever- 
changing. Education is human-centered. 
Education is a purposive process that requires 
various means to facilitate it. As to what 
method is suitable for what educational 
problem, that is a matter of intelligent choice. 
Hence, educational studies provide the most 

fascinating opportunity for the most intellectual 
and reflective mind to pursue. 

Adopting and confirming this view of the 
nature of education, one can immediately 
proceed to make education work accordingly. 
To change education to a more active, positive, 
and creative field, we have to generate new 
knowledge and ideas for use in education. To 
do so, significant areas of educational inquiry 
must be explored, and the methods of inquiry 
in education must be intelligently chosen, 
refined, and correctly used. 

The main theme of my lecture is this. The 
most fundamental, long-term measure to save 
education from its low status is to exploit its 
very nature by changing its areas of weakness 
into areas of promise and by converting educa- 
tion into an intellectually exciting field of study. 
By doing so, education will become a new 
frontier of knowledge. New knowledge and 
ideas can be applied to the educational process 
to achieve demonstrable results. With such 
supplies of intellectual energy, education will 
then become a stronger and more confident 
profession that could render truly valuable 
service to society. Its status assured, it can go on 
to experience entirely new problems. 

New knowledge that can be used to help 
develop subject matter and methods, and new 
ideas that are useful to form policies and plans 
for education are therefore most vital to the sur- 
vival and progress of education. New know- 
ledge and ideas are the products of inquiry and 
research in education. Thus I arrive at the most 
important point, that is, that educational 
research is the life line of education, on which 
the function and significance of education rely 
(To, 1985). 

Education is practical in nature. But being 
practical is not necessarily anti-intellectual, as 
many critics of education tend to believe. 
Phenomena related to human activities are 
naturally relevant to the needs and desires of 
man, and hence education can be practical and 
pragmatic. If education as a field of study or a 
profession employs logical and scientific 
methods to handle its problems, a process 
which requires vigorous exercise of human 
intelligence, it is certainly intellectual. The crux 
of the issue is more the approach taken and the 
method used, and not the objectives or goals. If 
education sometimes deserves to be criticised as 
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being shallow and anti-intellectual, it may be 
because the methods employed are defective. 

Even in societies where numerous and exten- 
sive studies in education are produced, educa- 
tional researchers may not always have a 
correct understanding of educational research 
itself. As a result, some research products are 
rated poorly, aggravating the questionable 
status of education as an established discipline. 
That diminishes the respectability of education. 
The major shortcoming is that some educa- 
tional researchers are not really well versed in 
scientific method, and mistake the collection 
and classification of data for research in itself. 
They do not know that sound educational 
research requires a coherent, consistent, and 
reflective process of inquiry, starting from the 
identification and definition of the problem, 
through hypothesizing, reasoning and testing, 
and proceeding to a tentative conclusion. In 
the process, skills and techniques must be 
employed critically, requiring careful adjust- 
ment and adaptation from time to time. 

Another major shortcoming in educational 
research is the use of simple methods to deal 
with complicated educational phenomena. In 
the seventies, the most often used methods 
in educational studies were questionnaire 
surveys, the indiscriminant use of which has 
made such surveys a laughing matter. We cer- 
tainly recognize that they are indeed valid and 
useful tools for simple projects, such as opinion 
studies. But to use surveys to determine the 
success or failure of a certain teaching and 
learning process and to identify the reasons for 
that success or failure is obviously a mismatch 
between method and subject. An appropriate 
analogy is the story of using a spoon to dissect 
an elephant. This reflects not only a serious lack 
of sophistication in research methods, but also a 
misunderstanding of the nature of the topic 
pursued. 

Another ordinary but serious mistake found 
in educational research (and actually in other 
social research) is constructing a research plan 
on untested theories. What is wrong is that in 
such studies, the popular theories were treated 
as universally valid. Studies of such a nature 
are unscientific and their findings and con- 
clusions misleading and useless. 

These inadequacies of and failures in 

research are actually the reason for the poor 
quality, and anti-intellectual character of 
certain educational studies. The way to correct 
this situation lies in more research in education 
and for education. I do not mean that trial-and- 
error should be the approach to take. What I 
suggest is that more and better opportunities in 
educational research should be provided for 
educators and that research into the research 
methods themselves should be conducted syste- 
matically. Confucius said that in order to 
achieve results efficiently and effectively, the 
tools must be correctly selected and sharpened. 
Research methods are themselves tools. Their 
strengths and limitations ought to be accurately 
understood, so that they can be properly chosen 
for specific purposes. They should be 
sharpened before using, and, as tools, research 
methods ought be refined and redesigned and 
even replaced when better tools become 
available. 

Concerning method, I want to emphasize 
that cooperative and multi-disciplinary ap- 
proaches to education research must be used 
more widely and extensively. As mentioned 
earlier, education is a broad field of human 
growth and activities. It draws its subject 
matter from the great variety of human experi- 
ence and employs methods developed in dif- 
ferent disciplines. Complicated educational 
phenomena can hardly be investigated and 
understood sufficiently by simple designs and 
methods conducted by an individual in a short 
time. Truly useful knowledge can be attained 
only through comprehensive and meticulous 
designs which employ appropriate methods 
controlled by specialists trained to use them. 

Recently a group of researchers in Hong 
Kong have experimented with cooperative, 
cross-disciplinary research and found the 
experience very rewarding. The project is on 
Physical Activities and the Quality of Life in 
Densely Populated Urban Areas (Cooperative, 
1985). It is a three-phased, long-term project 
which began five years ago. Phase One of the 
study of the physical fitness of children in Hong 
Kong successfully established baseline informa- 
tion on the health and fitness of school-aged 
children through measurements of urban 
stress, physical strength, academic motivation 
and achievement, personality characteristics, 
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and other quality-of-life factors. Some 7,000 
children were randomly selected from the city's 
primary and senior secondary schools. Phase 
One of the study was completed in 1984 and the 
report was published in 1985. The study pro- 
vided a wealth of information that could never 
have been obtained except through such a 
research effort. The study attracted the imme- 
diate attention of the local community, in- 
cluding policy makers and governmental depart- 
ments. Credit for its success does not go to any 
single individual, but to the over thirty re- 
searchers from a variety of specializations, such 
as education, physical education, medicine, 
public health, nursing, sociology, psychology, 
and computer studies. These people were from 
all the major institutions of higher learning and 
research establishments in Hong Kong. 

Phase Two of the project concerns the adult 
population. Reseachers in education continue 
to cooperate closely with other specialists, parti- 
cularly those in medicine and public health, on 
the more intensive and experimental section of 
the study. Phase Three, the intervention phase 
of the project, is being planned. Even though 
the study is not yet complete, those who have 
participated in the project as researchers, assis- 
tants, trainees, or even research subjects, are 
aware of the intellectual significance as well as 
the practical usefulness of a cooperative study of 
such magnitude and nature. Among the many 
benefits, the following are already obvious: the 
enlightenment of the concept of inquiry, the 
advancement in research methods and tech- 
niques, and the attainment of extensive 
research findings. Furthermore, this research 
project so far has been an excellent training 
ground for junior researchers, as well as a com- 
fortable forum for scholars of different back- 
grounds to interact with one another. Another 
result is that educational researchers and those 
from other fields have come out of their intel- 
lectual and professional isolation. 

Indeed, creative use of research methods will 
not only generate more and better knowledge, 
but will also help establish direct intellectual 
linkages between education and other fields. 
There has been a conservative concept of 
education that equates education with teaching 
and learning in the classroom. That is erro- 
neous. The relationship between the school and 

society has already been analyzed and ex- 
plained by leading modern thinkers East and 
West. Viewed as an ongoing and vital system of 
society, education receives inputs from society, 
puts them through the educative process, and 
gives the outputs back to society. Education is 
closely related with, is affected by, and influ- 
ences other aspects of the human culture. 
Changes in society, economic, cultural, poli- 
tical, scientific, and technological, are all 
relevant items that deserve the attention of 
educators. For instance, the computer revolu- 
tion since the 1960s has already produced 
tremendous changes whieh have been forced 
upon education. The slow response of educa- 
tors to these changes has invited criticism. The 
biological revolution is changing the develop- 
ment of medicine. Its implications for educa- 
tion could well be one of the new areas for 
educational research in the near future. 

Knowledge and ideas are the products of 
inquiry and thinking. They may not always be 
correct and accurate. We cannot avoid mis- 
takes, drawbacks, and failures. But as long as 
there is continuous effort in the pursuit of excel- 
lence, there will be useful findings. The use of 
new knowledge and ideas will prevent educa- 
tion from simply perpetuating itself, operating 
in accordance with old habits and premises, 
and, as a result, degenerating steadily. 

I have just discussed what I consider the 
necessary means to vitalize education, raise its 
status, and make it a confident and attractive 
profession and a sound, truly important dis- 
cipline. I emphasized that the economic and 
social status of the profession must be elevated, 
and that educators7 working conditions must be 
improved. I believe that these changes ought to 
be implemented with the utmost urgency and 
that society as a whole has the responsibility to 
do so, if education is really thought to be as 
important as it is professed to be. I emphasized 
particularly in my discussion today what I think 
to be the most essential task for educators them- 
selves, that is, to produce new knowledge and 
ideas by improving and refining education 
research methods, and to cultivate significant 
areas for educational inquiry. I must admit that 
my tone has been quite critical throughout, as I 
have been reviewing the current situation of - 
education, referring generally to the U.S.A., 
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Canada, and Britain, which have been thought 
to be the major centers for advanced educa- 
tional study and in which modern educational 
systems have been established. 

Now, let me again return to the cultural and 
social contexts of Singapore and Hong Kong. 
For years, our societies have been under the 
direct influence of these English-speaking cul- 
tures and our educational systems have been 
modelled after theirs. In a way, we have been 
copying, or imitating, their practices, and 
transplanting theories from them. Fortunately,. 
in recent years, partly due to political changes, 
our societies have become less dependent on 
them and we have begun to revise our educa- 
tional systems in accordance with the priorities 
established by our own societies. This is parti- 
cularly the case with Singapore. 

Singapore and Hong Kong still maintain the 
Asian tradition of respect for the teaching pro- 
fession. Our societies are fortunate that the 
status of their teachers is relatively high, which 
puts the education profession in Singapore and 
Hong Kong in a much better position to 
advance. 

While we should ensure that the relatively 
secure and respectable position of educators in 
our societies will be protected, and that their 
morale and motivation be kept high, educators 
themselves, teachers, lecturers, and education 
officials included, should appreciate their pri- 
vileged position in our societies and strive for 
still higher goals: to promote the advancement 
of education as a strong profession as well as a 
sound discipline, to participate actively in gen- 
erating new knowledge and ideas, and to try 
them out in educational practice. This is the 
only sure way that education will prosper and 
fulfil1 its excellence. Also, for a long time, our 
societies have been the learners, borrowers, 
and consumers of knowledge and skills de- 
veloped by others. Now we should be more 
independent and self-confident, and take posi- 
tive steps to advance into new discoveries in 
education. Perhaps it is time for us to change 
from our role of recipient and instead to re- 
ciprocate by offering our contributions in the 
field of education to those societies and cultures 
which were previously our benefactors. 
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Retooling American Education: Politics and Policy of 
U. S. Education Reforms 

Philip G .  Altbach 

ABSTRACT 

This paper argues that America's current inadequate resources, competing demands 
concern with educational reform arise from and a decentralised system hinder substan- 
a change in social goals. However, while tive reform. The many reform reports are 
education is seen as having a powerful role, seen as requiring more critical evaluation. 

The United States has decided that it must 
reform education. After virtually ignoring 
education for a decade, educational policy has 
returned to the national agenda. The reforms 
that have been proposed since the publication 
of the first report, A Nation at Risk in 1983 are 
quite different than those proposed in the last 
wave of education efforts in the 1960s, when the 
schools were urged to open up access and the 
curriculum to the concerns of minority groups, 
alternative ideas and in general to help solve the 
problems of American society. The current 
wave of reforms is aimed precisely in the oppo- 
site direction - at tightening up standards and 
ensuring that "excellence" is the key element 
of the curriculum so that the United States can 
effectively compete in the world market-place. 
Unlike the 1960s, when federal funds were pro- 
vided to the schools to meet new needs, the 
current reformers were asked to change the 
schools without additional money to implement 
the proposals. This article provides a discussion 
of the meaning, impact and relevance of the 
current reform movement in the United States. 
Despite problems of funding, the difficulty of 
achieving a consensus in America's diversified 
education system, and changing national 
priorities, it is clear that the basic direction of 
the current reform movement will help to shape 
American education for some time to come. 

This article provides a broad overview of the 
factors that have led to the current "great 
debate". For it is only by understanding the 
charcter of contemporary education that one 

can make sense of the myriad proposals for 
reform and change. Further, since solutions are 
necessarily related to past practice and to the 
societal context of American education, under- 
standing the historical, social and political 
factors relating to American education will 
permit a more realistic appraisal of the crisis 
and the possibilities for solutions. 

Americans are great believers in quick 
solutions to complex problems. Everyone is an 
" expert" on education, since everyone has 
been to school. These two factors have contri- 
buted to the recent emergence of education to 
the headlines. While massive public and media 
attention contributes to placing any issue, from 
"crime in the streets'' to educational reform, at 
the top of the national agenda and affects the 
chances for implementation of changes in 
national and state policies, it is often the case, as 
Ernest Boyer has stated, that public concern is a 
"mile wide and an inch deep." Thus, media 
attention and the American desire for speedy 
solutions often means that "answers" are pro- 
vided which are neither thoughtful nor prac- 
tical. It also means sometimes that large 
amount of money is spent on solutions that do 
not necessarily solve the problem. 

The current concern with excellence in 
education is a classic case of American per- 
ceptions of problems and the development of 
solutions for today's crisis is the direct result of 
yesterday's policies and of a longstanding 
American confusion concerning the role of the 
schools in society. The schools have been 
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expected not only to teach children and provide 
the basic skills needed by a complex tech- 
nological society but also to solve the dilemma 
of racial discrimination, to provide opportuni- 
ties for women and minorities, to socialize 
generations of immigrants and to bend to 
changing social policies such as church-state 
relations and sex education. It is significant, for 
example, that America's struggle for racial 
equality gained impetus from the 1954 school 
segregation case and education has been deeply 
involved with issues of racial justice ever since. 
It has proved easier to desegregate the schools 
than to change housing patterns or redistribute 
income. The education system was able to cope 
with these new demands, but not without con- 
siderable trauma and change. And at precisely 
the same time, social functions were placed on 
the educational system, funding was being cut 
in many areas due to budgetary problems and 
changing priorities. Programs for the handi- 
capped, for gifted children, innovative 
' ' magnet" schools and other educational 
improvement efforts that were launched with 
much hope and fanfare in the 1960s and 1970s 
suffered financial cuts in the 1970s. 

Education and Society: Follow the Leader 

In the United States, the schools have relatively 
little autonomy in terms of basic policy and the 
direction of education. Educational institutions 
basically follow the dictates of society in terms 
of policy, curriculum, standards and orienta- 
t ion~.  When society's goals change, the school 
must also change and the current 'crisis' reflects 
the fact that social goals have shifted from a 
stress on equity and the solution of societal 
problems through education which charac- 
terized the 1960s to a focus on academic and 
technological achievement to enable the nation 
to compete in an increasingly difficult world 
market. Educational institutions change 
slowly, and the schools are now 'out of sync7 
with broader social policy. The current reform 
proposals, and the general stress on 'excellence 
in education' are intended to move the educa- 
tional system quickly toward these new societal 
goals. But unlike earlier shifts, such as the 
movement in the 1950s after Sputnik toward 

a more science-based curriculum, massive 
funding is not being allocated to help the system 
cope with the changes. 

It is worthwhile considering how the process 
of change occurs in the United States. The 
process is very complex and reflects the many 
competing constituencies and interests relating 
to education and to America's decentralized 
educational structure, a structure that may 
become more decentralized if President 
Reagan is able to abolish the Department of 
Education. In France, it is only necessary to 
convince the Prime Minister and the Minister 
of Education that a change is needed and it will 
become a policy and only a major national 
outcry can reverse the direction. In the United 
States, with its checks and balances, its consti- 
tutional arrangements concerning education 
and with a wide variety of educational interest 
groups ranging from teachers' unions to tax- 
payers' associations, educational policy 
changes must travel a lengthy and complex 
path to implementation. Indeed, it is a tribute 
to the strength of the 'excellence idea' that the 
concept has moved so far so fast. 

History shows us that the schools have been a 
part of virtually every social change in recent 
American history. Social policy and educa- 
tional policy are intertwined. During the 
1930s, stimulated by the Depression and social 
crisis of the period, educators debated William 
H .  Kilpatrick's famous question, "Dare the 
Schools Change the Social Order?" Pro- 
gressive educators involved themselves in the 
social movements of the day. The schools later 
adjusted to the population explosion of the 
1950s and expansion was the order of the day. 
Later, when the Soviet Union launched 
Sputnik, the schools were called on to help 
prepare the basis for American technological 
growth. Only a few years later, in the 1960s, 
social protest and a new recognition that the 
schools should participate in the solution to the 
problems of racism, poverty and other issues 
led to a burgeoning of school-related social pro- 
grammes. Again, educators responded by 
adding new functions and made the necessary 
adjustments. Most recently, the enrolment 
declines and fiscal problems of the 1970s forced 
further adjustment - mainly scaling back the 
innovative programmes so eagerly established 
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just a few years earlier. Now, American 
education is beginning to cope with a new 
'crisis' - the excellence debates of the 1980s. 

Thus, the crisis in U.S. education is caused 
directly by social policy and by public opinion. 
Educational policymakers follow, they seldom 
lead. We must understand this basic fact if we 
are to move toward reform and improvement 
in education. 

Americans are notably a historical. We forget 
that we placed a great deal of stress on educa- 
tional excellence after Sputnik in the 1950s, and 
spent large amounts of money on improving 
science education, reforming the preparation of 
teachers, building schools, supporting libraries 
and the like. These efforts achieved a good 
deal of success. Test scores improved. More 
students took science courses. American tech- 
nology could look to well-trained scientists and 
engineers. 

American education went through one of its 
periods of greatest expansion during the 1950s 
and 1960s. The schools had to accommodate to 
the post-war 'baby boom' generation. Millions 
were spent on new buildings and expansion 
programmes. The teaching profession grew 
and salaries and status increased. The com- 
bination of demographic pressures and the 
shock of Sputnik, which was translated into a 
massive infusion of funds to education in an 
effort to improve science in America's schools, 
stimulated one of the major booms in American 
education. Not only were science and mathe- 
matics programmes improved, but the schools 
added other functions as well. 

The 1960s built on the expansion of the pre- 
vious decade, but the schools were asked to take 
on new and quite different functions related to 
the social crisis that the nation faced. During 
this period of liberal social concerns, public 
opinion and governmental authorities worried 
about racial and social equality and turned to 
the schools to help solve some of the social 
problems evident at the time. Social protest, in 
society and in the educational system (parti- 
cularly the universities) further stimulated 
educational change. Alienation among young 
people, caused by the Vietnam war, racial 
tensions and the social and life style changes of 
the period, had an impact on the schools and 
colleges. In some respect, the schools turned 

from their educational mission and attempted 
to solve some of society's problems. Stress on 
science, mathematics and foreign languages 
was diminished as the curriculum became more 
tied to social needs 

It proved easier to desegregate the schools 
than to bring about basic social change. Court 
decisions shaped educational policy and ten- 
sions rose in many cities. Inner city schools 
were confronted with problems of students dis- 
cipline, and the use of drugs became matters of - 
concern for educators. While urban schools 
were most troubled, the wealthier suburban 
schools were not spared. In the end, the schools 
dealt with this multiplicity of challenges, but 
frequently at the cost of weakening the tradi- 
tional curriculum. 

The schools could not do everything and it 
was not surprising that SAT (Scholastic Apti- 
tude Tests) scores continued a modest decline, 
that the traditional curriculum was diluted and 
that fewer students chose to study foreign lan- 
guages and mathematics and that, in general, 
educational standards were perceived to have 
suffered. Part of the problem was that poli- 
ticians turned to the schools for solutions to dif- 
ficult social problems and educators, happy 
with added funding, were willing to attempt 
everything. In those heady days of social 
reform, it was assumed that using the schools 
for social change would not conflict with pro- 
viding high educational standards. The public 
looked to the schools as a solution to all of the 
nation's problems. And it paid relatively little 
attention to what was happening to the curri- 
culum, to the education of teachers, and to the 
expensive buildings, libraries and facilities that 
had been so lavishly provided a few years 
earlier. 

In the 1970s, economic recession combined 
with a realization that education had, not sur- 
prisingly, failed to cure all of the society's ills. 
Public opinion turned against education just as 
demographic shifts meant that fewer young 
people were entering the schools. These 
elements proved a ~owerful combination for 
decline and the nation's schools barely 
managed to survive the decade by cutting pro- 
grammes, keeping teachers' salaries steady and 
barely maintaining educational quality at levels 
established in the 1960s. 
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The schools had to maintain the many social 
programmes legislated in the 1960s, and this 
too proved to be a considerable fiscal and per- 
sonnel drain on the system. "Mainstreaming' ' 
handicapped students by integrating them into 
classroom with other students, for example, 
while a noble societal goal, required consider- 
able educational adjustment and additional 
expense. Facilities are needed and teachers 
have to be trained. Yet, the schools were simply 
ordered to follow this national priority without 
regard for the fiscal or academic implications. 

In many cases, regulations from the federal 
and state levels were imposed on school systems 
without sufficient funding or even time to - 

adjust. Quotas for minority groups, bilingual 
education, and other innovations were imposed 
on school systems which were already feeling 
fiscal cutbacks. The schools were simply unable 
to respond to all of the burdens placed on them. 
Urban districts, particularly, found the pres- 
sures of ensuring racial integration, new state 
and federal mandates, and dealing with a 
changing and in many cases declining enrol- 
ment base overwhelming. It should have 
come as no surprise that achievement scores 
and other measures of educational quality 
declined. The philosophy of social adjustment 
and participation, enshrined in the 1960s, was 
changing to more concern for discipline and 
with the "three Rs". Again, the schools were 
slow to adjust - and by the mid 1970s' they 
were fiscally strapped and demoralized. 
Combined with these challenges, the Reagan 
Administration slashed funding for education 
by about 25%. These cuts were particularly 
difficult, since many programmes were 
mandated by the federal government and had 
to be maintained regardless of federal funding. 

"Unnecessary'' school buildings were closed 
without regard to neighbourhood consequ- 
ences. The "frills" that were so carefully added 
earlier, such as enhanced sports programmes, 
better guidance counselling and many others, 
were cut back or eliminated. Not much was 

added to take the place of such budget-driven 
cuts. 

The 1970s were not a happy time for public 
education in the United States, and it is in this 
context that the National Commission's recom- 
mendations were developed. It is hardly sur- 

prising that the tone of the report is highly crl- 
tical of the educational system. It is important 
to understand that the recent criticisms of the 
schools come from a historical and sociological 
context that has been particularly difficult. 
Rapid change, conflicting demands, fiscal pro- 
blems and a teaching profession and admin- 
strative cadre which has seen little movement in 
a decade provides a combination of circum- 
stances that do not lead to improvement in 
educational quality of innovation in educa- 
tional practice. Just the opposite. The reports 
point to many of the problems of the educa- 
tional systems - problems created by previous 
policies. 

The Reports and the Experts 

Despite the fact that the problems of the schools 
are well known, the current debate did not 
emerge from grass roots concern. Rather, it can 
be argued that most of the reports and investi- 
gations that have led to the current debate are 
the result of a coordinated effort by America's 
educational and corporate elite. It is possible to 
look at who sponsored the reports. 

Most of the reports are the product of expen- 
sive research efforts and most were developed 
by committees of "experts" and policymakers 
concerned with education. The list of indivi- 
duals involved with the debates reads like a 
"Who's Who" of the power elite not only ofthe 
Education Establishment but also of the world 
of corporations and commerce as well. The 
commissions and committees that were set up 
by the foundations and government agencies to 
look into American education included a com- 
bination of university-based administrators 
and professors, corporate officials, politicians 
concerned with education and a scattering of 
teachers and others. Research data from social 
scientists was used by the commission, but it is 
clear that there was more of a concern with 
public policy and with underlying assumptions 
abo,ut the role of the schools in contemporary 
American society than with reflecting the 
trends in the studies. 

The business-oriented and largely conserva- 
tive views of those involved with the excellence 
debate is clear. The most influential of the 
reports, that by the National Commission on 
Excellence in Education, was appointed by 
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President Reagan's Secretary of Education. 
Business interests were very important in 
several of the other reports. Several of the 
major private foundations such as Carnegie, 
Rockefeller, Spencer and others were also 
involved in the 'excellence' movement as well. 
These foundations are often more independent 
than government agencies, but they too are 
very much part of the Education Establish- 
ment. Further, there is something of an inter- 
locking directorate of individuals involved with 
the movement - individuals who have served 
on more than one commission or who have 
served as consultants to several agencies. 

It is not enough only to understand what the 
reports state; one must also be aware of those 
who promulgated the reports, their involve- 
ments and their educational, political and ideo- 
logical perspectives. In the case of the reports, 
the impetus has clearly come from the top of the 
corporate and educational establishments, 
from groups that were never committed to the 
egalitarian thrust of the 1960s. A combination 
of the changing political mood of the nation, in- 
creasing difficulties in obtaining jobs and the 
international economic situation made it 
possible for these groups to press their views 
and to have considerable influence over both 
the debates and on the direction of policy. 

Reform Directions 

The National Commission on Excellence in 
Education issued its report in April 1983. The 
Commission was followed by a spate of other 
reports from different agencies, a few research- 
based studies written by academic researchers 
and a tremendous amount of publicity and dis- 
cussion. There was a trickle-down factor as 
well, with discussions taking place at the state 
and local levels following the lead of the 
national reports. In New York, for example, 
the Regents' Action Plan followed very closely 
the general directions of the National Commis- 
sion. The reports generally stressed the high 
schools, which are considered the 'weak link' in 
American education. What is remarkable 
about the recent documents, and there are 
about a dozen national bodies that have looked 
into the 'education crisis', is the unity of views 
and proposals. 

The most influential reports have generally 
common themes and concerns. Yet, there is 
some divergence among the reports. Mortimer 
Adler and his colleagues argue for a common 
humanistically-oriented curriculum, while 
Ernest Boyer and John Goodlad are, in 
general, less harsh on the schools than most of 
the other reports. Nevertheless, it is possible to 
summarize some of the more important recom- 
mendations of the reports: 

The schools must stress science and 
mathematics and move away from the 'frills' 
which are seen to have little relevance to pre- 
paring America for global economic com- 
petition. 

The teaching profession has fallen on hard 
times. The quality, pay and autonomy of 
teachers must be improved. Teacher education 
programmes must be strengthened. "Merit 
pay" is seen as a means of attracting better 
teachers and rewarding those who perform 
well. But there is little guidance concerning 
how "merit" is to be determined. 

The school curriculum should be more 
related to the job market and to perceived needs 
of industry. 

Foreign language instruction should be 
started in the elementary schools and should 
generally receive a high priority. 

Students should spend more time in 
school, and that time should be used more 
effectively for instructional purposes. 

These are the broad outlines of the recom- 
mendations. There are many variations and if 
all of the detailed proposals were described, it 
would require a small encyclopedia. But there 
is unison on the need to improve standards, 
stress science, ensure that students are 
' ' computer literate" and in general there is a 
concern for the role of education in equipping 
Americans for participation in a cut-throat 
global economic war. 

The College Entrance Examination Board 
(the people who sponsor the SAT and other 
standardized tests) spent a decade trying to 
figure out what competencies are necessary for 
college entrance. Its report, Academic Preparation 

for College . . . stresses the links between the 
school curriculum, the universities, and the 
labour market. The Education Commission of 
the States' Task Force on Education and Eco- 
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I nomic Growth has a focus similar to that of the 
College Board. The Twentieth Century Fund, 
a policy-oriented philanthropic foundation, 
issued "Making the Grade" which focuses on 
federal education policy. The substance of the 
recommendations are similar to the other 
reports, although it stresses the importance of 
an active federal government role in education. 

Finally, the Business-Higher Education 
Forum sponsored l 'America's Competitive 
Challenge: The Need for a National Res- 

9 > ponse, a massive document that integrates 
recommendations concerning education with 
trade policy, research and development and 
even foreign affairs. The Business Forum, an 
arm of the Council for Economic Develop- 
ment, stresses America's position in global 
economic competition, and even recommends 
that the president appoints an adviser on 
economic competitiveness. The role of educa- 
tion, they say, is to buttress the economy in the 
"trade wars" of the 1990s. 

There are a few significant dissenters in all of 
the rhetoric of economic warfare. The Carnegie 
Foundation's massive "High School" study, 
which is based on solid research, agrees with 
many of the major recommendations of the 
other reports in that there is a stress on im- 
proving school quality and restoring a unity to 
the curriculum. But the schools are not seen as 
a total disaster area and there is more under- 
standing of the nuances of educational policy 
and the difficulties of making massive 
changes. 

Similarly, John Goodlad's "A Place Called 
School," a study funded by a number of 
foundations, gives the high schools passing 
marks, although pointing to a multitude of 
problems." It is perhaps significant that those 
studies which looked most carefully at the 
schools were most understanding of the com- 
plexity of the educational dilemma. Perhaps it 
is easy to recommend massive changes from a 
great distance and with a perspective that 
stresses the global economy rather than the 
realities of public education. 

The debate quickly spread from the national 
to the state and local levels. State education 
authorities considered the implications of the 
national reports for their own school systems. 
And unlike the federal government, the states 

have the power to impose educational policies, 
since education is legally a responsibility of the 
states and localities. The responses have varied 
but many states have raised the qualifications 
for secondary school graduation, imposed tests 
for teachers, and have made efforts to increase 
salaries in the teaching profession. One of the 
states most active in responding is New York, 
whose powerful Commissioner of Education, 
Gordon Ambach, has been actively involved 
with the national commissions as well as at the 
state level. New York also has one of the most 
centralized educational systems in the country, 
and it is comparatively easy to implement state- 
wide educational policies quickly. New York's 
highest policy-making body for education, the 
Regents, issued their own variations on the 
national education debate in the Action Plan to 
Improve Elementary and Secondary Education 
Results. Since the Regents have the power to 
order their recommendations implemented, 
the Action Plan is probably the most important 
document yet to be published, at least for New 
Yorkers. The recommendations can be quickly 
summarized: 

Lengthen the school day and the school year. 
Institute pre-kindergarten programmes 
statewide. 
Improve computer literacy. 
Raise standards of the Regents competency 
testing programmes in science, mathe- 
matics and reading. 
Strengthen requirements in mathematics 
and science and broaden the Regents Ex- 
aminations. 
Improve teachers' effectiveness and raise 
teachers' salaries. 

The cost, as estimated by the Regents, is not 
insignificant: $209 million for the first year and 
$881 million for the planned five-year imple- 
mentation period. The debate on the Action 
Plan has been intense, with many complaining 
about the cost, the implications for minorities, 
the narrowing of the curriculum and other 
problems. There has been general agreement 
on the need to improve the schools but many 
different approaches. The policy debate, 
however, has been framed by the Action Plan, 
and few other specific proposals have been sug- 
gested. Reality has also caught up with the 
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Action Plan, and several key elements have 
already been dropped or postponed, most 
notable the lengthened school day, which was 
one of the key elements of the original proposal. 
This reform proved too costly. Some of the pro- 
posals are moving ahead, particularly raising 
standards and requirements for secondary 
school but even these have been scaled down 
because of fiscal constraints. Others are still 
under consideration or are moving slowly. 
Funds for the improvement for teacher educa- 
tion, for example, may be allocated in 1985 - 
in the meantime, very little has changed in this 
area. The point here is that even in a state that 
has a centralized education apparatus and a 
long history of active concern for education, the 
implementation of reform proposals has been a 
controversial, costly and slow process. 

The Teaching Profession 

Without a qualified, committed and motivated 
teaching profession, there can be no quality 
education. Yet, as A Nation at Risk notes, the 
profession is in trouble. The reports gloss over 
some important items, however, for little atten- 
tion is paid to the decline in the morale of the 
profession. 

Buffeted by rapidly changing and often con- 
tradictory demands, classroom teachers no 
longer know where they stand. i n  the 1970s, 
the teaching community was attacked from all 
sides. Much of this criticism is unfair. The 
schools, and the teachers within them, have 
largely been reacting to changing societal 
demands. There is a necessary toll for such 
rapid changes in policy. 

Today's buzzwords for the teaching profes- 
sion are burnout, retrenchment, retooling and 
the vocabulary of despair. Teaching has always 
been an uncertain profession in the United 
States, with lower status and significantly lower 
salaries than other professions such as law and 
medicine. Teachers have had only limited auto- 
nomy in their classrooms and have never had a 
great impact on the shaping of educational 
policy. At least teaching was considered a 
secure profession with little chance of lay offs, 
but this too has changed and teachers have been 
fired in large numbers from many school 
systems. Even those who have kept their jobs 
are increasingly asked to learn new specialities 

- to retool - or to take on entirely new 
responsibilities. While the epidemic of crime in 
the schools that was evident during the past 
decade seems to be abated somewhat, teachers 
must frequently contend with an institutional 
environment that is less than congenial. Pres- 
sures from school boards, from parents and 
from administrators contribute to the crisis of 
morale. 

Teachers find themselves in an unenviable 
situation. Salaries which were rising fairly 
rapidly a decade ago have not kept pace with 
inflation. Job mobility, formerly easy, is now 
very difficult since there are relatively few open- 
ings in many fields. This means that a teacher 
who is dissatisfied in his or her school situation 
cannot move. And while many teachers leave 
the profession altogether, this is also difficult in 
today's economy. 

Most important, we are losing a generation 
of teachers because the current teaching 
population, hired during the 1960s is not due to 
retire for another decade and there are few 
openings for young teachers. Current incum- 
bents have been battered by the "school wars" 
of the past decade and there is little fresh blood 
entering the profession. Further, graduate level 
schools of education have cut back on teacher- 
training programmes and have not put much 
effort into reforming or updating them. 

Teacher education is in as much a crisis as 
the educational systems, and it is not surprising 
that the commissions have focused on the 
schools of education in America's universities. 
There have been substantial cutbacks in 
teacher education programmes at precisely the 
same time that a number of analysts are pre- 
dicting teacher shortages in less than a decade 
in many fields. Indeed, there is already a 
shortage in selected fields right now. As enrol- 
ments dwindled in the 1970s, many universities 
cut the programmes or phased them out 
entirely. The programmes that remain have 
been robbed of vitality and have been unable to 
replace staff. Relatively few new ideas have 
emerged from the educational community - 
and implementation has been difficult due to 
lack of funding and support. If the trainers of 
teachers are at a low ebb, it is unlikely that the 
profession itself can be much better off. Indeed, 
schools of education may be hard pressed to 
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meet the demand for trained teachers in the 
coming decade and there will be yet another 
crash effort to provide teachers - with a 
resulting problem of inadequate training. 
Clearly, policy-makers must take a longer view 
and permit the schools of education to develop 
new ideas and approaches before the next 
shortage appears. 

It has often been said that the best students 
do not enter the teaching profession. While it is 
clear that teachers do not stand at the top of 
their college classes, neither do they occupy the 
bottom rungs. A recent study of students in the 
teacher-training program at the State Uni- 
versity of New York at Buffalo indicated that 
these students are above the average for the 
university as a whole. With the rush toward 
management and computer science, it is sur- 
prising that education attracts as good students 
as it does. Why should the most able college 
students enter a profession that has tradi- 
tionally had only mediocre social status, which 
today has a poor job market in most areas and 
in which salaries are modest and indeed de- 
teriorating? At present, a career in education 
has everything against it - difficult job pro- 
spects, poor salaries and concentrated public 
criticism. Further, while the market for 
teachers has already changed for the better in a 
number of fields and will improve further in 
most areas, this news has not filtered down 
either to students or to guidance counsellors. 

The profession is in trouble. It needs new 
blood and it needs new ideas. It needs incen- 
tives and it needs to be assured that the educa- 
tional enterprise is valued in America. Unfor- 
tunately, a 'quick fix' is unrealistic. In order to 
improve teaching, one must work on all aspects 
of the system, from providing better teacher 
education in the colleges and universities to im- 
proving the working conditions in the schools. 
At precisely the same time that the commissions 
call for higher standards, class sizes are in- 
creased and basic supplies for many schools are 
curtailed. School systems are willing to pur- 
chase computers for classroom use, but atten- 
tion also needs to be paid for in-service training 
for teachers, integrating computers into the 
broader curriculum and the like. The lessons 
of the expensive attempt to revolutionize 
American education by using instructional 

television in the 1950s - an effort which 
yielded few positive results - should be kept in 
mind. If the computer revolution is to come to 
the classroom, it needs to be carefully inte- 
grated into the total curriculum and to have the 
support of the teaching profession. 

Many of the reform reports have seized on 
the idea of 'merit pay' as a quick solution. It is 
as if rewarding a few outstanding teachers can 
solve the deep-seated problems of the educa- 
tional system. There is considerable disagree- 
ment in the teaching community about the 
concept of merit pay, and there is substantial 
conflict concerning how excellence in teaching 
can be accurately measured. Effective teaching 
is very difficult to judge and teachers fear that 
merit pay will become another means of 
administrative control. The improvement of 
teaching depends as much on providing an ade- 
quate working environment and good text- 
books as it does on rewarding superior 
teaching. The structural problems of the educa- 
tional system are much more serious than 
finding a means of differentiating the per- 
formance of teachers. It is perhaps significant 
that the two major national teachers unions, the 
National Education Association (NEA) and the 
American Federation of Teachers (AFT) have 
reacted rather differently to the reform pro- 
posals. The NEA has generally opposed the 
proposals, and was especially offended at the 
concept of a national examination for teachers. 
The AFT has been more receptive to change. 
Both unions, not surprisingly, have supported 
the proposals for higher teacher salaries. 

The Mania for Change 

While the long-term implications of the current 
great education debate are unclear, there will 
be some significant alterations in current 
educational policy and practice. Some national 
trends are already evident - an increased 
emphasis on science and mathematics in- 
creased standards for graduation from secon- 
dary school; more emphasis on foreign lan- 
guages; decreased stress on 'life adjustment' 
courses and on the school's role as a societal 
equalizer; and less stress on serving diverse 
clienteles. The schools are becoming more 'aca- 
demic' - in the narrow sense of that term. Yet, 
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it is equally clear that many of the recom- 
mendations presented by the various com- 
missions will not be implemented. Costs tend to 
be high - and government at all levels is less 
than anxious to provide the needed funding. 
Conflicting constituencies within the education 
community as well as outside of the schools will 
disagree about many of the proposals. Like 
everything else, educational policy-making is a 
matter of political debate and compromise. For 
better or worse, educational issues are generally 
decided outside of the classroom and the 
university. 

There has already been significant response 
to the thrust of the various reports, and parti- 
cularly the National Commission on Excel- 
lence. The U.S. Department of Education, in a 
document issued in the spring of 1984 provides 
a state-by-state listing of new progammes and 
changes in educational policy in virtually every 
state. Larger plans are in various stages of 
debate and implementation. In New York, as 
noted earlier, the Regents Action Plan lists an 
impressive number of changes. However, 
beyond the level of individual schools the 
process of change is slow and subject to com- 
promise. Fiscal and political realities intrude on 
the best-laid plans of reformers. And in the 
1980s, these realities are particularly intrusive. 
In New York, the Action Plan, even prior to 
implementation, was significantly cut to meet 
fiscal constraints. 

One might also point out the possible nega- 
tive implications of rapid educational change. 
The most dramatic example of continuing 
massive changes in educational policy and 
practice is the near total collapse of the Chinese 
educational system during the Cultural 
Revolution of the 1960s. The system was 
simply unable to cope with continuous and con- 
tradictory policy changes over a period of 
several decades. O n  a much smaller scale, the 
Southeast Asian nation of Singapore has con- 
tinually experimented with its educational 
system to such an extent that neither teachers 
nor students can keep track of educational poli- 
cies from one year to the next. Historically, 
change in the United States has generally been 
slower and the decentralized educational system 
has meant that implementation has varied 
somewhat in different parts of the country. 

Nevertheless, it is possible to discern waves of 
educational reforms, and to some extent, one 
current reflects previous changes or even repli- 
cates earlier efforts. For example, the current 
concern with 'excellence' is in many respects 
similar to the educational response to Sputnik 
and the stress on science in the 1950s. 

With the excellence issue, there is a combina- 
tion of several powerful elements which point to 
at least some success for current efforts. There 
has been, in the past few years, a growing 
public dissatisfaction with the schools. This is 
indicated in the public opinion polls as well as in 
the rejection of school budgets in many com- 
munities. People feel that the schools have lost a 
sense of direction and that the educational 
system, on which millions are spent, is not 
"producing". There is considerable confusion 
over what should be produced, and that con- 
fusion is part of the problem of the lack of direc- 
tion of public education. There is also a feeling 
by the elites that the American economy is in 
long term trouble and that the schools, as well 
as other social institutions, must be changed in 
order to make the nation more competitive in 
an increasingly difficult world environment. 
Demographic changes have caused further 
problems for the schools. Finally, increased 
costs combined with decreasing test scores have 
caused many in government to question the 
orientation and direction of the schools. 

Causes and Effects 

The question naturally arises: Why all of this 
stress on standards in education now? There 
has been widespread criticism of the schools for 
a long time and it has been evident that stan- 
dards have to some degree deteriorated. The 
decline in SAT tests is well known, although the 
tide may have been stemmed since recent statis- 
tics show some improvement. And there has 
been a backlash against some of the educational 
innovations of the 1960s in the present more 
conservative political environment. 

Yet, the combination of commissions and 
reports is impressive. The fact is that most of 
the fundings for the commissions come either 
from the Reagan administration, from presti- 
gious private foundations, or from the top levels 
of the education establishment. 
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A preliminary survey shows that a dozen 
major universities are crucial to the member- - 
ship of the commissions and to their research 
staff. Major corporations, and particularly 
those involved in multinational commerce, are 
represented strongly as well. 

With the members of the commissions and 
committees coming from a fairly narrow spec- 
trum of opinion, it is not surprising that the 
recommendations should be fairly uniform and 
should reflect the interests and concerns of this 
spectrum. The current debate on education is 
stimulated by the Reagan administration, 
which has its own agenda on education as it 
does in other areas, by the corporate sector 
which is naturally concerned about its competi- 
tive position in the coming decades and sees 
education as an important part of the total tech- 
nological development of America, and by the 
elite universities, which have long been con- 
cerned about a decline in "standards". It is 
also possible to point to the presence of people 
representing engineering, physics and chemis- 
try on some of the commissions. Their concern 
for the "hard sciences" and lack of interest in 
social studies is not surprising. 

A consensus for educational policy for the 
coming decade is now being built. The 
American system, like that of Japan, depends 
on a broad national agreement for the imple- 
mentation of major policy changes. The 
current debate on education is very important 
in that i t  will set the national agenda for some 
time to come. Funding priorities will be estab- 
lished, directions in teacher education and in 
the curriculum set, and it will be difficult to 
alter these for some time. 

America's schools have traditionally edu- 
cated for participation in a democratic society. 
Little is said about social studies, history or cri- 
tical thinking in the new proposals. Are we to 
create a nation of technocrats? What implica- 
tions will that have on the quality and nature of 
our political and intellectual life? Discipline in 
the schools is fine, but what about creativity? 
Much is said in the reports about higher teacher 
salaries but little about the profession of 
teaching except to stress the need for more 
control and higher standards. Along with 
higher salaries come more controls and more 

accountability to the education bureaucracies. 
What will that do to a profession that has been 
under pressure for a long time? 

The reports and commissions leave many 
questions unanswered. Excellence sounds like a 
good thing, and there is universal agreement 
that the schools do need some added attention 
and perhaps some significant changes. But the 

very unity of' views of the current reformers 
should give us pause. Once we look carefully at 
where the recommendations are coming from 
as well as their content, it is clear a critical 
assessment is necessary. 
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I A Cross-Sectional Perspective on Science Performance 
in Singapore 

Yeoh Oon Chye 
Tan Yap Kwang 

ABSTRACT 

This report offers an initial interpretation of 
the large scale survey of science achievement 
in Singapore schools across three indepen- 
dent populations, namely, the representa- 
tive, stratified random sample of students at 
Pop. l or primary 5 (12.9 % of the 10 year- 
old), at Pop. 2 or secondary 3 (11.3 % of the 
14 year-old) and all the 3560 science (and 
10% of the non-science) students a t  the Pop. 

- 

3 (junior collegeslpre-university) or last year 
of schooling. - 

Differences in  science achievement (mea- 
sured by the IEA criterion science tests) 
within and between the different popula- 
tions confirmed the strong relationships 
attributable to the differences in (a) aca- 
demic ability (academic streams) (b) general 

Introduction 

The F ~ T s ~  IEA Science Study (FISS) that was con- 
ducted between 1969-1973 pooled together 
data from nationally representative probability 
samples of schools, teachers and students in 19 
different countries, across three different 
populations of students at the 10 and 14-year- 
old groups and those in their last year of school- 
ing. It was the first attempt to assess a range of 
social and educational factors that influenced 
science achievement not only between 
students, between schools and between 
national school systems but also, the oppor- 
tunity to make cross-national comparisons 

ability (the numerical and verbal ability 
tests), (c) gender and (d) their opportunity- 
to-learn (as reported by the science 
teachers). Sex differences i n  science achieve- 
ment persisted in  favour of the males across 
grade levels and types of science curriculum 
(genera1,science to pure sciences). The cross- 
sectional comparisons offered evidence of a 
discernible improvement i n  the shift in  
science achievement from primary 5 to 
junior collegelpre-university and also, con- 
sistent trends i n  the way science is taught 
and i n  the attitude of students towards 
science. A simple causal model is examined 
as an initial attempt to explain the complex 
of interacting variables that account for dif- 
ferences in  student science achievement. 

across different countries (Comber and Keeves, 
1973). Patterns of similarities and differences in 
the systems of science education were evident. 
Among these, sex differences in favour of boys 
for science as a whole were clearly visible, 
already by the beginning of upper primary 
school. Whether or not such a phenomenon to- 
gether with a host of other findings still per- 
sisted in the 1980s became one of the enduring 
sources of motivation that led to the move to 
replicate FISS a decade later. 

This led to the initiation of the Second IEA 
Science Study (SISS) by the International 
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Association for the Evaluation of Educational 
Achievement in early 1981. There are now 26 
different countries, taking part in the study. 1 

SISS Singapore: 1984 

Singapore joined SISS in late 1983 under the 
sponsorship of the Ministry of Education. 

Singapore's involvement in SISS (with the 
survey and test administration in April, 1984) 
was timely. The implementation of the New 
Educational System (Goh et al, 1979) was already 
into its fifth year and continued to sustain the 
pursuit of academic excellence and higher educa- 
tional productivity in all spheres of schooling and 
education. Among the key innovations, over 
the past years, bilingualism remained the corner- 
stone of the Educational Policy to ensure that 
". . . children must learn English so that they 
will have a window to the knowledge, tech- 
nology and expertise of the modern world . . . 
(and) know their mother tongues to enable us to 
know what makes us what we are today" (Tony 
Tan, 1986). 

In  order to accord priority to the acquisition 
of literacy in English Language in the first two 
years of schooling, science as a formal school 
subject in the school curriculum was deferred 
until Primary Three. This was a significant 
departure from the years prior to 1979 when 
science was taught with effect from grade one. 

Academic streaming was also introduced as a 
response to the urgent need to attend to the dif- 
ferences in academic ability among students. 
The intention was and still is to provide ". . . 
more flexibility and variety in our school pro- 
grammes so as to allow more scope for develop- 
ment of the different talents of our children" 
(Tony 'Tan, 1986). When academic streaming 
succeeds as intended, it is seen as one of the 

' Australia 
' Canada (French & English- 

speaking) 
Peoples' Republic of China 
England 

O Finland 
Ghana 
Hong Kong 

O Hungary 
lsrael 

O Italy 

Japan 
' Korea 

Mexico 
Netherlands 

O Nigeria 
" Norway 
O Papua New Guinea 

Phillipines 
O Poland 
O Singapore 
O Sweden 
O Tanzania 
O Thailand 

United States 
" Zimbabwe 

means to optimise the intellectual development 
of our students while they are in the school. In 
this regard, the system is designed to offer a full 
education that maintains " .  . . not only 
rigorous academic standards which is essential, 
but also healthy bodies, strong constitutions 
and robust moral values" (Tony Tan, 1986). 

It is in this context of high aspirations for oul 

education system that SISS has attempted tc 
survey the multivariate influences of schoolin? 
and science education on the science learning 
outcome, sampled across the three differen~ 
ages or grade levels of intellectual development, 
namely, the 10-year-old, the 14-year-olc 
students and those who are in the last year o 
schooling (about 18-year-old). By using the sel 
of survey instruments and Science Achieve. 
ment Tests (rigorously pilot tested and vali. 
dated in 1982-83) that were common across the 
different countries, SISS was designed not onl) 
to offer the excellent opportunity for cross. 
country comparisons in due course, but mon 
importantly, the cross-sectional analyses of sciencc 
achievement across the three different popula. 
tions of students within the system. For system! 
who took part in FISS, they could make thc 
comparison of the standards in science attain. 
ment in 1984 with that attempted a decade ago 

The Paradigm for SISS Analysis 

Figure I sets out the paradigm that categorise: 
the set of 12 key measures into the Presage 
Process and Product variables. 

The scheme does not imply a linear, direc 
cause-effect relationship. O n  the contrary, thf 
influences on science performance are char. 
acterised by the complex network of direct, in. 
direct and interacting causal relationships. 

The Scope and Design of This Report 

The overall design of this aspect of the study i! 
best summed up schematically in Figure : 
(pages 4-5). It sets up the 7 key variable! 
(namely, Agelgrade level; the criterion Sciene 
Achievement (ACH) test; students' Quantitatia 
(Q) and Vocabulary (V) abilities; Attitude (ATT' 
and their Description of Science (DES) Learnin) 
and measures of their Opportunig-to-lean 
(OTL) . 
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FIGURE 1: THE SISS PARADIGM 
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This Report will highlight the cross-sectional 
comparisons by contrasting the students' per- 
formance on or responses to the set of anchor 
items that are common across the different 
student populations. The cross-sectional per- 
spective concludes with the comparison of 
Singapore-SISS (1984) with the international 
mean science performance of a comparable 
sample of students (at Pops 1, 2 and 3) in FISS  
(1973). This is achieved by comparing the 
mean percentage correct response on each of 
the Bridge science test items. On a relative basis, 
the cross-sectional perspective will thus offer 
some initial insights into the developmental 
trends in science performance across the dif- 
ferent age groups and levels of cognition, but 
also provide us with a clue to how the standard 
of science performance in Singapore in 1984 
compares with the international mean of 19 
countries, a decade ago in 1973. 

Conduct of the Study 

The Achieved Sample 

Table 1 sums up the relevant characteristics of 
the achieved two-stage, stratified probability 
random sample of approximately 10,500 
students for Pop 1 (n = 5547 or 12.9% of the 
target Primary 5 pupils) and Pop 2 (n = 4430 
or 11.3 %). For reasons unique to the purpose 
of the survey study, a sample of 24 students was 
drawn at random from each intact class. A 

check with the marker variables (eg. Age range, 
Sex ratio and Family size) confirmed the repre- 
sentativeness of the sample for Primary 5 and 
Secondary 3. At the JCIPU level, all the avail- 
able science students (about 4200) in 9 colleges 
were tested (one JC did not take part in the 
study). Of these, there were 902 biology (3B), 
945 chemistry (3C), 1071 physics (3P) and 345 
physical science (3X) students. For purposes of 
comparison, a random sample of about 10 % or 
297 arts or non-science students (ie. Pop 3N) was 
included. 

From the pupil data bank, the records 
showed that 96.9 % of Primary 5 pupils were at 
the model age of 10 + , 68.2 % of Secondary 3 
students were 14 + and 90.0 % of the JCIPU 
students were between 17-18 years of age. (For 
details, see Annex 1). 

Test Administration and Data Analysis 

With rare exception, the survey questionnaires 
and achievement tests (excluding the science 
processlpractical tests) were administered in one 
session but on different days by the different 
schools over a period of one week (22-28 April, 
1984), as per standard prescribed conditions, 
set out in the Teacher's Manual for Test Administra- 
tion (Yeoh and Tan, 1984). 

The student ACH, ATT, DES, Q and V 
Tests or Questionnaires were scored mechan- 
ically by the optical mark reader. Data analysis 
was processed on the IBM 4341 mainframe 
using standard SAS programmes. 
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FIGURE 2: THE FRAMEWORK FOR THE CROSS-SECTIONAL ANALYSES OF THE 
IEA-SISS STUDY ACROSS PRIMARY 5,  SECONDARY 3 AND 

JR. COLLEGEIPRE-UNIVERSITY LEVELS 

IEA-SISS E l  (1984) "Bridge" items 
< 

l l 
Target Populations 

Selected 
Variables v 

1. AGE (Intellectual 
Development) 

0 

0 

Pop 1 

Primary 5 (P5) 
Academic streams: 
P5N or Normal 
P5E or Extended 
(P5M is excluded 
because no formal 
science taught) 

Pop 2 Pop 3 

O Secondary 3 (S3) O J r  CollegeIPre-U UCIPU) 
O Academic streams: O Specializations: 

S3S or Special 3B: Biology 
S3E or Express 3C: Chemistry 
S3N or Normal 3P: Physics 

3X: Phys. Science 
3N: Non-Science 

a 10-year-old 14-year-old O last year of schooling 
(about 18-year-old) 

2. Science Achievement Science Core items O Science Core items O Science Core items 
(ACH) Test: 1M (24 items) 2M (30 items) 3M (35 items) 

a Content in Earth 
Science Biology, 
Physics Chemistry 

O Cognitive levels: 
Functional 
knowledge 
Comprehension 
Application 

O plus two of 4 plus two of 4 O plus one special test 
rotated tests: rotated tests: in Biology. Physics, 
lA, lB, lC,  I D  2A, 2B, 2C, 2D Chemistry, Phys. Science, 
(1 2 items each) (15 items each) or Science (for Arts 

students). 

5 options, 5 options 5 options 
multiple choice multiple choice multiple choice 
items. items. items. 

O Max. 48 points O Max. 60 points Max. 70 points 

CROSS-SECTIONAL 20 Anchor Science test items 
COMPARISON: / b 

16 Anchor Science test items 

3. Quantitative (Q or O Maths: 20 items Maths: 20 items Maths: 20 items 
or Mathematics Test 

5 option, multiple- 5 option, multiple- 5 options multiple- 
choice items choice items choice items 

O Max. score = 20 pts. O Max. score = 20 pts. O Max. score = 20 pts 

CROSS-SECTIONAL l l Anchor Maths test items 
COMPARISON: < + 

9 Anchor Maths test items 
/ * 
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Selected Variables Pop 1 Pop 2 Pop 3 

4. Vocabularly (V) O 40 paired-words; O 40 paired-words; O 40 paired-words; same/ 
or Word Knowledge same/opposite sameJopposite opposite meaning 
Test meaning meaning 

O Max. score = 40 pts. O Max. score = 40 pts. O Max. score = 40 pts. 

CROSS-SECTIONAL 13 Anchor Word test items 
COMPARISON: t W 

13 Anchor Word test items 

5. Opportunity-to-Learn O OTL ratings on O OTL ratings on each O OTL ratings on each 
ratings (OTL) by the each science test each science test science test item: 0 % ; 
class science teacher item: 0%;  1-25%; item: 0%;  1-25%; 1-25%; 26-75%; 76-100% 

26-75%; 75-100%; 26-75 % ; 75-100% ; emphasis 
emphasis emphasis 

CROSS-SECTIONAL Mean OTL ratings on 
L COMPARISON: 4 - 

20 Anchor Science test items 

Mean OTL ratings on 16 

16 Anchor Science test items 

6. Students' Attitude O 18 items ATT O 40 items ATT O 56 items ATT 
(ATT) or Opinion on Response: Agree/ Response: Agree/ Response: Agree/ 
Science/Schooling DisagreeJUndecided DisagreeJUndecided DisagreeJUndecided 
Scale 

CROSS-SECTIONAL 12 - 13 Common ATT items 
COMPARISON: t 

+ 

7. Students' Description O 10 items: Response O 24 items: frequency of learning experiences rated as 
of Science Learning on frequency of 'Often'/'Seldom'/'Never' 
(DES) rating scale behaviour-Often/ O 16 items: choice of most preferred learning 

SeldomJNever experience among 5 different alternatives 

CROSS-SECTIONAL 10 - l l common DES items 
COMPARISON : 4 
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TABLE 1: ACHIEVED STRATIFIED RANDOM SAMPLE FOR SISS, SINGAPORE 

Achieved Sample 
Target Designed Response 

Population Sample No. School No. Students % Population Schools 

Population 1 
Primary 5 6,120 216 5,547 12.9% * 100% 
42,887, (14.3%) hlale: 2,903 
97% at 10 yrs. Female: 2,644 
5 strata 

Population 2 
Secondary 3 4,464 166 4,430 11.3% * 89% 
39,158, (11.4%) Male: 2,224 
68% at 14+ Female: 2,206 
9 strata 

Population 3 
JC2lPU3 
8,223 
63% at 17+ 
3B: Biology 
3C: Chemistry 
3P: Physics 
3X: Gen. Sci. 
3N: Non-Sci. 

4,575 
(4,170 or 100% 
available 
Science 
students; 
405 or 10% 
random sample 
of Non-Science 
students) 

78.2% of * 91% 
available 
Science 
students and 
7.3% of the 
random sample 
of Non-Science 
students 

"(4611441) refers to the (MaleIFemale) sub-groups. 
For complete details, please refer to the Sample and Administration Report for Singapore (1986) 

Explanation: 
3B: Students taking 'A'  level Biology but not Physical Science 
3C: Students taking 'A' level Chemistry only or 'A' level Physics and Chemistry 
3P: Students taking 'A' level Physics only 
3X: Students taking 'A' level Physical Science 
3N: Non-Science students 

The weighted m a n  science, vocabulary and where: i = student i 
mathematics scores are used, and for the cross- Mi  = student i raw score on the core 
country comparisons, they are corrected for M Test 
guessing as well. 

In  view of the non-parallel rotated science 
tests Forms A, B, C and D, the total score of Zi, and Z, = student Zi - score on the two 
each student in Pop 1 and 2 was computed rotated test forms 1 and 2 
according to the weighted composite total score 
formula, (Wolf, 1983) namely: s p  = J (S; + S: + S; + ~ ; ) / 4  

where S = standard deviation of the respective 
Total Scorei = Mi + (Zi, + Z,) Sp + DM. rotated tests Forms A,  B, C or D. 
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z, + X, + X, + X, 
and DM = 

where %, is the mean of rotated test Form A, 
etc. 

Results and Discussion 

Overview of the Science Achievement 

A detailed analysis of the overview of science 
achievement (inclusive of the V and Q tests) 
at P5, S3, JCIPU levels has been reported pre- 
viously (Yeoh and Tan, 1984, 1986). For the 
purpose of this study, the findings of the over- 
view are summarised in Annexes 2A, 2B and 2C. 
A brief review of the key findings are as follows: 

Science Achievement 

Given the SISS ACH test across P5, S3 and 
JCIPU grade levels, the overall pattern of per- 
formance is as follows: 
(a) The standard of science performance at P5 

and S3 are well within the normal distribu- 
tion, namely 24.4 +_ 7.9 (max. 48 pts) for 
P5 and 31.5 f 9.1 (max. 60 pts) for S3. 
The margin of science performance im- 
proved considerably by the last year of 
schooling at the JCIPU level where the 
mean science achievement score on the 3M 
Core Test is about 1.5 SD above the mean 
(eg. 25.2 f 5.1 with a max. of 35 pts). 

(b) Academic streaming. As expected, students in 
the academically more able groups (ie. P5N 
or the S3S and S3E streams) consistently 
did significantly better on the tests when 
compared to the less able P5E and S3N 
streams. These observations supported the 
notion that the below average students 
merited a different pace and programme of 
science learning. 

(c) The high standard of science achievement 
of the science students at JCIPU is not sup- 
rising because they are science-oriented 
and have "specialised" in the different 
science subject disciplines, namely in the 
pure sciences such as 3B, 3C and 3P. As 
expected, these "pure science7' students 
out-performed their contemporaries en- 
rolled for 3X studies. 

(d) Relative to the science-oriented students, it 
is most encouraging and comforting to note 
that the art's (3N) students could still recall 
and understand about half (mean of 17.7 
+ 5.2 out of a max. 35 pts for Test 3M) of 
the science that they learned at least two or 
more years ago. The extent of their re- 
tentivity is remarkably good, even though 
they had no more science subjects after the 
Secondary 4 '0' level studies two years 
earlier. 

(e) Using the 35 common core science test 
items (3M) as a basis for comparison, in 
rank order of performance, the 3B students 
were the best; second the 3C students and 
then the 3P group. As expected, amongst 
the science students, those who enrolled for 
3X were not as competitive. Hence, as a 
group their performance (mean of 23.0 f 
4.4) was the lowest but still well above the 
non-science students. It could be argued 
that the top performance of 3B was due 
partly to the fact that by self selection they 
were also the most able amongst the 
science-oriented students. This was borne 
out by the fact that the majority aspire to 
pursue medical studies at the tertiary level. 

Performance in the Mathematics (Q and 
Word Knowledge Tests (V) 

(a) The performance of students in P5, S3 and 
JCIPU on the Q and V tests was exceed- 
ingly good. They were well above the 
normal mean. The Q test was deemed to be 
relatively easy. At the PUIJC level, there 
was a considerable amount of ceiling effect, 
with a high proportion of the science 
students scoring the maximum of 20 pts. 
Even the performance of the 3N students 
on the JC/PU Maths test was well above 
the mid-point (ie. a mean of 16.0 f 3.0). 

(b) The mean scores of the Q and V tests con- 
firmed that those who were academically 
more able, did much better on these 
surrogate measures of their intellectual 
ability. The V test at JC/PU discriminated 
very well and substantiated the 
t < superiority" of the 3B group over the 
others, and the corresponding sequence in 
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their rank order on the 3M science test. 
The lack of discrimination on the Q test is 
due mainly to the ceiling effect of the test. 

Science, Mathematics and Vocabulary 
Relationships 

(i) The high significant intercorrelations 
amongst the 3M, Qand Vtests across P5, S3 
and JCIPU confirmed the strong relation- 
ship between science achievement on the 
one hand and students' intrinsic intel- 
lectual ability on the other (see Table 2A, 
2B, 2C). 

(ii) Of the two, the Qtest was a better predictor 
(than the V test) of science achievement 
across the different grade levels. (a Pearson 
r of 0.52-0.58 at P5, 0.44-0.56 at S3 and 
0.30-0.46 at the JCIPU level). 

Opportunity-To-Learn Ratings 

(a) At each population level, the class science 
teacher rated each science test item (eg. 
0%;  < 2576, 26-75% or > 75%) to in- 
dicate the relative emphasis given to 
teaching the item that was tested. Based on 
the teacher's ratings, a mean OTL rating is 
calculated for each item. This might be 
interpreted as the teacher's estimate of the 
percentage of students who have been 
exposed to the curriculum content reflected 
in the test item. 

(b) Figures 3A, B, C set out the mean OTL 
ratings of the M Tests for P5, S3 and 
JCIPU by the different academic streams 

or sub.ject specialization. In accordance 
with the practice of academic streaming, 
there was a significant difference in the 
OTL in favour of the 'above average' 
ability students (eg. P5N or S3E). This dif- 
ference was also very obvious between the 
science-oriented and arts students, as 
expected. 

(c) Given such a gross (but reliable measure) 
OTL rating, there is strong evidence that 
science teachers gave greater emphasis in 
the teaching of science to those who were 
deemed to be academically more able, 
while significantly less to those in the P5E 
and S3N students. This apparent dif- 
ference in science teaching behaviour could 
well be due to how the teachers perceived 
the different needs of the different groups of 
students. Also, the differences in emphasis 
could be consistent with the varied expecta- 
tions of the different science curriculum 
experiences for these students. Until an 
indepth and comprehensive follow-up 
study is conducted, one should not jump to 
the conclusion that it was a case of the "self- 
fulfilling prophesy" being practiced. 

OTL-ACH Relationship 

The findings of OTL-ACH correlations are 
very interesting (see Tables 3A, 3B and 3C). 
(a) At the P5 level, the correlations between 

the mean OTL rating and science achieve- 
ment were surprisingly high and con- 
sistently significant across the five different 

TABLE 2A: SCIENCE, MATHEMATICS AND VOCABULARY 
INTER-CORRELATIONS AT THE P5 (POP 1) LEVEL 

Science Achievement Test 
(Maths) (Vocab) 

Core 1M 1A 1B 1C 1D 1Q 1v 

Core 
1 M 
1A 
1B 
1 C 
1D 

1Q 
1v 

All correlations are significant at ,001 level. 
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TABLE 2B: SCIENCE, MATHEMATICS AND VOCABULARY 
INTER-CORRELATIONS AT THE S3 (POP 2) LEVEL 

Science Achievement Test 
(Maths) (Vocab) 

Core 2M 2A 2B 2C 2D 2Q 2V 

Core 
2M 1 .OO .693 .653 .626 ,702 ,562 ,382 
2A 1.00 ,580 ,603 ,657 ,492 ,378 
2B 1 .OO ,521 ,596 .444 ,371 
2C 1 .OO .544 .472 ,305 
2D 1 .OO ,521 ,375 

2Q 1 .OO ,272 
2 v  1 .oo 

All correlations significant at ,001 level 

TABLE 2C: SCIENCE, MATHEMATICS AND VOCABULARY 
INTER-CORRELATIONS AT THE JCIPU (POP 3) LEVEL 

3B (Biology) 3C (Chemistry) 3P (Physics) 

3X (Phy Science) 3N (Non-Science) All Science All JCIPU 

(1) 3 s  refers to the 'Special' Science test (e.g., Biology, Physics, Chemistry or Physical Science or Science for the Arts' Students). 
All correlations significant at ,001 level, unless otherwise stated. 
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FIGURE 3A - 3C: THE MEAN OTL RATINGS OF THE SCIENCE ACHIEVEMENT 
TEST CORE ITEMS BY THE CLASS SCIENCE TEACHERS AT P5, S3 AND JCIPU 

LEVELS 

FIGURE 3A: O T L  RATING, PRIMARY 5 FIGURE 3B: O T L  RATINGS, SECONDARY 3 

1 Primary 5 ALL NORMAL EXTENDED I 1 I I 

Secondary 3 ALL SPECIAL EXPRESS NORMAL 

FIGURE 3C: OTL RATINGS AT THE JR. COLLEGEIPRE-UNIVERSITY LEVELS 
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TABLE 3A: OTL-ACH CORRELATIONS AT P5 LEVEL 

Stratum: 1 11 12 13 / 14 15 ( P5N P5E P5 

Pop 1 
I I I 

P5N 

Sex of School 

Nor. = Normal academic stream 
Ext. = Extended academic stream 

Pearson r: 
O T L  by Sci. 
Achievement 

TABLE 3B: OTL-ACH CORRELATIONS AT THE SECONDARY THREE LEVEL 

P5E 

I l l 

Boys Girls c o - e d  

P5 Sample 

0.584 0.622 6 1 0  1 0.465 0.599 

l 

TABLE 3C: OTL-RATINGS AND SCIENCE ACHIEVEMENT CORRELATIONS 
AT THE JC/PU LEVELS 

Boys Co-ed 

0.619 0.604 0.641 

Pop 3 3B 3C 3P 3X 
(Ju/pu) , Biology Chemistry Physics Phys. Sci. Non-Science Science 

(Nor) (Ext) Sample 

S 3  

Whole 

Sample 

0.365 

Sp. = Special Academic stream 
Ex. = Express Academic stream 
N = Normal Academic stream 

Pop 2 

Stratum: 

Sex of School 

Pearson r: 
OTL by Sci. 
Achievement 

Note: All correlations 0.001 level unless otherwise stated. 

S3N 

27 28 29 

Boys Girls Co-ed 

0.325 0.411 0.411 

Pearson r: 
O T L  by Sci. 
Achievement 
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Academic Streams 

Sp Ex N 

Co-ed Co-ed Co-ed 

0.259.' 0.361" 0.423 

S3S 

21 22 23 

Boys Girls Co-ed 

0.166 0.066 ,373 
nsd nsd 

S3E 

24 25 26 

Boys Girls Co-ed 

0.233. 0.199' 0.335** 

0 .25dL 0.022 
nsd 

0.122 
nsd 

0.114 0.259 0.205 
nsd 1 S 1 nsd 



strata and two academic streams. (Pearson 
r ranged from 0.47-0.62). There was a 
strong indication that at the primary level, 
the pupils' level of science attainment was a 
function of the class teachers' emphasis on 
what was taught. However, the strength of 
the OTL-ACH relationship deminished 
progressively from P5 to S3 (r = 0.365* *), 
across to JCIPU (r = 0.205). 

(b) The lack of significance at the JCIPU level 
is partly due to the fewer number of JC 
teachers from the 9 colleges who completed 
the OTL ' ratings. Likewise, the non- 
significant OTL-ACH correlations for S3, 
strata 2 1 and 22 might be due to only two or 
three teachers (at S3 SpecialIExpress) who 
completed the ratings for their class of 
students. Admittedly, the lower correla- 
tions could be due to the homogeneity in 
achievement among the highly selected 
group of Special stream students. 

(c) The diminishing correlations between OTL 
and ACH from Primary to Pre-University 
seem to reaffirm the observations of 
Walberg, House and Steele (1973) that dif- 
ferences across grade level accounted for 
more unique variance than any other pre- 
dictors (eg. class size, subject matter, 
giftedness designation and their inter- 
action). These lent support to the overall 
belief that with increasing intellectual de- 
velopment and maturity (ie. through S3 
and JCIPU), to a corresponding degree, 
the students' science achievement was in- 
creasingly less dependent on the science 
teachers' emphasis. On  the whole, findings 
of the relations between OTL and ACH 
support one of the six major generalizations 
reported by L. Anderson (1986) namely, 
" within countries, teachers dz& greatly in what 
they teach relative to what is tested" (cited by 
Mick Dunkin, 1986). 

Sex Differences and Science Achievement 

In addition to the stark differences in science 
achievement between the academic streams, 
sex differences was another obvious factor. 
(a) Consistently across each population, the 

male students performed significantly 
better than their female counterparts on the 
science test. The margin of difference is 

least at P5 (a difference of 2.2 mean-points 
in favour of boys) and greatest by S3, with a 
difference of 3.6 mean-points and levelling 
off with a difference of 2.6 mean-points at 
the JCIPU level (see Annexes 2A, 2B and 
2C). 

(b) The absence of a difference between boys 
and girls on the V and Qtests might be due 
to the fact that the tests were relatively easy 
for the majority of students and thus, failed 
to discriminate between the sexes. 

(c) In the earlier Report on Primary 5 (Yeoh 
and Tan, 1984), it was already noted that 
irrespective of the differences in academic 
streams, the boys' schools R,, of 30.8 f 7.1 
and X,, of 15.6 + 5.1) 2 did better than the 
girls' schools (X,, of 27.5 + 7.5) who in turn 
were better than the co-ed schools. (X,, of 
24.6 + 7.1 a n d x , ,  of 13.8 f 4.2). 

(d) Figures 4A/B/C confirmed beyond any 
doubt the dominance of males over 
females, across grade-levels, academic 
streams and science subject specializations. 
Even within the co-ed schools, the males 
continued to out-perform the females. 
Within each academic stream, on the 
average, the boys in the boys' schools were 
academically superior to the boys in the 
mixed schools. Likewise for the girls. One 
of the reasons for such a difference was due 
to the fact that traditionally, the boys'lgirls' 
schools were the elite or semi-private 
schools which attracted the better students 
while the public schools were generally 
more heterogeneous in student abilities. 

(e) It is worth noting that the strong male- 
female differences in science achievement 
persisted across the different areas of 
science specialization (ie. 3B, 3C, 3P and 
3x1 but was completely absent among 
the 3N students. This phenomenon is 
fascinating. Could it be that the absence of 
science in the past two years (since Sec 4, 

2 The subf~xes refer to the means of the different strata, e.g 
Strata l l = Speck1 Boys' school 

12 = Special Girls' school 
13 = Speck1 Co-ed. school 
14 = Express Boys' school 
15 = Express Girls' school 

16 = Express Co-ed. school 
17 = Normal Boys' school 
16 = Nonnal Girls' school 

19 = Normal Co-ed. school 
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Enrolment of Students in  
JCIPU Science in 1984 by Sex (refer to para (f) below) 

JCIPU Science Subject 
Enrolment (6984) 

Male Female 

. . . . . . . . . . . . . . . . . . . . . . . . .  Biology and Human and Social Biology. 14,209 (37.4%) 23,772 (62.6%) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Physics 10,888 (63.2 %) 6,339 (36.8%) 

Chemistry. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8,278 (59.3%) 5,678 (40.7%) 

GCE '0' level) might have "washed out" 
the lingering effects normally attributed to 
the influence of science learning? 

(0 From secondary 3 (beyond the first six 
years of compulsory science - four years at 
primary and two years at lower secondary), 
science in school becomes an elective subject 
or subject specialization chosen by those who 
are science-oriented. The table above 
confirm that more males (6,938) enrol for 
science than females (4,654) (Yeoh, 1986). 
Clearly, more males prefer the "hard 
sciences" (physics and chemistry). This 
may have led to the physical sciences to 
acquire an aura of masculinity through the 
numerical dominance of males (Kelly, 
1985). 

In contrast, about two-thirds of the 
enrolment in Biology were females and hence, 
the general belief that Biological Science was a 
"soft science". Alison Kelly has noted that the 
male dominance in Physics and Chemistry 
might have influenced the perceptions of the 
junior pupils of the masculinity ofthese subjects 
and thus contributing to the perception that it 
was mainly for boys. However, how this may 
directly affect the sex difference subsequently in 
science achievement is more complex and not 
so readily explained or accounted for. 

In the attempt to account for such differences 
in sexes on science achievement, Kelly (1985) 
advocated a strategy to make science more 
' <girl-friendly" (presumably to make science 

FIGURE 4A: MEAN PERCENT CORRECT RESPONSE ON THE 1M (CORE) SCIENCE 
TEST BY MALE 1 FEMALE PUPILS AT PRIMARY 5 (POPN. 1) LEVEL 

Key: A = Male 
= Female 

I I M = Stratum 11, Male 
13M = Stratum 13 (Co-ed.), Male 

2 5 . 8  

13F = Stratum 13 (Co-ed.), Female 

& o  1 I I I I I l l I I > 
Male Female IlM 12F 13M 13F 14M ISM ISF 

Normal Stream Extended Stream 
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FIGURE 4B: MEAN PERCENT CORRECT RESPONSE ON THE 2M (CORE) SCIENCE 
TEST BY MALE / FEMALE STUDENTS AT SECONDARY 3 (POPN. 2) LEVEL 

Y' A = Male (M) 

Key: Strata 21, 22 & 23 are Special 
b 8 . 6  

Stream Boys', Girls' & Co-ed Schools. 

Strata 24, 25 & 26 are Express 
Stream Boys', Girls' & Co-ed Schools. 

-&\  40.1 
Strata 27, 28 & 29 are Normal Stream 
Boys', Girls' & Co-ed Schools. 

n F  21 22 23 23 26 25 26 26 27 28 29 29 
M F  H F  H F  H F  U F  M F  
4- SPECIALd - EXPRESS - N O W  

FIGURE 4C: MEAN PERCENT CORRECT RESPONSE ON THE 3M (CORE) SCIENCE 
TEST BY MALE / FEMALE AT THE JCIPU LEVELS 

Key: A = Male ( M )  

= Female ( F )  
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more attractive to girls) by (a) offering a better 
image in the balance between male and female 
scientists and (b) by linking science teaching 
more to ourselves, our everyday lives and 
whenever possible, (c) to promote the creative, 
imaginative and aesthetic goals of the scientific 
activities. 

Kelly (1985) rejects any influence that might 
be biological in origin. However, it is pre- 
mature to conclude that it is only socialization 
that causes sex differences in science learning. 
For example, it has been shown world wide as 
well as in Singapore that more boys than girls 
are born each year (Chow 1985). The 
fascinating explanation to account for such a 
difference lies in the fact that the male species is 
the weaker sex with higher spontaneous 
abortion rates, higher still births, higher infant 
mortality rates and shorter lifespans. As a re- 
sult, during genetic evolution, nature produced 
more male to compensate for their weakness. 
Given the paucity of evidence at hand, the 
phenomenon of sex differences in science 
achievement will remain an intriguing and 
fascinating issue. The 'masculinity' of science 
will not be so readily redressed by merely 
changing a few socializing factors in the science 
learning environment. 

The Cross-sectional Comparisons 

The cross-sectional perspectives on science 
achievement is an attempt to offer a synoptic . - 

map of science learning across the P5, S3 and 
JCIPU levels. The comparisons were based on 
the performance or responses to the anchor items 
(to compare between two populations) or the 
items that bridged FISS ('73) to SISS ('84). 
The comparisons are summed up briefly in the 
sections that follow. 

Science, Mathematics and Vocabulary 
Attainment 

Across all these tests, the intellectually more 
mature students in the upper grades performed 
significantly better than those in the lower 
grades. The relationship between the levels of 
mastery or achievement and differences in level 
of cognitive development points to the impor- 
tance of appropriate grade placement for the 

learning of specific science content and 
concepts. 

OTL Ratings in Science 

Figure 5A sets out graphically the differences in 
OTL ratings on the anchor science test items 
between P5 and S3, and S3 and JCIPU (see 
Fig. 6A) levels. The overall pattern was 
obvious: 
(a) teachers' emphasis (the OTL ratings) 

increased as one moved from primary to 
the secondary and junior college levels. 

(b) the pattern of teaching emphasis across 
P 5 6 3  and S3/JC was almost a mirror 
image of their corresponding pattern of 
science achievement (see 5B and 6B). This 
reaffirmed the strong association between 
OTL and the students' level of science 
achievement. In view of the spiral nature of 
the general science curriculum between 
P5/S3, the difference or divergence in the 
teachers' emphasis was not as great as com- 
pared to that between S3/JC-PU levels 
where science had become specialised and 
discipline-oriented. 

Science Learning (DES) and Students' 
Attitude (ATT) 

Details of the comparisons of the students' 
responses to how they learn science (DES) and their 
attitude (ATT) towards school and science have 
been reported in full in Yeoh and Tan (1986) 
and now repeated in Figures 7A and 7B. 
(a) Description of Science Learning 

It was reported that field studies outside the 
classroom were only an occasional event 
(see Fig. 7A, items 1-4). 
In this regard, the nature of the science 
laboratory practical experiences as an aid to 
science learning has yet to be more fully 
exploited. These initial observations (also 
revealed in the studies in United States) 
point to the need to examine more closely 
the role of laboratory work in science 
(Hegarty, 1982; Welch, W W et al. 1981) 
and its relations to the curricular expecta- 
tions of science learning at the different 
grade levels. Also, within each grade, there 
is the need to understand how the 



FIGURE 5A: COMPARISON OF THE MEAN PERCENT OTL RATINGS ON THE 1M 
AND 2M SCIENCE TESTS BETWEEN P5 AND S3 LEVELS 

Extent of Teacher Emphasis (Mean Percent Opportunity-to-learn Ratings) 
20 30 4 0 50 60 70 80 90 100 
1 r r I 1 I I 1 

WHY WE CAN SEE MOON 
/-4 

A-- _---  - C - - -  

( -  - k---- ROCKETSHIP T O  MOON ----__ ---_ - =- READ THERMOMETER 

OL WIND BLOWS 
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&BEAKS OF BIRDS 

- 
- AN SOWN IN POTS 

- -TRUE ABOUT SEEDS 

- ,MILK UNDER REFRIGERATION 

- -- -Q PAINT O N  IRON - . 
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- -*EVAPORATION 

- CHIMING OF PIPES 
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XEED GERMINATION 
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K &CTION O F  BICYCLE PUMP 
\ 

% . 
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SEESAW 

Key: 1M21- - 
2A04 refers to tcst item 21 in lb1 Tear which is the anchor 

test item of item 4 in Rotated Test Form 2A. 
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FIGURE 5B: A COMPARISON OF P5 AND S3 PERFORMANCE ON THE COMMON 
(ANCHOR) SCIENCE TEST ITEMS 

PERCENT CORRECT (p-Value) ON SCIENCE "ANCHOR" TEST ITEMS 
20 30 40 50 6 0 70 80 9 0 100 

l I I l 1 1 l 1 i 
WHY WE CAN SEE MOON 

ROCKETSHIP T O  MOON 

DENTITION: INFER ANIMAL 

Key: - -- = PRIMARY 5 
TRUE ABOUT SEEDS 

TYPE 

b. . 
\ . 
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H O F  WOODBLOCK- _ , - , -3 - 
BOUNCE RUBBER BALLS _/(--  

p: 
\ 
\ . ,b EVAPORATION 
, 

g * CHIMING O F  PIPES -_ - - - - - -_ - - -  - - - - - 
TORCHLIGHT CIRCUIT & BATTERIES * / / = p  

_M- -  

0 
,C, 

SEED GERMINATION , 0 

# -N_O FLOWER SEEDS, UNLESS. . . . -- - --C ---  
ACTION OF PUMPING CYCLE TYRE - /-* - -- 

. - 
-\ 

-D 

Key: 1M21- 
2A04 means Test item 2 l (in l M Test) is identical to 

that of Test item 04 in the Alternate Form 2A test 

(Note: The Anchor test items are identical to P5 and S3. Hence, 
the opportunity to compare across the two different populations.) 
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SCIENCE ANCHOR TEST ITEMS FOR 2M AND 3M 

FIGURE 6A: COMPARISON OF THE MEAN PERCENT OTL RATINGS ON THE 2M 
AND 3M SCIENCE TESTS BETWEEN S3 AND THE JCIPU LEVELS 
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FIGURE 6B: A COMPARISON OF S3 AND JCIPC STUDENTS' PERFORMANCE ON THE 
COMMON (ANCHOR) SCIENCE TEST ITEMS 

Keys: * - -& = SECONDARY 3 

,-. = JR. COLLEGEIPU 

0 [ I I 1 I l I I t I 1 ! t I t t I 

T E S T W .  ... 07 18 06 17 08 1 1  12 16 10 20 A08 23 24 29 25 30 
TESTRi..Ol 04 05 06 07 08 10 1 1  12 19 22 24 25 27 28 29 

SCIENCE TEST ITEMS COMMON T O  TESTS 2M AND 3M 
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PERCENT RESPONSE 
o 20 40 60 RO I on 
1 1 - 

1 .  WE DO FIELDWORK OUTSIDE THE 
CLASSROOM AS PART OF OUR 

k . 6  SCIENCE LESSONS. 3 . 0  

P 5 2. STUDENTS THEMSELVES DO 
EXPERIMENTS AS PART O F  
SCIENCE LESSONS. 86 -8 

3. WE WATCH TEACHERS DO EXPERI- 
MENTS DURING OUR SCIENCE 
LESSONS. 3.4  

4. SCIENCE CLASS BREAKS INTO 
SMALL. GROUPS OF STUDENTS T O  
DO PRACTICAL EXPERIMENTS. 

5. TEACHER MAKES SCIENCE 
LESSONS INTERESTING FOR US. 

2 . 6  7.9 5 1 . 2  
6 6 . 8  

6. WE USE A TEXTBOOK DURING 
SCIENCE LESSONS. 

11.8  

7. WE USE BOOKS OTHER THAN 4 7 . 6  

TEXTBOOKS FOR LEARNING 
SCIENCE. 

29.4  

8. WE ARE ALLOWED T O  CHOOSE 
TOPICS WE WANT T O  STUDY 
IN SCIENCE. 6 1 . 9  

9. TEACHER USES OUR IDEAS AND 
SUGGESTIONS WHEN PLANNING 
SCIENCE LESSONS. 3 . 2  73 .4  

11 .  WE COPY TEACHER'S NOTES 
FROM CHALKBOARD DURING 
SCIENCE LESSONS. c/eu 33-6?.6 4  .o 

Key: = NEVER 
X = OFTEN 
A = SELDOM 

FIGURE 7A: DESCRIPTION OF SCIENCE LEARNING BY P5, S3, JCIPU 
STUDENTS (A FEW SELECTED ITEMS). 
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laboratory experiences are an aid to science 
learning (Tamir, 1975, 1977; Lunetta and 
Tamir, 1979) and thereby ensure that the 
conduct of science practical exercises or 
fieldwork are not limited to the low cogni- 
tive level of "doing" science at the expense 
of learning science (Yeoh, 1979). Clearly, 
the need to design successful classroom - 

learning environments for different types of 
teaching and learning (Anderson, 1986; 
Good and Power, 1976) have yet to be 
explored systematically in science 
education. 

(b) Attitude towards Science and Schooling 
Figure 7B sets out graphically a comparison 
of the students' attitude towards specific 
issues related to science and schooling 
across P5, S3 and JCIPU. It appears that 
"the students' enjoyment of science 
diminishes" because they see science as a 
subject with "many facts to learn" and 
becomes increasingly "more difficult". 
This trend is clear as we move from S3 to 
JCIPU levels. Inspite of the overall positive 
orientation or attitude towards the in- 
fluence of science on our lives and the 
service of science in nation building, it is 
rather alarming and disappointing that 
only 10 % and 5 % of the students at S3 and 
JCIPU respectively, would choose to be a 
science teacher. By the last year of school, 

those who "disagreed" with being a 
teacher has increased from 46% (at S3) to 
66% at JCIPU! Surely, the challenge is not 
only to convince these "die-hards" but 
more so, to swing those who are "un- 
decided" (44% at S3 and 29% at JCIPU) 
over to consider science teaching as a 
career. 

Singapore SISS (1984) vs International 
FISS (1973) 

By means of the bridge science test items, the 
students' performance (determined by the per- 
centage correct response) is compared across 
SISS and FISS, as shown in the table below: 

The relationship between the students' per- 
formance in SISS and FISS at P5, S3 and 
JC/PU levels is summed up in the table below 
and in Figures 8A, 8B and 8C respectively. 
(a) At prima7y 5, the split is more in favour of 

FISS, ie. pupils (in 1984) having had only 2 
years 3 months of formal school science, 
experienced more difficulty with 18 of the 
27 science items. In the earlier report (Yeoh 
and Tan, 1984), it was noted that this was 
science content that had not been taught or 
were items that tested higher order levels of 
cognitive thinking. In contrast, items that 

Singapore SISS (1984) International FISS (1973) 

Pop 1: 
compare 27 bridge science test items 

P5 - 
(see Fig. 8A) 

9 items in favour of SISS (33.3%) 18 items (66.6%) in favour of FISS 

Pop 2: 
compare 32 bridge science test items 

S3 4- * 
(see Fig. 8B) 

20 items (62.5%) in favour of SISS 6 items (18.8%) in favour of FISS 

Pop 3: 
compare 18 bridge science test items 

JCIPU - * 
(see Fig. 8C) 

16 items (88.9%) in favour of SISS 1 item (5.6%) in favour of FISS 



PERCENT RESPONSE 
0 20 4 0 6  0 80 1 9  

I 1 

1 .  SCIENCE IS AN ENJOYABLE 
SUBJECT. 

2. SCIENCE TAUGHT AT SCHOOL 
IS INTERESTING. 

3. SCIENCE IS A DIFFICULT 
SUBJECT. 

4. THERE ARE TOO MANY FACTS 
TO1 LEARN IN SCIENCE. 

5. SCIENCE MAKES THE WORLD A 
BETTER PLACE IN THE FUTURE. 

6. SCIENCE IS VERY IMPORTANT FOR 
COUNTRY'S DEVELOPMENT. 

7. GOVERNMENT SHOULD SPEND MORE 
ON RESEARCH. 3 .4  

8. SCIENCE HAS RUINED THE 
ENVIRONMENT. C/PU 27 .9  

34 .5 
9. SCIENTIFIC DISCOVERIES DO MORE 

HARM THAN GOOD. 
3 5 .  

10. I FIND SCHOOL CHALLENGING. 

.O 80 .5  

11. I WANT AS MUCH EDUCATION AS I 
CAN GET. 

l 
12. I ENJOY EVERYTHING ABOUT 

SCHOOL. 
3.1 

13. I WOULD LIKE T O  BE A TEACHER 
WHEN I LEAVE SCHOOL. 

4 . 9  4\66.2 

Key: = AGREE 
X = DISAGREE 
A = UNDECIDED 

FIGURE 7B: SELECTED ITEMS OF STUDENTS' OPINION ABOUT SCIENCE AND 
SCHOOLING ACROSS, P5, S3 AND JCIPU 
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were commonly emphasised in the science 
syllabus (eg. electric circuit, plant and 
animal life processes, etc) - nine out of the 
27 items or 33.3% - pupils are "better" 
than the mean p-value of the international 
FISS sample. 

(b) In direct contrast, by the last year of school- 
ing (where pure science is structured as an 
elective for our best students), JCIPU 
science students perform far more superior 
on 89% (16 out of 18) of the items where 
compared to FISS (see Fig. 8C). 

(c) The progressive change in improvement in 
the level of science achievement was 
already discernible by the end of Secondary 
2 (the last year of compulsory science in 
school). At the time of testing, the S3 
students were basically at the S2 level of 
science mastery. By then, the students do 
better on 20 out of 32 science items (or 
62.5 %). In addition, they were at par with 
FISS on 6 items (18%). The 6 items that 
our students had more difficulty with, were 
items that were either not emphasised in 
our syllabus or which demanded the 
exercise of higher order intellectual reason- 
ing skills. 

Cross-Sectional Perspectives: A Summary 

This large scale survey of science education 
across a stratified, representative sample of 
students at P5, S3, SCIPU levels has offered 
some useful insights about the nature of the in- 
fluences on science achievement in schools. 
The univariate and bivariate cross-sectional 
analysis revealed the following discernible de- 
velopments or trends across the three different 
age groups. 

Consistently across each population, on the 
average, males performed significantly better 
than the females on the paper-pencil science 
achievement test. The differences in achieve- 
ment was greater at the S3 and JC/PU levels. 
At the time when science was an elective and 
studied as a pure science subject, about 
60%-63% chose Physics and Chemistry, in 
contrast to 63% females who   referred the 
Biological sciences. The net effect, if any, of 
these and other factors on the students' per- 
ceptions and achievement in science have yet to 
be more fully understood. 

Attempts to understand the phenomenon 
have gained much attention since the early 
studies by Maccoby (1966) and documentation 
on the issue of sex differences by Tyler (1969), 
Finn, Dulberg and Reis (1973) and Kelly 
(1985). The observation with the non-science 
students seemed to indicate that the sex dif- 
ferences in science achievement might be a 
transient one, and readily "washed out7' over 
time in a non-science learning environment. 

The cross-sectional comparisons using the 
anchor science test items confirmed that, 
(a) students in the upper grades performed 

significantly better on the test items, 
(b) students streamed into the above average 

or top 60% streams (eg. P5 Normal and S3 
Special and Express) out-performed their 
contemporaries in the below average or 
slower academic streams (eg. P5 Extended 
and S3 Normal), 

(c) the student's level of achievement on the 
science test, across the different grade levels 
and different academic streams was posi- 
tively related to their opportunity-to-learn, 

(d) with increasing intellectual maturity and 
cognitive autonomy, students at S3 and 
JCJPU were increasingly less dependent in 
the teacher's emphasis. In contrast, pupils 
in the primary school level were more 
"field dependent". Hence, the teacher's 
influence on the pupils' performance in 
these early years of primary school had very 
strong effects on what and how well they 
learnt. 

The verbal (Word Knowledge Test) and 
Numerical (Maths Test) mental ability tests 
were significant correlates of science achieve- 
ment, consistently across P5, S3 and JC/PU 
levels. However, the Maths test was a better 
predictor of science achievement. It also dis- 
criminated well the non-science students from 
the science-oriented students who were on the 
average, better in mathematics. 

Measures of what students did during 
science learning (DES) highlighted the fact that 
the textbooks and examination-oriented learn- 
ing environment influenced much of what and 
how they learnt science. The potential of field 
studies to supplement science teaching and the 
use of the laboratory to aid science learning 
have yet to be exploited fully. 
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FIGURE 8A: A COMPARISON OF SCIENCE PERFORMANCE AT P5 (USING THE 27 
ANCHOR ITEMS) BETWEEN SISS (1984) AND FISS (1973) IN 19 COUNTRIES 

SISS (1984): Percent Correct Response 

Items in favour of FISS Items in favour of SISS 

01 ABLE T O  SEE MOON 
02 TRAVEL TIME TO MOON 
06 TEMPERATURE CHANGE 
08 MAMMALIAN SKULL: DENTITION 
09 RACE: PULSE & TEMPERATURE 
12 PLANT FERTILIZATIOY 
13 SEED GERMINATION 
14 MILK UNDER REFRIGERATION 
16 PAINT ON IRON 
18 BOUNCE RUBBER BALLS 
19 TWO HOLES T O  POUR OUT JUICE 
20 SEESAW LEVER MOVEMENT 
22 PETROL AND WATER EVAPORATION 
23 PITCH OF SOUND: CHIMING PIPE 
A1 OXYGEN FOR LIFE 
A2 WEBBED FEET 
A3 HEREDITY 
A7 GRAVITY ACTION 

SHADOW: TIME OF DAY 
READ TEMPERATURE TABLE 
READ THERMOMETER 
BEAKS OF BIRDS 
GERMINATION EXPERIMENT 
REPRODUCTION BY SEED 
PUMPING BICYCLE TYRE 
FLASHLIGHT CIRCUIT 
STRING TELEPHONE 
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FIGURE 8B: A COMPARISON OF SCIENCE PERFORMANCE AT S3 (USING 32 ANCHOR 
ITEMS) BETWEEN SISS (1984) AND FISS (1973) IN 19 COUNTRIES 

SISS (1984): Percent Correct Response 

Items in favour of FISS 

09 MAMMAL SKULL 
10 RESPIRATION APPARATUS 
18 POISONOUS COMPOUNDS 
19 PAINT O N  IRON 
22 BOUNCE RUBBER BALLS 
23 HYDROGEN IN CONTAINER 
24 OBJECTS ON THREAD 
26 PIPE CHIMES 
29 HIDDEN CIRCUIT IN BOX 
A3 REHEATED MEAT 
B2 NOT ABDOMINAL ORGAN 

Items in favour of SISS 

01 WHY WE CAN SEE MOON 
03 BEAKS OF BIRDS 
08 AQUATIC ORGANISMS 
12 INSECT CO, APPARATUS 
13 TRUE ABOUT SEEDS 

BEANS SOWN IN POTS 
HEAT ZINC AND SULPHUR 
PARTICLES IN CHEMICAL CHANGE 
HEAT FLOW APPARATUS 
LAMPS IN CIRCUIT 
SPACESHIPS COMMUNICATE 
PIVOTTED ROD 
ENERGY FOR PHOTOSYNTHESIS 
MEASURING CYLINDER 
JUMP O N  MOON 
IRON SULPHUR MIXTURE 
SPEED O F  EVAPORATION 
MAMMAL BIRTHWEIGHT 
METAL TRAY COLDER 
GLASS WITH IRON FILINGS 
ITEMS NOT MAGNETIC 
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FIGURE 8C: A COMPARISON OF SCIENCE PERFORMANCE AT THE JCIPU LEVELS 
(USING 28 ANCHOR TEST ITEMS) BETWEEN SISS (1984) AND FISS 

SISS (1984): Percent Correct Response 

Test Items: 

02 FOSSIL IN MOUNTAIN 
07 AQUATIC ORGANISMS 
09 CERTAIN FERTILIZATION 
10 INSECT CO, APPARATUS 
12 RESPIRATION APPARATUS 
14 MYRTLE OAK LEAVES 
16 ALCOHOL BURNT IN AIR 
17 ZINC STRIPS 
18 MOLECULAR FORMULA OF 

HYDROCARBON 

20 FLOUR EXPLOSION 
21 SULPHURIC ACID PLUS ZINC 
23 INCLINED PLANE 
24 HYDROGEN IN CONTAINER 
25 OBJECTS O N  THREAD 
28 HEATFLOW APPARATUS 
29 LAMPS IN CIRCUIT 
30 RADIOACTIVE ELEMENT 
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The comparison between students' perfor- 
mance in SISS (1984) and FISS (1973) pointed 
confidently that the standard of science 
achievement at S3 and JCIPU was well above 
that of the international mean of the 19 coun- 
tries in FISS. Across from P5 to the last year of 
schooling, there was a distinct improvement in 
the standard and academic rigour in science 
achievement. 

Some Implications and Future 
Developments 

The comparisons across P5, S3 and JCIPU 
revealed, among other things two inter-related 
areas of urgent concern, namely, 
(a) the relatively lower level of science achieve- 

ment by students in the "below average" 
academic streams, and 

I (b) the strong association between students' 
achievement and the teachers' control over 
the students' opportunity-to-learn, and the 
apparent tendency to give less emphasis to 
students in the "slower" academic stream. 

These are urgent because in both instances, 
the intervention measures are alterable and can 
be moderated to help students to increase their 
level of science learning and performance. 

Priority for intervention should begin at the 
primary school level because of the greater re- 
liance of the pupils on the science teacher. The 
increased instructional time available at the ex- 
tended stream to complete primary school 
should be exploited to satisfy the special needs 
of these less able pupils (eg. at the extended 
stream). The teachers' influence (eg. creating 
the opportunity-to-learn) could focus on (a) the 
pupils' learning disabilities or areas of cumu- 
lative deficits, (b) remediation of pupils' mis- 
understanding or misconceptions in specific 
topics of science learning (by using the feedback 
gained from the distractor analysis of the 
science test items) and (c) a more varied pace of 
learning (with the CDIS designed science 
materials) to ensure pupils master the pre- 
requisite knowledge and skills, such as English 
Language proficiency and mastery in basic 
mathematical computation skills. 

In order of priority, efforts to help students 
improve should begin early in the primary 
levels because of the malleability of the pupils' 

intellectual and emotional development at that 
age group. A recent study of the language 
acquisition, home environment and science 
learning of a small group of primary 3-5 pupils 
in Singapore (Eunice Tay, 1985) indicated that 
the educational home environment (mother's 
education, amount of English and dialect - 

spoken at home) had a significant influence on 
the English Language achievement at primary 
3 (path coeff of 0.43) and its mediating in- 
fluence subsequently on science achievement at 
primary 4 (0.70) and at primary 5 (0.60). 

If science learning in the upper grades is seen 
to be "difficult" because of "many facts to 
learn", then the need to examine more closely 
the teaching methods will promote conceptual 
learning in science education (Yeoh, 1979). 
This might be one of the many alternatives to 
reduce the burden of learning science that is 
presently laden with factual content. 

The positive students' attitude towards 
science across the different age groups con- 
firmed the general notion that learning science 
should not be value-free or value-neutral. 
Indeed, the valuative process - the balance 
between learning science concept and 
principles on the one hand and values on the 

other - forms a crucial and integral part of 
the science learning experience (Yeoh, 1980). 
The influence of students' values and attitude 
in the intended direction should be pursued 
more deliberately rather than allowed to drift 
along in an indeterminate fashion. 

An on-going analysis of the secondary 3 
sample of SISS students revealed the strong 
mediating effect of students' attitude on science 
achievement (Lim, 1986) as shown in the re- 
cursive causal model below: 

SEX 

(0.20) 

0.03 

SCIENCE 

SCIENCE 
ACHIEVEhlENT 

(.,'.CH) 

LEARNING (DES) 

Note: Values in ( ) are zero order correlations. Others are 
Path coefficients. 
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However, as OTL correlates 0.365 with 
science achievement and is considerably 
greater than DES-ACH relationship, pre- 
sumably when O T L  is taken into account in the 
model, the effect size attributed to attitude 
would be much reduced. These observations 
seem to support Anderson's second generaliza- 
tion, namely, "student's perception of the classroom 
and the instruction they receive influence their achieue- 
ment and attitude.'' 

Given the complex multivariate interactions 
among the range of influencing factors, the 
intention of SISS is to seek, in successive 
approximation, a better understanding of the 
nature of the causal relationship amongst the 
presage, process and product variables. For 
example, an understanding of the students' 
cognitive preference (Mary Chan, 1984) in 
learning Chemistry at JCIPU, or how the 
students' cognitive style explain the differences 
in the students' science practical performance 
(Kam, 1985) have helped to clarify how the dif- 
ferences in cognitive styles and in science 
curriculum have an influence on science 
achievement. Subsequent data analysis will 
proceed with other forms of interpretation, 
such as using Rasch scaling methods to map out 
more precisely the differences in standards of 
attainment across different grade levels in 
science learning. There will be studies on the 
use of multiple regression techniques to as- 
certain the causal relations among the 
multitude of factors that influence science 
learning outcomes, in particular the oppor- 
tunity to verify 3 sets of proximal and psy- 
chological factors namely, student factors such 
as (age, ability, motivation), instructional 
factors, (amount of instruction and quality of 
instruction) and psychological factors in the 
environment (home environment, classroom 
morale, peer group and mass media) that have 
consistent associations with academic learning 
(Walberg and Lane, 1985). 

Having embarked on SISS (1984), it would 
be highly worthwhile to follow through with the 
longitudinal study of the P5 cohort when the 
pupils reach S3 (in 1988) and JCIPC (in 
1991), or to follow the S3 cohort to JCIPU in 
1987. In each instance, the criterion would be 
the science achievement test used in the SISS 
(1984) study. These will then offer a longitu- 

dinal, cross-sectional study and understanding 
of the science performance of each student 
cohort, from the primary level through the 
adolescent period of their intellectual growth 
and development while in school. This is now 
feasible because of our experiences with SISS 
and most definitely, a desirable aspiration to 
pursue in the years ahead. 
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ANNEX 1 

AGE DISTRIBUTION OF PRIMARY 5,  SECONDARY 3 
AND JUNIOR COLLEGEIPRE-U POPULATIONS IN 1984 

ANNEX 1A 

AGE DISTRIBUTION OF PRIMARY 5 NORMAL & EXTENDED COURSE STUDENTS 
(POPULATION 1) 

Age o n  1.1.84' 9 +  10+ 11 + 12+ 13 + 14 + Total  
Primary 5 Normal 22 40296 720 160 27 7 41232 
Primary 5 Extended 2453 254 109 46 9 287 1 
Total  22 42749 974 269 73 16 44103 

*Projected o n  the basis of 30.6.83 data.  
(Source: Pupil Da ta  Bank, Ministry of Education) 

ANNEX 1B 

AGE DISTRIBUTION OF SECONDARY 3 STUDENTS (POPULATION 2) 

Age on 1.1.84* 12+ 13+ 14+ 15 + 16+ 17+ 18+ 19+ 20+ Total  
Sec 3 Special 0 22 1310 7 1 15 3 0 1 0 1422 
Sec 3 Express 1 104 17200 1381 407 26 10 1 0 19130 
Sec 3 Normal 0 42 7764 6215 3879 26 15 7 2 17950 
Total  1 168 26274 7667 4301 55 25 9 2 38502 

*Projected on the basis of 30.3.84 data.  
(Source: Pupil Data  Bank, Ministry of Education) 
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ANNEX IC 

AGE DISTRIBITION FOR POPULATION 313N 
Age on 1.1.84* 16 + 17 + 18 + 19 + 20 + 21 + Total 
Pre-U I11 0 2 1202 580 64 4 1852 
Junior College I1 12 5290 1033 168 7 0 6510 
Total 12 5292 2235 748 71 4 8362 

*Projected on the basis of 30.6.83 data. 
(Source: Pupil Data Bank, Ministry of Education) 

ANNEX 2 

POPULATION I: SUMMARY OF THE SCIENCE ACHIEVEMENT, VOCABULARY 
AND MATHEMATICS TEST SCORES, FOR PRIMARY 5 

(POPULATION l) ,  SINGAPORE 

(The data reported are weighted mean scores, uncorrected for guessing) 

ANNEX 2A 

- 1 Science Achievement Test (1ACH) 

1.1 The Common Core Test 1M (24 pts. max.) Mean f SD KRzo 
(a) Whole sample . . . . . . . . . . . .  (n = 5547): 11.2 k 4.1 0.8321 
(b) Normal stream . . . . . . . . . . . .  (n = 3853): 11.7 f 4.5 0.8173 
(c) Extended stream . . . . . . . . . .  (n = 1694): 6.7 t 1.4 0.6001 

. . . . . . . . . . . . . . . . . . . .  (d) Male (n = 2903): 11.8 f 4.1 0.8448 
(e) Female . . . . . . . . . . . . . . . . . .  (n = 2644): 10.7 f 3.9 0.8098 

1.2 Alternate Test Forms A, B, C, D (12 pts. max. test.) 
(a) Alternate Test Form 1A . . . .  (n = 2770): 6.5 t 2.5 0.8107 
(b) Alternate Test Form 1B . . . .  (n = 2767): 6.0 & 2.4 0.7862 
(c) Alternate Test Form 1C . . . .  (n = 2769): 8.0 f 2.4 0.8045 
(d) Alternate Test Form 1D . . . .  (n = 2777): 5.9 f 2.4 0.7690 

1.3 Total Test Score (48 pts. rnax.) 
Whole sample . . . . . . . . . . . . . . . .  (n = 5547): 24.4 t 7.9 - 
Normal stream . . . . . . . . . . . . . . . .  (n = 3853): 25.5 t 8.4 - 
Extended stream . . . . . . . . . . . . . .  (n = 1694): 13.9 f 2.3 - 
Male . . . . . . . . . . . . . . . . . . . . . . . .  (n = 2903): 25.5 t 8.0 - 
Female . . . . . . . . . . . . . . . . . . . . . .  (n = 2644): 23.3 f 7.5 - 

- 2 VocabularyIWord Knowledge Test (1V) (max. 40 pts.) 

(a) Whole sample . . . . . . . . . . . . . . . .  (n = 5547): 23.3 k 5.2 0.6961 
(b) Normal stream . . . . . . . . . . . . . . . .  (n = 3853): 23.6 f 6.0 0.7021 
(c) Extended stream . . . . . . . . . . . . . .  (n = 1694): 20.9 f 2.3 0.4811 
(d) Male . . . . . . . . . . . . . . . . . . . . . . . .  (n = 2903): 23.5 * 5.2 0.7076 
(e) Female . . . . . . . . . . . . . . . . . . . . . .  (n = 2644): 23.5 f 5.3 0.6825 

- 3 Mathematics Test ( I Q  (rnax. 20 pts.) 

(a) Whole sample . . . . . . . . . . . . . . . .  (n = 5546): 14.1 -t 3.0 0.7280 
(b) Male . . . . . . . . . . . . . . . . . . . . . . . .  (n = 2902): 14.2 + 3.0 0.7406 

. . . . . . . . . . . . . . . . . . . . . .  (c) Female (n = 2644): 14.0 f 3.0 0.7150 
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POPULATION 11: SUMMARY OF THE SCIENCE ACHIEVEMENT. 
VOCABULARY AND MATHEMATICS TEST SCORES. 
FOR SECONDARY 3 (POPULATION 2). SINGAPORE 

(The data reported are weighted scores. uncorrected for guessing) 

ANNEX 2B ))I 

. 1 Science Achievement Test (2ACH) 

1.1 The Common Core Test 2M (30 pts . max.) Mean + SD KR2o 
(a) Whole sample . . . . . . . . . . . .  (n = 4430): 16.5 f 4.9 0.8620 
(b) Special stream . . . . . . . . . . . .  (n = 216): 21.8 + 2.9 0.7363 
(c) Express steam . . . . . . . . . . . .  (n = 2298): 18.7 f 4.3 0.8256 
(d) Normal . . . . . . . . . . . . . . . . . .  (n = 1916): 13.4 f 3.7 0.7377 
(e) Male . . . . . . . . . . . . . . . . . . . .  (n = 2224) 17.4 & 3.0 0.8723 
( f )  Female . . . . . . . . . . . . . . . . . .  (n = 2206): 15.5 f 4.5 0.8374 

1.2 Alternate Test Forms A, B, C, D (15 pts . max . test.) 
(a) Alternate Test Form 2A . . . .  (n = 2216): 7.4 + 2.7 0.7837 
(b) Alternate Test Form 2B . . . .  (n = 2215): 7.8 + 2.5 0.7296 
(c) Alternate Test Form 2C . . . .  (n = 2210): 8.5 i 2.7 0.7334 
(d) Alternate Test Form 2D . . . .  (n = 2213): 6.3 f 3.0 0.8237 

1.3 Total Test Score (60 pts . max.) 
(a) Whole sample . . . . . . . . . . . .  (n = 4430): 31.5 f 9.10 - 

. . . . . . . . . . . .  (b) Special stream (n = 216): 42.4 + 5.6 - 

(c) Express stream . . . . . . . . . . . .  (n = 2298): 35.9 f 8.0 - 
(d) Normal stream (n = 1916): 25.4 f 6.3 - 
(e) Male . . . . . . . . . . . . . . . . . . . .  (n = 2224): 33.3 + 9.5 - 
( f )  Female . . . . . . . . . . . . . . . . . .  (n = 2206): 29.7 f 8.3 

. 2 VocabularyIWord Knowledge Test (2V) (max . 40 pts.) 

(a) Whole sample . . . . . . . . . . . . . . . .  (n = 4428): 23.9 k 5.4 0.7174 
(b) Special stream . . . . . . . . . . . . . . . .  (n = 216): 26.3 f 4.6 0.7557 
(c) Express stream . . . . . . . . . . . . . . . .  (n = 2297): 25.4 f 5.2 0.7227 
(d) Normal . . . . . . . . . . . . . . . . . . . . . .  (n = 1915): 21.7 + 4.9 0.6206 
(e) Male . . . . . . . . . . . . . . . . . . . . . . . .  (n = 2221): 23.8 + 5.5 0.7314 

. . . . . . . . . . . . . . . . . . . . . .  ( f )  Female (n = 2207): 23.9 f 5.2 0.7028 

. 3 Mathematics Test ( 2 Q  (max . 20 pts.) 

(a) Whole sample . . . . . . . . . . . . . . . .  (n = 4430): 15.6 f 3.1 0.7515 
(b) Special stream . . . . . . . . . . . . . . . .  (n = 216): 18.5 + 1.3 0.4704 
(c) Express stream . . . . . . . . . . . . . . . .  (n = 2298): 16.9 f 2.3 0.6444 
(d) Normal stream . . . . . . . . . . . . . . . .  (n = 1916): 13.8 f 3.0 0.6898 
(e) Male . . . . . . . . . . . . . . . . . . . . . . . .  (n = 2223): 15.9 f 3.1 0.7696 
(9 Female . . . . . . . . . . . . . . . . . . . . . .  (n = 2207): 15.3 + 3.0 0.7276 
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A SUMMARY OF THE SCIENCE, VOCABULARY AND 
MATHEMATICS TEST FOR POPULATION 3 STUDENTS, SINGAPORE 

ANNEX 2C 

Science Tests (3ACH) 
Junior College1 Vocabulary Maths Test 
Pre-University 3M Core Special Test Test (3V) 
Population 3 Max. 35 pts Max. 35 pts Max. 40 pts Max. 20 pts 

All Science 25.2 k 5.1 27.4 f 5.7 18.4 t 1.8 
students 
N = 3560 

Science : 26.3 ? 4.7 27.7 f 5.8 18.6 f 1.6 
Male students - 
N = 2036 (0.7820) (0.8129) (0.5722) 

Science : 23.7 f 5.1 27.1 t 5.5 18.1 f 2.0 
Female students - 
N = 1524 (0.7807) (0.7791) (0.6505) 

3B or Biology 28.1 t 3.8 23.0 f 4.5 28.7 k 6.1 18.7 f 1.5 
students 
N = 902 

3C or Chemistry 26.1 f 4.2 21.5 f 5.9 26.9 f 5.3 18.6 f 1.4 
students 
N = 945 (0.7175) (0.8134) (0.7583) (0.4107) 

3P or Physics 24.3 f 4.3 18.8 f 4.6 27.4 f 5.4 18.7 f 1.4 
students 
N = 1071 

3X or Physical 23.0 f 4.4 15.0 f 4.1 25.7 f 5.7 17.6 f 1.8 
Science 
N = 344 (0.6865) (0.5856) (0.7806) (0.4260) 

3N or Non-Sci 17.7 f 5.2 18.2 f 4.5 27.5 f 5.5 16.0 & 3.0 
Arts students 
N = 297 (10%) (0.7444) (0.641 1) (0.7720) (0.7255) 

*( ) refers to the KR,,, value. 
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I Science Process Skills and Cognitive Preference 
Styles* 

Kam Kum Wone 
Yeoh Oon Chye 

ABSTRACT 

The study examined the differences in cogni- 
tive styles between two comparable groups of 
students at the Grade 9 (Secondary 3) level, 
namely the LSS (Lower Secondary Science) 
group who had been exposed to the practical- 
based, inquiry-oriented type of science and 
the non-LSS group of students who had 
studied the more traditional type of science 
in the "old" science curriculum. Their dif- 
ferences in science achievement are measured 
by the common IEA Science Paper-Pencil, 
Multiple Choice Criterion Test and also, by the 
Science Process or Practical Test (which 
measured three levels of process skills, such 
as the observation/manipulation, reasoning 
and investigation skills). Variance in science 
achievement thus measured is examined 
against the 4 cognitive preference styles of 
the students, (measured by the Combined 

Introduction 

Since the 1960s, many science curricula have 
been restructured to focus on the learning and 
use of the scientific methods. In these new cur- 
ricula, much of the learning of science was 
directed at the attainment of science process 
skills through laboratory investigative experi- 
mentation. 

A recognition of the importance of teaching 
the laboratory investigative skills, coupled with 
the development of new innovative science cur- 
ricula in the West, led to the review and revi- 
sion of the Singapore General Science syllabus 

Cognitive Preference Inventory) namely the 
"recall", "principles", "applications7 and 
L G questioning7' modes of thiiking. The find- 

ings indicated that (a) the attainment of the 
science process or practical skills was charac- 
terised by the type of science curriculum 
(LSS or non-LSS) and it was significantly 
associated with the achievement level of stu- 
dents, (b) the ccgnitive preference pattern 
covaried according to the students7 level of - 
science achievement and the type of curricu- 
lum and (c) the weak but significant relation- 
ship between performance in the science 
practical skills and the students' modes of - 
cognitive style have important implications 
for teachers who are concerned about the 
intended effects of changes in the science 
curriculum on the consequent learning beha- 
viour or cognitive outcome of their students. 

at the lower secondary level. After many years 
of trial testing, the new Lower Secondary 
Science (LSS) syllabus, together with instruc- 
tional materials was eventually introduced by 
the Ministry of Education to all schools in 1983. 

The new science syllabus adopted an inter- 
disciplinary treatment of science topics. It 
stressed the need to prepare students to ac- 

'This article is based on Kam Kurn Wone's M. Ed Thesis, titled S h c e  
Practical Performance and Cognitice Preference of Seconda~ School 
Students. (1985) 
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quire progressively a mastery of the cognitive 
thinking and investigative skills that were asso- 
ciated with the scientific processes. To match 
the intentions of the science curriculum, the 
science syllabus was translated into multi- 
media instructional materials that were 
directed at helping students to conduct experi- 
ments on their own, design simple experimen- 
tal procedures, record observations, analyse 
data and draw inferences. Students had to 
spend about 50 % of their curriculum time con- 
ducting laboratory experiments. It was thus 
intended that students who had studied the new 
science curriculum would develop not only 
knowledge and skills in the science processes 
but also scientific attitudes such as curiosity and 
a questioning frame of mind. 

Reports culled from literature have shown 
that desirable learning outcomes such as a 
higher level of cognitive thinking and a higher 
cognitive preference for critical questioning, 
were demonstrated by students exposed to the 
laboratory investigative experience. However, 
it cannot be taken for granted that the new and 
innovative changes in the LSS curriculum 
would necessarily result in a corresponding 
change in the learning behaviour and attitude 
of our students. 

To find out whether the two years of LSS lab- 
oratory-based science learning experience has 
made a substantial difference in the way stu- 
dents learn science, a study was made to com- 
pare the outcome of a sample of students who 
did the LSS curriculum with that of an academ- 
ically equivalent sample of students who con- 
tinued with the General Science course. The 
study was to find out the difference between the 
two groups in 
i) their performance in the science practical 

test in which science process skills were 
tested, and 

ii) the measure of their cognitive preference. 
An attempt was also made to find out if a 

relationship existed between students' ability to 
perform the science practical test and their 
cognitive preference style. 

Procedure 

The sample for this study comprised 426 
secondary 3 students, all aged 14. Stratified 

random sampling was used in the selection of 
subjects. The study made use of three instru- 
ments to assess the outcome of science learning. 
These were the IEA-SISS Science Achievement 
Test (conducted in the Second International 
Science Study (SISS) under the auspices of 
International Association for the Evaluation of 
Educational Achievement), the Science Practical 
Test and the Cognitive Preference Test as mea- 
sured by the Science Learning Response Form. 

All the students in the sample took the IEA- 
SISS Science Achievement Test which com- 
prised 30 multiple choice questions on Biology, 
Chemistry and Physics. Based on their perfor- 
mance, the LSS and non-LSS students were 
matched to control for initial differences in aca- 
demic achievement. The results of the test were 
also used to group the subjects in the LSS and 
non-LSS samples into three ability groups, viz. 
the high (H), the average (AV) and the low (I,) 
ability groups. 

The Science Practical Test was taken from 
the SISS Science Process Exercise which con- 
sisted of two alternate forms, Sets A and B. To 
raise the difficulty level of the test, both Sets A 
and B were modified slightly by the addition of 
a few higher order practical items. Students 
who were randomly assigned to perform either 
the Set A or B Test were assessed in three prac- 
tical tasks, each related to one science disci- 
pline, namely Biology, Chemistry and Physics. 
The main practical skills tested were (i) obser- 
vationlmanipulation, (ii) reasoning and (iii) 
investigation, the definitions of which were 
adopted from Kempa and Ward (1975). Data 
collected were in the form of raw scores 
obtained by students. Group mean scores of 
Practical Tests A and B were analysed sepa- 
rately because of the differences between the 
two sets of tests in the level of difficulty, total 
score and number of test items. 

The Science Learning Response Form 
(SLRF) which was adapted from Tamir's 
Combined Cognitive Preference Inventory 
(CCPI) was used to determine the cognitive 
preference style of both the 1,SS and non-LSS 
students. The instrument measures four cogni- 
tive preference modes, namely recall, princi- 
ples, application and questioning modes. The 
description of the four modes is adopted from 
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Heath (1964) and operationalised as follows: 

(a) recall (R): acceptance of scientific informa- 
tion for its own sake, ie. without considera- 
tion of its implication, application or 
limitation. 

(b) principles (P): acceptance of scientific infor- 
mation because it exemplifies or explains 
some fundamental scientific principle or 
relationship. 

(c) questioning (Q: critical questioning of scien-- 
tific information as regards its complete- - 

ness, general validity or limitation. 
(d) application (A): acceptance of scientific 

information in view of its usefulness and 

applicability in a general, social or scientific 
context. 

The instrument, SLRF, was checked for reli- 
ability and construct validity with respect to the 
four cognitive preference modes in a separate 
trial study prior to its use in the main study. 
Scores based on students' ranking of statements 
according to their own preference were 
summed for each cognitive preference mode. 
Group mean total scores of each cognitive pre- 
ference mode were analysed to identify the 
cognitive preference pattern of both LSS and 
non-LSS students. 

The overall scheme of the research study is 
shown in Fig. 1. 

FIGURE 1 OVERALL SCHEME FOR THE RESEARCH STUDY 

--p 

Chronological Activity 
Year 

Sequence LSS Group Non-LSS Group 

1982 2 years of Pilot schools followed LSS Non-pilot schools continued with 
& Science learning curriculum with the following the conventional General Science 

1983 experience at characteristics: curriculum which has been in use 
Secondary 1 & 2 i) The  programme was intended since 1960. Teachers assumed the 
(Grades 7 & 8) to be laboratory-based with authoritative role and science was 
prior to present students actively involved in taught directly from the commer- 
study. practical investigation. cially published textbooks. 

ii) LSS teaching was based on a 
set of specially designed multi- 
media science instructional 
materials. 

1984 Secondary 3 The same cohort of students opt to offer science by electing from a variety 
Science of science subjects, namely Science, Combined Science, Pure Sciences etc. 
(Grade 9) Some students in the Normal course do not study science at all. 

IEA Science Sample of Secondary 3 students sat for the SISS Science Achievement Test 
Study in April and responded to a battery of other socio-educational questionaires. 

Current study Selected 9 pilot LSS schools which 9 non-LSS schools which were 
in JulyIAugust represent the high, average and matched with the LSS group 

low achieving schools based on according to: 
SISS Science Achievement Test. i) high, average and low achieving 

Number of subjects 
= 210 

schools 
ii) course ie. Special, Express and 

Normal 
iii) type of science subjects offered 

at Secondary 3 

Number of subjects 
= 216 

Both groups were administered the 
i) Science Prartical Test using SISS Science Process Test for Population 2 

(students at Grade 9), and 
ii) Cognitive Preference Tpst using the Science Learning Response F o m  (a slightly 

modified Form of Tarnir's Combined Cognitive Preference Inventory). 
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Results of the Study 

The differences in performance between the 
LSS and non-LSS students in the Practical 
Tests are compared graphically in Figs. 2 and 
3.  

FIGURE 2 COMPARISON OF PERFORMANCE ON THE SCIENCE PRACTICAL TEST 
(SET A) BETWEEN THE LSS AND NON-LSS STUDENTS 

LSS NON-LSS LSS NON-LSS LSS NON-LSS LSS NON-LSS Curriculum Type 

INVESTIG OBSIMANIPN REASON TOTAL--( Process Skills 
(max = 3) (max = 10) (max = 10) (max = 23) 

LEGEND: CTYPE m LSS m NON-LSS 

*P<0.05 
**P<O.OOl 

FIGURE 3 COMPARISON OF PERFORMANCE ON THE SCIENCE PRACTICAL TEST 
(SET B) BETWEEN THE LSS AND NON-LSS STUDENTS 

LSS NON-LSS LSS NON-LSS LSS NON-LSS LSS NON-LSS Curriculum Type 

INVESTIG OBSIMANIPN REASON TOTAL+ Process Skills 
(max = 2) (max = 12) ( m u =  11) (max = 25) 

LEGEND: CTYPE m LSS m NON-LSS 
*P<0.05 

**P<0.001 

5 8 .  SINGAPORE JOURNAL OF EDUCATION 



For the three different categories of science 
process skills, a significant difference existed 
between the LSS and non-LSS students only in 
the observational/manipulative skills at the 
0.01 and 0.05 levels for Tests A and B respec- 
tively. LSS students on the whole performed 
significantly better in observational/rnanipula- 
tive skills in the science practicals than non-LSS 
students. At the reasoning and investigation 
levels, the difference, if any, is not significant. 

Table 1 compares the mean cognitive prefer- 
ence scores of students in the LSS and non-LSS 
courses. Findings were made for the whole test 
as well as for the sub-tests comprising only bio- 
logical or physical science content. A high posi- 
tive (Q-R) score difference was interpreted by 
Kempa and Dube (1973) as an indication of a 
student's willingness and desire to acquire 
scientific knowledge beyond that already 
possessed. 

The results indicate a significant difference 
in the cognitive preference between the LSS 
and non-LSS students. The LSS students seem 
to have a higher preference for recall and a 
lower preference for questioning than their 
non-LSS counterparts. The high Q-R scores 

for the non-LSS group suggest that non-LSS 
students have a higher preference to acquire 
knowledge beyond that already possessed. 
When examined under different subject 
content, it is noted that this difference in prefer- 
ence between the LSS and non-LSS groups in 
the Biology sub-test corresponds closely to the 
results obtained for the whole test. No signifi- 
cant difference between the LSS and non-LSS 
groups for all the four cognitive modes is found 
for the Physical Science sub-test. This could be 
due to the fact that it is not a pure discipline but 
rather a subject made up ofboth Chemistry and 
Physics. The difference in response for the two 
sub-test (ie. Biology and Physical Science) is 
not unexpected as Tamir (1975, 1976, 1978) 
has stressed that the cognitive preference styles 
could be quite different for different subject 
matter. While Rogel (1974), in his study on 
'Achievement and Cognitive Preference Styles 
of Chemistry Students' found no significant 
difference in cognitive preference styles 
between twelfth-grade students of different 
chemistry curricula, Tamir (1975) was able to 
find significant difference in cognitive prefer- 
ence styles for similar grade Biology students 

TABLE 1 MEAN COGNITIVE PREFERENCE SCORES OF LSS AND NON-LSS 
STUDENTS 

Mean Cog Pref LSS (n=214) NonLSS (n=212) F 
Mode Score Mean sd Mean sd df(1,424) 

(n = 426) 

R 
Whole P 

A 
Test Q 

Q-R 

R 
Biological P 

A 
Sub test Q 

Q.- R 

R 23.17 23.49 4.51 22.85 5.28 1.79 
Physical P 24.61 24.70 3.50 24.58 3.65 0.11 
Science A 25.90 25.85 3.45 25.96 3.62 0.12 
Sub test Q 26.29 25.98 5.91 26.59 6.07 1.12 

a - R  3.12 2.50 9.59 3.75 10.52 1.64 

**p < 0.01 
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between BSCS and non-BSCS curricula in tent. The correlation coefficient results of the 
Israel. non-LSS sub-sample are not shown as they are 

That LSS students had attained a high level 
of competence in the observational and mani- 
pulative skills was of no surprise. Two years 
of intensive hands-on laboratory work which 
covered about 50% of the LSS curriculum 
could have contributed to the results. 

While most studies have found that students 
taught under new innovative curricula have 
developed a questioning frame of mind and a 
liking for curiosity, this study has findings con- 
trary to the expectations of the curriculum 
developers. The higher preference for recall by 
the LSS group does not match the objectives of 
the curriculum which is intended to be inquiry- 
oriented. 

In the attempt to correlate results of science 
process skills with students' cognitive prefer- 
ence modes, some statistically significant coeffi- 
cients with respect to specific subject content 
were obtained. Table 3 gives the correlation 
coefficients for the whole sample as well as the 
LSS sub-sample according to the subject con- 

non-significant and are of no value for inter- 
pretation. 

Although the correlation results are low, it 
does reveal some interesting links between 
students' cognitive preference and their ability 
to perform the process skills. For example, per- 
formance using reasoning skills in the practical 
test correlated negatively with the 'recall' mode 
(r = -0.32) and positively with 'scientific 
curiosity' on the Q- R scale (r = 0.29). This 
seems to indicate that LSS students who are 
good in reasoning skills would tend to show a 
low cognitive preference for recall and an incli- 
nation towards 'scientific curiosity' with 
respect to the Biology content. 

Conclusion 

Notwithstanding some limitations of the test 
instruments and the constraints of the test 
administration, the findings have provided satis- 
factory evidence to show that the performance 
of the LSS students are superior to the non-LSS 

TABLE 2 SUMMARY OF RESULTS OF STUDIES MADE ON COGNITIVE PREFERENCE 
STYLES FOR DIFFERENT CURRICULA 

Findings 
Reference Discipline Groups Compared Cognitive Styles 

(l) (2) Recall Princ. Quest. Applic. 
R P Q A 

Heath 1964 Physics PSSC Traditional 2 1 1 ns 
Marks 1967 C hem CB A Traditional 2 1 1 ns 
Atwood 1967168 Chem Chem Study Traditional 2 ns . l  1 
Mackay 1972 Physics PSSC Pretest 2 1 1 2 

Posttest 
Dube 1971 Chem Nuffield Traditional ns 2 ns 1 

(High Achievers) 
Dube 1971 Chem Nuffield Traditional 1 ns ns 2 

(Low Achievers) 
Rogel 1974 C hem Chem Study Traditional ns 1 ns 2 

(High Achievers) 
Rogel 1974 C hem Chem Study Traditional 1 1 2 2 

(Low Achievers) 
Tamir 1975 Biology BSCS Non BSCS 2 ns 1 ns 

*The numbers represent the group that had a higher score in that particular area; 

ns = No significant difference 
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TABLE 3 CORRELATION OF COGNITIVE PREFERENCE MODES WITH PRACTICAL 
TEST SKILLS ACCORDING TO SUBJECT CONTENT FOR WHOLE SAMPLE & LSS 

SUB-SAMPLES 

Practical R P A Q Q - R  
Skills Bio PS Bio PS Bio PS Bio PS Bio PS 

Observatnl - 0.11 * - - - - - - - - 

Manipulatn 
Whole 
Sample Reasoning - 0.2 1 * * - 0.18** - 0.10' - 0.17" - 

Investigatn N T  -0.12" N T  N T  0.11* N T  - N T  - 
n = 426 

Observatnl - 0.23** -0.14' - - 0.19** 
Manipulatn 

LSS 
Reasoning - 0.32 * * 0.21 * *  -0.15* - 0.14* 0.20** 0.29" 

n = 214 
Investigatn -0.15* N T  N T  0.14* N T  N T  

Only significant correlations are indicated *p < 0.05 
NT = not tested **p < 0.01 

students in practical skills, particularly in the 
lower order process skills of observation/mani- 
pulation. The LSS students in general have 
been found to show a stronger cognitive prefer- 
ence for recall and a lower cognitive preference 
for questioning than their non-LSS counter- 
parts. While there are plausible reasons to 
explain why the inquiry traits among the LSS 
students are not evident in the Science Practical 
Tests, the unexpected findings regarding the 
cognitive preference styles of students need 
further examination. 

What has often been pointed out as a power- 
ful influence in the implementation of new 
curriculum is the attitude and ability of the 
teachers in carrying out their task to meet curri- 
culum objectives. Sally Brown and Donald 
McIntyre (1982) had warned that in curri- 
culum innovations, teachers cannot be taken 
for granted in using new ideas and teaching 
approaches in ways that are prescribed. Per- 
haps the assumption that LSS teachers, given 
the multi-media curriculum and instructional 
materials and follow-up in-service courses 
would teach the 'inquiry' or investigative 
approach, has little or no reality in actual class- 
room practice. The problem could be a disloca- 
tion between what is actually done and what is 

intended to be taught. With the familiarity of 
the traditional General Science syllabus which 
has been taught by all teachers long before LSS 
and the stress of school examinations on testing 
of knowledge on content, it is probable that 
teachers who have been accustomed to empha- 
size the mastery of science content as an end (ie. 
to meet examination needs) would tend to con- 
tinue doing so even with the new LSS curri- 
culum. Hence instead of promoting laboratory 
investigation under LSS, the conduct of the 
science practical might have in actual practice 
been frequently set at the level of merely 
'doing' science. That is, science practicals 
might still be geared to the conduct of the 
"practical" as prescribed in the workbook, and 
merely verifying what is already expected or 
known from the textbook. "Doing" science 
thus fell short of the need to use the observed 
data, interpret, analyse or synthesise. As a 
result, it could be that the science practical 
experience of LSS was at a level that reinforced 
the recall mode in the learning process. 

The correlation results in Table 3 seem to 
reaffirm the fact that LSS students who showed 
a high preference for recall are negatively asso- 
ciated with their competence to use the reason- 
ing skills. It could be argued that these 

1987 VOL 8 NO 1 . 61 



students, by preferring the recall mode of pro- 
cessing science information have not taken 
advantage of the laboratory-centred LSS 
course, which is supposed to stimulate critical 
thinking. On  the other hand, those who have 
acquired good reasoning skills as shown by the 
better performance in the practical tests are 
high in the scientific curiosity scale. 

This study, has thrown some light on certain 
learning outcome that result from a curriculum 
which is intended to be inquiry-oriented and 
laboratory biased. To trace the real causes that 
lead to such outcome, the actual teaching- 
learning process that transpires in the class- 

room needs to be studied. Are the instructional 
materials used in the way intended? Are the 
workbooks too prescriptive, giving students 
little opportunity to experiment and inves- 
tigate? Do teachers in practice promote the use 
of higher order inquiry process skills such as 
reasoning? To what extent has teacher-directed 
teaching taken place in the laboratory that 
results in hampering the 'open-ended' inquiry 
learning of science? Answers to such questions 
will certainly help curriculum developers to 
decide what more needs to be done to meet the 
intended objective of the LSS curriculum. 
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' The Contributions of Enrichment Activities Towards 
Science Achievement * 

Agnes Chang Shook Cheong 
Lam-Kan K i m  Swee 

ABSTRACT 

This study investigated whether enrichment 
activities would improve achievement in 
science. 

One hundred and eighty subjects took 
part in the study. They were assigned to two 
experimental, two control and one Haw- 
thorne control groups. Experimental sub- 
jects participated in  enrichment activities 
held outside the school. Control subjects 
were not given these activities while the 
Hawthorne control group was taken out on 
excursions unrelated to their science lessons. 

The Coo$erative Science Test (COST) 
was used to assess the acquisition of science 

Introduction 

It is becoming increasingly important that 
children be able to understand basic science 
principles and to relate these to everyday life. 
The focus is on how to teach the subject so that 
it makes sense to the students, stimulates their 
curiosity, interests them in examining some of 
the perplexing situations in their surroundings, 
and guides them in solving problems scienti- 
fically. 

Current trends in science teaching favour a 
move away from classroom chalk and talk, and 
from laboratory exercises that tend to merely 
demonstrate scientific principles. The recent 
wave of interest in non-formal education has 
made many realise that a meaningful education 
experience must be a mix of in-school and out- 
of-school processes. Until recently, out-of- 
school enrichment programmes received little 
attention in Singapore (Chang, 1974; Bhathal 
and Tian, 1979; Harrison, 1979; Lee, 1979; 
Ng, 1979; Rao, 1980). Supplementary science 

concepts while science achievement was 
based mainly on school science examination 
scores. 

The results indicated that the experi- 
mental subjects showed significantly greater 
improvement in  concept attainment and 
science achievement. Correlations between 
science concept attainment and science 
examination scores were positive and 
significant. 

The study concluded that participation in  
enrichment activities relevant to school 
science would improve science achievement. 

activities were left largely to school science 
clubs, and were treated by many students as ex- 
tramural rather than an essential part of their 
science learning (Chang, 1974). Many teachers 
thought that students were just as well off 
staying and learning in schools. 

Harrison (1979), Rao (1980) and Yeoh 
(1980) urged schools to expand their scope 
beyond their walls and to provide students with 
access to other knowledge resources. This is 
especially important in keeping up with the 
changes in the science syllabi which have been 
revised to suit the needs of local students. 

The Lower Secondary Science (LSS) 
syllabus (Cheah, 1981) is not made up of dis- 
crete components of physics, chemistry and 
biology. It provides for an integrated treatment 

* This article is based on Lam-Kan Km Swee's M. Ed. Thesis, titled The 
Contributions of Enrichment activities Towards Science Interest and 
Science Achievement (1984). 
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of science topics utilizing the thematic ap- 
proach and cutting across the boundaries of all 
science subjects. LSS advocates a change from 
purely fact-centred to enquiry-based and 
activity-oriented science teaching. It reflects an 
important shift in emphasis, the main objective 
being to provide opportunities for students to 
be innovative in their learning, and science - 

course that is both meaningful and relevant 
in terms of our increasingly technological 
environment. It is difficult to achieve these 
objectives from the lessons taught in schools 
alone. 

Experience has proven that out-of-school 
supplementary activities are an important 
corrective compensation for some of the short- 
comings in formal education (Stevens, 1969). 
Within-school and out-of-school experiences 
are complementary and through their merger, 
teachers can better help their students to under- 
stand scientific concepts. 

There are in Singapore several learning re- 
sources offering out-of-school educational 
experiences. The Botanic Gardens, Jurong 
Bird Park, Coralarium, Singapore Zoological 
Gardens and the Van Kleef Acquarium are 
concerned with the biological sciences. Their 
programmes are however not fully comple- 
mentary with the Lower Secondary Science 
syllabus. The Singapore Science Centre runs a 
comprehensive set of specially prepared educa- 
tional programmes which can be tailored to the 
school's needs. Moreover, its exhibits are pre- 
sented in a thematic fashion which blends well 
with the themes covered in the Lower 
Secondary Science syllabus. Hence the Singa- 
pore Science Centre was chosen for this study. 

Exposure to concepts is said to be controlled 
by the teacher through the use of activities 
which could differ in kind and setting but all 
would have the common purpose of stimu- 
lating learning (Jenkins, 1969; Wright, 1980). 
Experimental research (Sunal, 1976; Holliday, 
1980) has also suggested that concrete and 
visually oriented teaching procedures are effec- 
tive in teaching concepts. Studies in the 
museum setting and reports such as those by 
Kimche (1978) and Wright (1980) have 
indicated the effectiveness of multisensory 
hands-on experiences in assimilating and 
applying complex concepts and in heightening 

the acquisition and retention of knowledge. 
Furthermore, Wright (1980) found increased 
learning of factual knowledge through museum 
experiences that were integrated with class 
lessons. These findings suggest that teachers 
should give their students a variety of experi- 
ences which fully involve most or all of the 
senses. 

Chang (1974) demonstrated in her study that 
innovative teaching strategies and the provision 
of well-planned science enrichment activities 
positively influenced performance in the sub- 
ject. She noted that any educational experience 
must bear relevance to what the students 
already know. The activity could then be 
assimilated into some schematic whole which 
would be given significance only if it had 
meaning for the individual (Rabikian, 197 1 ; 
Kolodity, 1977; Wright, 1980). 

Studies by Kuhnen (1960), Chang (1974) 
and Disinger and Mayer (1974) showed that an 
appropriate combination of teaching methods 
would result in a number of pay-offs in terms of - .  

gain scores. Achievement results appeared to 
be superior to those obtained when only one 
medium of instruction was employed. Kolodity 
(1977) and Linn (1980) also suggested that 
exposure to materials and activity-centred 
strategies themselves would not be as effective 
as when they were used to complement direct 
instruction. 

Field trip studies by Falk, Martin and 
Balling (1978), and Sneider, Eason and 
Friedman (1979) showed that students did not 
benefit from structured, educational pro- 
grammes that called for the learning of facts or 
concepts during trips to novel settings. Falk and 
Balling (1980), and Martin, Falk and Balling 
(1981) explained that stimuli from novel 
settings could slow down the learning of con- 
cepts. This has implications for teachers with 
regard to the use of informal experiences. If 
conceptual learning is desired from a field-trip, 
it would be advisable to take preparatory 
measures, such as providing instructions in 
advance or to familiarize students with the 
environment. Children want to explore new 
environments but may lack the right strategies 
to do so. 

Based on the findings of previous studies, the 
following hypotheses were formulated for 
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testing in this study: 
(l) Students who receive structured science en- 

richment activities would show greater 
improvement in science concept attain- 
ment compared to pupils who do not 
receive these activities. 

(2) Students who receive structured science 
enrichment activities would score better in 
the school science examination compared 
to those students who do not receive these 
activities. 

Metholodogy 

SAMPLE 

All the 180 students were drawn from a govern- 
ment girls' school *(Express stream). Five in- 
tact Secondary Two Classes were selected from 
among nine of that grade level. The mean age 
of the students was 13 years 5 months. 

Randomisation of individual students was 
not possible as the composition of existing 
classes could not be disturbed. The use of intact 
classes caused minimum disruption to the 
school programme. 

To demonstrate that the intact classes were of 
comparable ability, the students' 1984 mid-year 
science examination marks were examined. An 
analysis of variance was carried out on the mid- 
year scores and Table 1 shows that the five 
groups were not significantly different. 

At the time of the experiment, all students 
were taught by the same female science teacher. 
Hence the teacher variable (in school) was con- 
trolled. 

The knowledge that an experiment was 
under way was withheld from the students. The 
five groups were initially told that they would 
go on excursions to the Singapore Science 
Centre sometime in September. However, in 
the course of the experiment, all control groups 
were told that their turn to join in the pro- 
gramme at the Science Centre would come 
later. 

TABLE 1 - ONE-WAY ANOVA OF 1984 MID-YEAR SCIENCE 
EXAMINATION SCORES 

Class Group Type 

P 1 Experimental 36 62.00 8.96 
Q 2 Control 36 62.89 9.34 
R 3 Experimental 3 6 61.89 7.53 
S 4 Control 3 6 60.75 11.28 
T 5 Hawthorne Control 3 6 57.14 8.18 

Source of Variation Degrees of Freedom Sum of Squares Mean Squares F-Ratio p 

Among samples 4 730.94 182.73 2.18 N.S. 
Within replications 175 14642.20 83.67 
Total 179 15373.10 

* NOTE: 
EXPRESS STREAM: Students in the Express 
Stream are expected to finish their secondary 
schooling in four years but they can only take 
one First Language. 
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DESIGN OF T H E  EXPERIMENTAL 
INVESTIGATION 

A five-group experimental design was em- 
ployed. By drawing lots, each of the five intact 
classes was randomly assigned to and treated as 
separate experimental units (refer to Table 2). 

All students received the same instructions 
during their in-school sessions. The scope, con- 
tent and general teaching conditions were kept 
as similar as possible in all the five groups. 
Science periods consisted of the conventional 
lessons, weekly laboratory practical and 
E .T.V. sessions. The teacher followed the 
curriculum guide of the LSS syllabus. Audio- 
visual aids were limited to the use of the chalk- 
board, charts and others as recommended in 
the syllabus guide. 
The experimental and control groups differed 
mainly in the following aspects: 
(1) the experimental Groups 1 and 3 (P, R) 

were treated to planned science enrichment 
activities at the Science Centre. 

(2) no extra activities were given to control 
Groups 2 and 4 (Q, S). 

(3) the Hawthorne Control Group 5 (T) 
received activities unrelated to their school 
science course. The activities represented 
an intervention that was not anticipated to 
have specific effects related to those of the 
treatment being evaluated. This inter- 
vention was deliberately introduced to 
create the Hawthorne effect which is often 
associated with a treatment. 

The experimental and Hawthorne control 
conditions were comparable in that both could 
be expected to produce a Hawthorne effect 
since both included an intervention. 

THE ENRICHMENT ACTIVITIES 

The enrichment activities took place in the final 
(fourth) academic term of 1984 when the 
school's extra curricular activities programme 
was almost over. 

Table 3 maps out the work schedule for both 
experimental and control groups. 

Prior to each visit to the Science Centre the 
science teacher carried out lessons relevant to 
the forthcoming activity since the activities 
were specially designed to dovetail with in-class 
work. 

A teacher's instructional manual was also 
prepared. It embodied guidelines for the 
teacher, and a list of learning outcomes or per- 
formance objectives which were stated in terms 
of concrete, observable behaviours. Provision 
was also made for students to use their out-of- 
school learnings in follow-up activities. 

After each visit, worksheets and evaluation 
forms were issued to all students to assess the 
learning progress and the effectiveness of each 
lesson. The experimental groups received a 
total of 12 hours of enrichment programme. 

Students in the Hawthorne control group 
were also treated to five excursions, but the 
activities were not related to school science 
lessons. A total of 11.5 hours were spent on 
these activities. 

INSTRUMENTATION 

The Co-operative Science Test ( C O S T )  (Educational 
Testing Service, Princeton, 1963) was em- 
ployed to assess the attainment of science 
concepts. This test carried 33 multiple-choice 
questions on biology, chemistry and physics. 

TABLE 2 - DESIGN OF THE EXPERIMENTAL INVESTIGATION 

Class Group or Unit Purpose of Group Pre-test Treatment Post-test 

P 1 Experimental 01 X2 0 2  

Q 2 Control 0 3  0 4  

R 3 Experimental X2 0 5  

S 4 Control O6 

T 5 Control (Hawthorne control) 0, X2 0 8  
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TABLE 3 - WORK SCHEDULE 

Activities at Singapore Centre 
Excursions for 

1984 Themes Covered Hawthorne Data 
Calendar in School Themes Modes Control Group Collection 

Term 3 
Week 7 Light 

8 Light 
9 Electricity 

10 Electricity 

1 week 
school vacation 

Talklfilm show Pre-test: 
Judy Blume. COST* 
(2.5 hours) 

Term 4 
Week 1 Ecology Pond Ecology Film show, slide, show, Photographic 

(3 hours) lecture, field work, lab Exhibition 
work, gallery tour. (2 hours) 

2 Energy Light Light and Energy Lecture-demonstration, Service Day at St. 
(3 hours) film show, gallery John's Home for 

tour. 

3 Electricity Electricity (2 hours) Lecture-demonstration, 
film show, lab work. 

4 Water and Diffusion and Film show, lab work. 
Solutions Osmosis (2 hours) 

5 Acids, Bases and Catalysis, Chemicals Film show, lecture, 
Salts We Eat and Drink slide show 

(2 hours) 

the Aged 
(2.5 hours) 

Shahab Weaving 
and Batik Printing 
Factory (2.5 hours) 
Visit to the Society 
for the Prevention of 
Cruelty to Animals 
(2 hours) 

Post-test: 
COST 
School final 
term science 
examination 
results 

Note *COST - Co-operative Science Test (Instrument) 

Questions testing knowledge, comprehension 
and application skills were set in the ratio of 
1 : 1.4: 2.3. The lowest possible score was 0 and 
the highest possible score was 33. The adapted 
COST used in the study was trial-tested on two 
occasions. The Reliability Coefficient (KR,,) 
was found to be 0.61. 
The 1984 final term school science examination scores 
were used to determine students' achievement 
in science. These were the overall scores as well 
as the scores of selected items which were 
relevant to the study. The two-hour examina- 

tion paper was made up of two sections. The 
first section was compulsory with 35 multiple- 
choice items and five structured questions. The 
second section allowed a choice of four out of 
five essay questions, each with a weighting of 10 
marks. The maximum possible score was 100 
and the minimum score zero. The overall score 
was not solely relied upon because if it was in- 
fluenced by questions unrelated to the study, it 
would mask the effects of the enrichment activi- 
ties on students' performance in the exarnina- 
tion. The overall score was used for further 
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verification. The examination paper was vetted 
by a team of three science teachers and marked 
by two LSS teachers, each responsible for 
separate sections of the paper. 

Results 

SCIENCE CONCEPT SCORES 

To evaluate the hypotheses stated earlier, data 
obtained from the pre- and post-tests and 
the final term school science examination were 
analysed. The accepted level of significance was 
set at 0.05. 

The mean and standard deviations of scores 
for the respective groups are listed in Table 4. 

At the start of the experiment, the compar- 
ability of three of the groups was further 
checked by performing a one-way analysis of 
variance on their pre-test scores. This is shown 

in Table 5. The calculated F-ratio (2,105) of 3 

0.51 was less than the critical F of 3.09 at the 
0.05 significance level. This showed that there 
was no initial significant difference among the 
groups with respect to science concept attain- 
ment, as measured by COST. 

COST post-tests mean scores from four 
groups were also treated with a two-way 2 X 2 
analysis of variance technique to assess the 
effects of science enrichment activities and of 
pre-testing (refer Table 6). 

The F-ratio (1,140) obtained with regard to 
the treatment indicated that experimental 
Groups 1 and 3 achieved significantly (p < 
0.05) higher scores than the control Groups 2 
and 4. The calculated ratio, 6.60, exceeded the 
critical value of 3.91 (degrees of freedom equal 
to 1 and 140) at the 0.05 significance level. This 
F-ratio, though not large enough to be signi- 
ficant at the 0.01 level, was quite close to the 
critical value (6.83). 

TABLE 4 - DESCRIPTIVE STATISTICS OF SUBJECTS' COST SCORES 

Std Error Coeff of 
Variable Mean Std. Dev Variance of Mean Variation 

Gp 1, pre-test 
Gp 1, post-test 
Gp 2, pre-test 
Gp 2, post-test 
Gp 3, post-test 
Gp 4, post-test 
Gp 5, pre-test 
Gp 5, post-test 

TABLE 5 - ONE-WAY ANOVA OF SUBJECTS' COST PRE-TEST SCORES 

Group 

1 
2 
5 

Source of Variation 

Among samples 
Within replications 
Total 

Type 
Experimental 
Control 
Hawthorne 

control 

Degrees of 
Freedom 

2 
105 
107 

Size Mean Std. Dev 

36 17.83 3.88 
36 18.75 3.63 
36 18.31 4.03 

Sum of Mean of 
Squares Squares F-Ratio P 

15.13 7.56 0.51 N.S. 
1557.39 14.83 
1572.52 
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TABLE 6 - TWO WAY ANOVA OF COST POST-TEST SCORES 

/ Degree of Sum of Mean of 
Source of Variation Freedom Squares Squares F-Ratio P 

Among Samples 
Factor 1 1 8.07 8.07 .59 N.S. 
Factor 2 1 90.27 90.27 6.60 0.05 

Interaction 1 7.09 7.09 .52 N.S. 

Within Replications 140 1915.82 13.68 

Total 140 2021.26 

Factor 2 1 
Enrichment No enrichment 
Activities Activities ~ 

Pre- Group 1 Group 2 1 1 : E f i I  Test 

The F-ratio of 0.59 obtained with respect to 
pre-testing showed that the effect was non- 
significant, implying that an exposure to a pre- 
liminary test gave no advantage to Groups 1 
and 2 in post-test scores. This verified the stu- 
dents' replies that they could not recall ques- 
tions from COST, a week after taking the pre- 
test. 

The effect of interaction between pre-testing 
and treatment was also found to be negligible. 
The F-ratio for this factor, 0.52, was less than 
the critical value of 3.91 at the 0.05 significance 
level. 

A t-test was again used to test the significance 
of the differences of the means between pre- 

and post-test data for Groups l ,  2 and 5. Table 
7 reveals that Group 1 had performed signi- 
ficantly better (p < 0.001) when COST was 
administered to them a second time. Groups 2 
and 5 did not make significant gains in their 
post-test scores. Thus, the differences in attain- 
ment of science concept scores between pre- 
and post- tests for these two control groups were 
negligible. 

This was an indication that participation in 
science enrichment programmes did contribute 
towards improving science concept attainment, 
as assessed by COST. 

TABLE 7: COST: COMPARISON OF PRE- AND POST- TEST SCORES 
(DEGREES OF FREEDOM = 70) 

Study t-value atcritical. = 0.05 atcritical. = 0.001 P 
Units obtained one-tailed test two-tailed test 

Group 1 3.61 1.67 3.45 0.001 
Group 2 1.23 1.67 N.S. 
Group 3 0.90 1.67 N.S. 
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Table 8 provides the results of an orthogonal 
comparison to evaluate the difference between 
mean post-test scores of Groups 1 and 3 as 
against all the control Groups 2, 4 and 5 com- 
bined. The resulting F (1,178) was 8.7 1, signi- 
ficant at the 0.01 level. 

The mean score for the experimental groups 
was significantly higher than that of the control 
units. This affirmed the hypothesis that science 
enrichment activities would aid in the acquisi- 
tion of science concepts. 

Using a one-way analysis of variance to 
determine the effects of maturation and history, 
the means of pre-test scores of Groups 1, 2 and 
5, and the post-test scores of Group 4, were 
found to be statistically non-significant. Table 9 
gives the calculated F (3,140) of 0.53. The F 
(3,140) value at 0.05 significance level is 2.68 
and is much higher. Maturation and history 
were thus considered to have no effect on 
students science concept attainment scores. 

TABLE 8 - COST: ORTHOGONAL COMPARISON BETWEEN EXPERIMENTAL 
GROUPS AND CONTROL GROUPS - POST-TEST SCORES 

Sample Size Mean Std. Dev 

Experimental groups 7 2 20.93 3.53 
Control groups 108 19.28 3.78 

Degrees of Sum of Mean 
Source of Variation Freedom Squares Squares F-Ratio P 
Among samples 1 118.00 118.00 8.71 0.01 
Within replications 178 2412.32 13.55 
Total 179 2530.32 

TABLE 9 - COST: ONE-WAY ANOVA OF GROUPS l,  2 , 5  PRE-TEST SCORES 
AND GROUP 4 POST-TEST SCORES 

Sample 

Group 1 pre-test 
Group 2 pre-test 
Group 3 pre-test 
Group 4 post-test 

Source of Variation Degrees of Freedom 

Among samples 3 
Within replications 140 
Total 143 

Size Mean Std Dev 

36 17.83 3.88 
36 18.75 3.63 
36 18.31 4.03 
36 18.89 4.11 

Sum of Squares Mean Squares F-Ratio p 

24.61 - 8.20 0.53 N.S. 
2148.95 15.35 
2173.55 

SCIENCE ACHIEVEMENT SCORES Table 10 displays the distribution of marks 
It was earlier demonstrated that from the mid- attained by each unit. The distribution showed 
year science examination marks, students in all that a noticeably larger number of students in 
five experimental units were of comparable experimental Groups 1 and 3 compared to the 
ability in science achievement. The final term remaining control groups, scored above 60%. 
science examination results, however, indi- The means and standard deviations of the 
cated otherwise. scores on selected questions, as well as the over- 
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TABLE 10 - DISTRIBUTION OF MARKS IN FINAL TERM SCIENCE 
EXAMINATION 

Grade Category Group 1 Group 2 Group 3 Group 4 Group 5 

20-24 1 
25-29 2 
30-34 1 1 1 
35-39 1 1 1 1 
40-44 1 3 1 3 .  
45-49 3 5 2 7 2 
50-54 5 5 4 2 14 
55-59 3 8 5 4 6 
60-64 9 8 11 5 3 
65-69 8 1 6 4 7 
70-74 4 3 1 1 1 
75-79 1 1 2 1 
80-84 2 3 3 

Total 36 36 36 36 36 

% Scoring > 60% 63.9 36.1 61.1 41.7 38.9 

TABLE 11 - DESCRIPTIVE STATISTICS OF SUBJECTS' SCORES IN FINAL 
TERM SCIENCE EXAMINATION (ALL & SELECTED ITEMS) 

Variable 

Gp 1, all items 
Gp 1, selected 
Gp 2, all items 
Gp 2, selected 
Gp 3, all items 
Gp 3, selected 
Gp 4, all items 
Gp 4, selected 
Gp 5, all items 
Gp 5, selected 

Mean Std Dev Variance Std Error 
of Mean 

1.66 
0.68 
1.701 
0.74 
1.88 
0.66 
2.62 
1.08 
1.39 
0.71 

Coeff of 
Variation 

16.25 
15.58 
18.11 
19.23 
18.62 
15.04 
28.37 
27.16 
14.13 
18.69 

all scores, of the final term science examination, 
are found in Table 1 1 .  y.5 -, 

Table 12 shows another analysis which 
considered only those examination questions 
related to activities at the Singapore Science 
Centre. An orthogonal comparison was carried 
out on the mean scores between the two experi- 
mental and three control groups. The differ- 
ence of means indicated strong significance. 
The obtained F-ratio ( l ,  178) of 18.10 was at the 
0.01 level of significance. Students in Groups 1 

and 3 demonstrated a superior performance 
over their peers in the control groups. 

It was even more encouraging to observe that 
in a similar analysis, this time using only the 
examinaton's overall score, the difference of 
mean scores between the two experimental and 
three control groups combined gave an F-ratio 
of 5.47, significant at the 0.05 level. This is 
shown in Table 13. 

Since the mean science achievement scores 
favoured Groups 1 and 3, the science enrich- 
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TABLE 12 - ORTHOGONAL COMPARISON BETWEEN EXPERIMENTAL 
GROUPS AND CONTROL GROUPS 

(SCORES OF SELECTED QUESTIONS IN 1984 FINAL TERM SCIENCE 
EXAMINATION) 

Sample Size Mean Std Dev 

Experimental groups 7 2 26.31 4.00 
Control groups 108 23.25 5.14 

Source of Variation Degrees of Freedom Sum of Squares Mean Squares F-Ratio p 

Among samples 1 403.33 403.33 18.10 0.01 
Within replications 178 3965.53 22.28 
Total 179 4368.86 

TABLE 13 - ORTHOGONAL COMPARISON BETWEEN EXPERIMENTAL 
GROUPS AND CONTROL GROUPS (SCORES OF 1984 FINAL TERM SCIENCE 

EXAMINATION) 

Sample Size Mean Std Dev 

Experimental groups 72 60.97 10.58 
Control groups 108 56.94 11.83 

Source of Variation Degrees of Freedom Sum of Squares Mean Squares F-Ratio p 

Among samples 1 704.06 704.06 5.47 0.05 
Within replications 178 22922.50 128.78 
Total 179 23626.60 

ment activity effect was thus substantiated. The for the hypothesis that pupils who receive struc- 
results in Tables 12 and 13 indicated that tured enrichment activities would achieve 
students in these two groups achieved high better scores in the school science examination 
marks both on items relevant to their enrich- compared to those who do not receive such 
ment experiences and in the overall science activities. 
examination paper. This gave strong support 

TABLE 14 - CORRELATIONS BETWEEN SCIENCE CONCEPT ATTAINMENT 
AND SCIENCE ACHIEVEMENT 

Correlation Obtained r 
'Critical 
a = 0.01 

COST (POST) X Final (SEL) 178 0.51 
COST (POST) X Final (TOT) 178 0.52 

Note: (SEL) = Selected scores 
(TOT) = Total scores 
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I CORRELATIONS BETWEEN SCORES 
O N  COST AND FINAL TERM SCIENCE 
EXAMINATION 

There is evidence in the science education 
literature that a relationship exists between the 
factors of concept attainment and achievement. 
Hence, correlations were performed on scores 
obtained to find out whether the relationship 
was significant in this study. 

Positive and significant correlations were 
evident between science concept attainment 
and science achievement (Table 14). The 
results indicated that concept attainment was 
strongly related to science achievement. 

Discussion 

Statistical results of this study supported the 
hypotheses proposed earlier. 

SCIENCE CONCEPT ATTAINMENT 

Johnson and Oreilly (1964), Chang (1974), 
Linn (1 980), Wright ( l  980), and Abdullah and 
Lowell (1 98 l ) ,  postulated that provision of rele- 
vant experiences would improve comprehen- 
sion and application of science concepts, and 
help students achieve good results. Chang's 
(1974) finding was reinforced by statistical evi- 
dence from the present study. 

Results of statistical analyses (t-tests and F- 
ratios) showed that both experimental Groups 1 
and 3 fared well and outperformed their control 
peers in COST. Their written responses also 
indicated that the enrichment sessions gave 
them new experiences and knowledge both in 
scope and depth. This helped immensely in 
understanding what the teacher was trying to 
convey to them in class. 

Seventy-three percent of the students in the 
three control groups admitted having special 
difficulty in understanding physics topics, 
despite the teacher's repeated explanations. 
This verified what King (1961), Busch (1966), 
Chang (1974), and Wright (1980) have noted 
on the effectiveness of providing meaningful 
concrete experiences to enhance learning. The 
relatively lower level in concept attainment of 
the control group students was also consistent 
with the findings of Disinger and Mayer (1 974) 

who emphasised the importance of what the 
teacher can do to improve learning. 

Those control students, who believed that 
being in the science stream would give them an 
advantage in their further studies, strove to do 
well just to be selected for the course. Chang 
(1974) recorded similar responses from her 
control students who scored lowly on interest 
scores but fared well in the science concept test. 

SCIENCE ACHIEVEMENT 

The school science examination results also 
indicated that the enrichment activities had 
favourable effects on students' achievement. 

As demonstrated in the ma?k distribution 
table and analyses using orthogonal compari- 
son of group means, the experimental groups 
did far better than the control groups. Even 
when the examination's overall score, which 
had no bias on the experiment, was taken 
as a basis for comparison, the results favoured 
Groups 1 and 3.  

This reaffirmed Chang7s (1974) findings that 
supplementary science programmes had a posi- 
tive influence on learning and contributed to an 
improvement in achievement. 

The excursions for the Hawthorne control 
group were however not as effective in bringing 
about better achievement. They were unrelated 
to school science, and seemed unable to im- 
prove the students7 understanding of science 
topics and upgrade their examination results. 

Past research (Kuhnen, 1960; Bennett, 
1965; Babikian, 1971; Chang, 1974; Kolodity, 
1977; Linn, 1980) and present findings stress 
the need, particularly in practical subjects like 
science, for supplementing school lessons with 
meaningful activities because these activities - 
have been shown to affect achievement favour- 
ably. Currently in the Singapore context such 
experiences should aptly complement the 
activity-centred LSS curriculum. 

RELATIONSHIP BETWEEN SCIENCE 
CONCEPT ATTAINMENT AND 
ACHIEVEMENT 

A strong relationship was found between 
science concept attainment and science 
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achievement. This study strongly supported 
the idea of encouraging participation in science 
enrichment activities which could improve 
understanding and achievement. 

Conclusion 

The study demonstrated that there were 
opportunities to learn out of school as well as in 
it. It explored the effects of out-of-school science 
enrichment activities in the wake of a growing 
recognition of the value and complementary 
role played by this aspect of learning to formal 
schooling. 

There is presently a firm movement away 
from traditional methods relying almost 
entirely on the teacher, and a cramped syllabus 
of work aimed soley at achieving good exam- 
ination results. As a practical subject, science is 
best taught by exposing students to relevant 
experiences through projects, film and slide 
shows, field studies, quizzes and excursions. 

Research evidence has led to the hypothesis 
that enrichment experiences have favourable 
effects on the acquisition of science concepts 
and achievement. This was verified in the 
present research and the results were reassur- 
ing. They implied that an activity-centred 
inquiry-based science course, combined with 
meaningful co-curricular activities, improve 
understanding of concepts, principles, and the 
social aspects of science. This would mean that 
science teachers should design activities that 
challenge students, and employ a variety of 
uniquely suitable instructional practices to 
arouse interest, enhance learning, and make - 

science in school palatable to students. 
Schools are ideal places for sequential learn- 

ing. However, school science programmes 
usually lack the ability to motivate students and 
arouse their curiosity. Enrichment activities 
allow for this through a cross-fertilisation 
between formal and non-formal science edu- 
cation. 

Taking students out of school is not, of 
course, new. Under the right circumstances 
any educational trip for a class can be an 
enriching and enjoyable experience. If poorly 
planned, it can turn out to be a sheer waste of 
time, and students may be put off by these trips 
for good. Careful and intentional planning, 

adequate supervision, specific visitational goals 1 
and student-centred activities, would ensure i 
that teachers and students reap the benefits of 1 

1 
these experiences. 

The findings of this study must be limited to 
its application of students in an all-girls' school. 
However, if they are valid indicators of pupils7 
feelings for science, then schools might well 
review their science curriculum and instruc- 
tional methods. If current science programmes 
are to meet the demands of our rapidly chang- 
ing society, then positive and constant rethink- 
ing of the goals of science teaching and learning 
must inevitably continue. 
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Science Practicals in Schools: Are We Assessing 
Correctly? 

Toh Kok Aun 
Chia Teck Chee 

ABSTRACT 

Traditional practical examinations serve &ills and the traditional practical tests. In 
the purpose of ensuring that a candidate has today's context where emphasis should be 
some grounding in ~ractical work. Re- placed on process rather than product, the 
gretably, however, they fall short in the continued dependence on traditional prac- 
promotion of process skills. A study done at tical examinations does not seem to be in 
the Institute of Education shows little rela- keeping with current curricula changes. 
tionship between tests which highlight these 

Introduction 

The laboratory has for a long time gone hand- 
in-hand with classroom teaching as an integral 
part of science education. In the sixties and the 
seventies, the era of curricula reforms, the 
emphasis was on the processes of science with 
increasing importance given to the use and 
mastery of higher cognitive skills. Now the role 
of the laboratory is no longer the same. Con- 
ventional ideas and practices on the use of the 
laboratory as a place for demonstration of 
science phenomena and the confirmation of 
well-established laws no longer hold (Shulman 
and Tamir, 1973). The emphasis is now on 
highlighting science as a learning process and 
the process skills that characterize science as 
a rational, analytical, "scientific' ' human 
activity. 

Along with this change of emphasis in the 
laboratory learning situation is the related pro- 
blem of seeing to it that these learning methods 
find their way into assessment procedures. Dif- 
ferent styles of assessing student mastery of 
laboratory skills have been attempted, with no 
one style being universally accepted. The most 
common style involves the laboratory practical 
examination - a technique used by several 
examination boards in the U.K. and Israel. 
Paper-and-pencil test items (Doran, 1978) have 
also been used and so are on-going observa- 
tional assessment (Lunetta et al., 1981; Ganiel 
and Hofstein, 1982), the latter being formally 
used in the United Kingdom by some examina- 

tion boards (University of London, 1977; 
J.M.B., 1979). 

In Singapore recent curricular changes in 
science initiated by the Curriculum Develop- 
ment Institute of Singapore have also em- 
phasized the importance of process skills. 
However, the consequent need for teachers to 

I 
reorientate the methods of science instruction , 
and the nature of student learning experience 
that are intended to be process-oriented have 
still to make their impact in laboratory inves- 
tigations. In this respect the pivotal influence of 
the existing practical examinations in deter- 
mining the extent of change is perhaps far 
greater than anyone would care to admit. 

The existing practical examination in Singa- 
pore at the '0' Level (which is determined by 
papers set at Cambridge University) still has as 
its objective the testing of whether the candi- 
date's knowledge is firmly grounded in experi- 
mentation. While this broad objective does 
serve to ensure that laboratory work is carried 
out in schools, it is not sufficiently specific 
about the process skills that should be empha- 
sized. In fact it is difficult to assess a pupil's 
mastery level in a particular skill by means of 
the existing practical examinations. For 
example, it is not always possible to check that 
pupils have performed all the necessary mani- 
pulative skills correctly during the practical 
examinations because this is not reflected in 
the pupil's written report of the practical 
examination. 
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This inadequacy could be attributed to the 
fact that the evaluation of performance in the 
practical examination is based on the written 
report (basically a tabulation of observa- 
tions/results obtained, followed by analysis/ 
deductions made from it) of the candidate. 
What the written report does not provide is 
direct information on the candidate's skill in 
manipulating equipment, and the organising 
and performing of an investigation in an inno- 
vative manner. The written report may offer 
indirect evidence of mastery of certain skills 
(Lunetta et al., 1981) as when readings 
tabulated are obviously out of acceptable limits, 
but it cannot be generally taken as indicating 
the quality of performance of practical tasks 
(Eglen and Kempa, 1974). The quality of per- 
formance at practical work should take into 
account the different process skills involved, 
viz. : 

(a) Experimental Set-up (includes mani- 
pulating and organising); 

(b) Basic Skills (includes performing, mea- 
suring and reading); 

(c) Tabulating and Data Processing (in- 
cludes graphs); and 

(d) Interpretation of Data. 

That the written report is not a true repre- 
sentation of performance at practical work is 
reflected by the fairly low correlation of 0.25 
between proficiency with which a practical task 
is performed and the quality of performance of 
the practical task (Buckley, 1970). There is 
therefore a need to assess not only what the 
student knows about the use of the laboratory 
for laboratory investigation but also what he 
actually does (viz. the different process skills) in 
the laboratory. 

In recognition of certain deficiencies inherent 
in the use of the written report as the basis for 
judging a student's grounding in laboratory 
work, some staff members of the Institute of 
Education initiated a pilot study that was aimed 
at exploring the feasibility of an alternative to 
the conventional practical examinations based 
on the candidate's written report. Table 1 pro- 
vides a comparison of the alternative treatment 
with that of the conventional practical examina- 
tion which is based on the candidate's written 
report. 

Description of the Study 

The study attempted involves supervision of 
the learning of process skills that cannot be 

TABLE 1 - COMPARISON OF LABORATORY ASSESSMENT COVERAGE 

Process Skills 
Involved 

Alternative Form for 
Assessing Practical Work 

Conventional Practical 
Test for Assessing 

Practical Work 

Experimental Teacher supervision emphasized, with Amount of supervision depends on 
Set-up (includes studcnt errors identified and correrted individual teachers concerned; may or 
manipulating during normal practical sessions may not be judged from a practical 
and organising) examination report 

Basic Skills Emphasized during on-going formative Amount of coverage varies from 
(includes monitoring and also formally tested teacher to teacher; mastery of skills 
performing, during basic skills test using video tape left to chance; basic skills not tested 
measuring and during the practical examination 
reading) 

Tabulating and Tabulating data emphasized during Both tabulating and data processing 
Data Processing on-going formative monitoring. Data are being emphasized during the 
(includes graphs) processing emphasized in interpretation practical examination 

skills test administered using simulated 
data 

Interpretation Emphasized during interpretation skills Emphasis placed on following 
of data test using simulated data instructions in the question paper during 

the practical examination 
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easily tested in a written test. The basic skills 
involved in setting-up, measuring and mani- 
pulating the apparatus, which are generally not 
easy to assess without being subjective, belong 
to this category. The process of on-going 
formative monitoring was used to ensure 
mastery of each skill. This way, immediate 
remedial work can be provided for those who 
fail to master a particular skill. 

We will be the first to admit that this is a 
tedious process and the teacher-pupil ratio in a 
large class setting will make this a horrendous 
task. For the assessment of these skills, which 
are by and large neglected in the traditional 
practical examinations, we resorted to the video 
tape. The video tape not only is able to capture 
the close-up shots of specific skills, but also pro- 
vides a cost-effective way to test large groups of 
students at one go. 

An area that is also relatively neglected in 
traditional practical examinations up to the '0' 
level examinations is that of data analysis and 
interpretation skills. In the traditional practical 
examinations, emphasis is placed on following 
instructions given in the question paper. 
Students are not called upon to demonstrate 
skills involved in the interpreting of data. We, 
however, deem the handling data as an 
important skill that needs to be acquired. As 
such the second part of our assessment of prac- 
tical work is devoted to data analysis and inter- 
pretation skills. Again with cost-effective con- 
siderations in mind, these skills are assessed by 
us with a set of simulated data. This component 
requires transforming tabulated data into 
graphical form, accuracy of graph plotting, 
extracting information from the graph, and 
making sense of any equation given. It is our 
belief that a combination of these two parts pro- 
vides a more accurate means of testing practical 
work. It is more accurate and meaningful in 
assessing a student's grounding in practical 
work. In fact as confirmation, the correlation 
between these two parts of the test is a low 0.13, 

which is not significant at the 0.05 level, 
because the skills tested in the two parts are dif- 
ferent. There is therefore justification for 
separate assessment of these skills. 

Of the two areas, we deemed it important to 
ensure consistency in outcomes between the 
formative monitoring stage and the actual 
administration of assessment. For this purpose 
an intact class of forty students was picked and a 
checklist of measuring skills was utilised for the 
formative monitoring stage of the study. The 
actual assessment involving measuring skills, 
administered one and a half months later, 
showed a respectable 85 % consistency. The 
shortfall from perfection could be the result of 
differences in retention abilities. 

For the purpose of compari'son between the 
mode of assessment suggested by this study and 
the traditional practical examination, a tradi- 

l, 

tional practical test was also arranged for the ~ 
subjects concerned. ~ 

Results and Conclusions 1 

The basic skills test together with the inter- 1 
pretation skills test results in a more compre- ~ 
hensive assessment instrument than the con- 
ventional practical test. Besides incorporating 1 
process skills into the assessment criteria for this 
alternative form of assessment, it is also more l 

exacting in its demands as a test of mastery of 
practical work. On the other hand, the written 
report, the outcome of the traditional practical 
test, not only omits the assessment of process 
skills, but also cannot be used to reflect the 
quality of mastery of practical work. These dif- 
ferences are reflected in the non-significant cor- 
relation of 0.03 between the alternative prac- 
tical test and the conventional practical test, at 
the 0.05 level. 

Test Mode N X S.D. Pearson's r - 

Conventional Practical Test 40 20.15 7.07 
0.03 

Alternative Practical Test 40 27.65 3.57 
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One interesting fact to note is also the non- 
significant correlation at the 0.05 level, 
between: 

* the basic skills test and the conventional 
practical test (r = 0.06); 

* the interpretation skills test and the conven- 
tional practical test (r = 0.03). 

This serves to confirm that the skills tested 
by traditional practical examinations do not 
include either basic skills or interpretation skills 
(see Table 1). In fact one major inadequacy of 
the conventional practical test is its obvious 
neglect of these skills. This means that the con- 
ventional practical test is not giving the neces- 
sary emphasis towards the process skills so 
clearly highlighted in today's science. Tradi- 

tional practical examinations served their pur- 
pose of ensuring a candidate's grounding in 
practical work. It is, however, neither specific 
in its expectations, nor distinct in its promotion 
of process skills. In today's context it is there- 
fore falling short of expectations of curricula 
changes taking place. 

Whether therefore an alternative assessment 
which includes coverage of process skills, 
hitherto neglected in these practical examina- 
tions, should be attempted or not, will depend 
on the recognition of these skills as an impor- 
tant feature in practical work. Such process 
skills have become an established norm in the 
CDIS lower secondary science syllabus. What 
is unfortunate is the absence of follow through 
effort for the Secondary Three and Four levels 
in our schools. 
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Secondary School Students' Difficulties in Learning 
the 'Mole Concept' - A Preliminary Study in 
Singapore 

Goh Ngoh Khang 
Chia Lian Sai 

ABSTRACT 

This study uses the relevant test results from make use of every opportunity to train 
the Second International Science Study and students to "think in mole or number of 
the Local G.C.E. '0' level Chemistry papers particles" rather than to follow rigidly 
to show some difficulties faced by Singapore certain patterns to solve problems. "Think 
students in understanding the mole concept. in mole" is the key to many problems, and 
It also advocates that in teaching and hence the fundamental skill in solving all the 
learning the mole concept, teachers should problcms in the mole concept. 

Introduction 

The 'Mole Concept' in Chemistry deals with 
(1) the concept of number of moles, (2) the rela- 
tionship between 'mole' and other physical 
quantities, and (3) the quantitative relationship 
among particles taking place in a chemical 
reaction. 

While the periodic table is concerned more 
with the qualitative aspects of matter, the mole 
concept focuses on the quantitative aspects of 
matter. Several findings have provided suffi- 
cient evidence about the students' difficulties in 
learning this concept (Schmidt, 1984; Pun- 
zalan, 1984; Graham, 1983; Duncan and John- 
stone, 1973; and Cervellati et al., 1982). The 
mole concept is even identified as one of the 
more difficult concepts in '0' and 'A' level 
Chemistry Uohnstone ct al., 1971). At this 
juncture, it might be interesting to raise the 
following questions: 

Do Singapore students encounter any diffi- 
culties in learning the mole concept? 

If so, what are the difficulties faced by them 
and what are the possible causes for these 
difficulties? 

Gathering Data 

To look for the difficulties our students face in 
understanding the mole concept, we used the 
relevant multiple-choice questions from the 
following sources: 
(a) Second Internationnal Science Study 

(SISS), Population 3,  Chemistry Items 
Uacobson and Doran, 1985). The test was 
given in April 1984 to a group of students 
(N = 945, between 18 and 19 years), ran- 
domly selected, taking pure chemistry in 
the final year of the 'A'  level course in the 
junior colleges. 

(b) Local GCE '0' Level Examinations 
(abbrev. Local '0' Level) Chemistry Paper 
One for November 1982 (Chan et al., 
1984) and November 1983 (Sim and Koh, 
1984). The Chemistry Paper One was a 
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one hour paper consisting of 40 multiple- 
choice questions. The total candidates in 
1982 and 1983 were 474 and 342 respec- 
tively (between 16 and 17 years). Although 
these groups of candidates did not repre- 
sent all the Singapore candidates taking the 
Chemistry papers, because most of the 
cohorts sat for the Cambridge GCE '0' 
level Examinations, the outcome of the test 
results, to a great extent, was represent- 
able because of the following reasons: 
(i) Candidates sitting for the Local papers 

and those sitting for the Cambridge 
papers followed exactly the same Che- 
mistry course for the same duration. 

(ii) The standard of the Local papers was 
comparable to that of the Cambridge 
papers. 

Analysis and Discussion of the Results 

The test items are presented, in general from 
simple to complex, according to the following 
themes: 

Theme 1: Mole Quantities 
Theme 2: Empirical/Molecular Formulae 
Theme 3: Calculations from Equations 
Theme 4: Concentration expressed in m01 

per dm' 
Theme 5: Reactions involving Concentra- 

tion 
The item analysis and distractor analysis for 

each item were carried out. Besides the facility 
index (FI) and the discrimination index (DI), 
the percentage(%) of candidates who selected 
each option of a test item will be presented 
directly together with the item. The asterisk(*) 
shows the key answer for the item. Perhaps, it is 
not justifiable to compare F1 and D1 of the 
items across different tests. But with a relatively 
high KR20 for all the three tests (the KR20 for 
the Second International Science Study, Local 
'0' Level 1982 Examination and 1983 
Examination were 0.81, 0.87 and 0.84, respec- 
tively), the comparison of F1 and D1 of items 
from different tests can reflect, to a certain 
extent, some of the nature of the problems en- 
countered. In the following, the source of each 
item is indicated in the parenthesis after each 
item number. 

Theme l: Mole Quantities 

Item 1 (1982 Local '0' Level, Paper l ,  Q21) 

What mass of carbon dioxide contains the same number of 
molecules as 20g of hydrogen at s.t.p.? 
(Relative atomic masses: H, 1 ; C, 12; 0, 16) 

A B C' D E Omit F1 D1 
% 5.5 7.0 49.0 34.0 4.0 0.5 0.49 0.60 

Item 2 (1983 Local '0' Level. Paper l ,  Q19) 

Which of the following gases has the most number of 
molecules? 

A 2 g of hydrogen B 2 g of helium 
C 14 g of nitrogen D 20 g of oxygen 
E 50 g of chlorine 

A* B C D E Omit F1 D1 
% 48.9 10.9 5.4 6.0 28.3 0.5 0.49 0.48 

Items 1 and 2 were similar in nature. They 
both tested the students' understanding of the - 

Mole Concept. Students were also required to 
know the exact formulae of the compounds 
mentioned in order to get the key answer cor- 
rectly. As such in Item 1, option D was attrac- 
tive, probably because candidates forgot to take 
into account the existence of hydrogen as a 
diatomic molecule. Perhaps, this indicated 
that candidates could not really differentiate 
between moles of molecules and moles of 
atoms. 

But in the case of Item 2, option E was the 
most attractive one (28%) besides the correct 
key. This provided evidence that to associate 
'number of mole' with the 'mass' of that parti- 
cular substance in a direct proportional manner 
is probably one of our students' misconcep- 
tions. For the above two items, about 50% of 
the candidates could not comprehend the con- 
cept of mole correctly. 
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Theme 2: Empirical Formulae/Molecular In general, to find the empirical for- 
Formulae mulae/molecular formulae is not a problem for 

most of the students. Students have drilled and 
Item 3 (1983 Local ' 0 '  Level, Paper I ,  Q15) practiced them, and have patterns to follow in 

solving this type of problems. Therefore, for 
A compound containing nitrogen and oxygen only has 
36.4% by mass of oxygen. Its empirical formula is 'A' level students, this type of questions could 

be considered as easy. But given a question in 
which the content and the phi-asing were 

A NO B NO, C N 2 0 5  D N,O, similar to those requested for finding the empi- 

E N,O rical formula of a compound, except that the 
final stage requiring them to write the empirical 

A B C D E* Omit F1 D1 
% 3.3 20.1 6.0 7.6 62.5 5.0 0.63 0.53 formula was omitted, the outcome of the per- 

formance was surprising. 

The above item was quite easy for most of the Item 5 (SISS, pop 3, Q3C14) 
students. Instead of obtaining the correct ratio 
of 2: 1 for N:O, about 20% of candidates had One kind of stainless steel contains approximately 13 per 

opted the ratio l :2 (option B). It is possible that cent chromium and 1 per cent nickel by mass; the rest is 
iron. Which of the following gives the closest approxima- 

this group of students did understand tion to the ratio of the number of chromium atoms to iron 
the meaning of mole and the process for atoms in this stainless steel? 
deducing empirical formula from the per- The relative atomic mass of chromium = 52. The relative 

centage of composition by mass of the consti- atomic mass of iron = 56. 

tuents of a compound. 

Item 4 (1983 Local ' 0 '  Level, Paper l ,  Q17) 
13 86 c ---- . ---- 
108 ' 108 
13 

The percentage of calcium sulphate in gypsum, CaS0.x E -  X 52 : -  86 X 56 
H20 is 79. Calculate the value of X. 100 100 

- 
A B* C D E Omit F1 D1 

E 5 

A B* C D E Omit F1 D1 Even for 'A' level students who had gone 

% 4.9 51.1 18.5 8.2 16.1 1.1 0.51 0.54 through three or four years of a chemistry 
course, the F1 for this type of basic question was 
only 0.58. 

Although Items 3 and 4 were in nature A remarkable point to note is that option 
similar, Item 3 was very straight forward, 
whereas to solve Item 4,  students needed the 
skill to group the atoms instead of taking indi- 
vidual atoms into consideration. Therefore, a 
drop of F1 from 0.63 for Item 3 to 0.5 1 for Item 
4 was observed. 

Once a student knows how to classify CaSO, 
and H,O as two groups, the problem can be 
solved in the usual manner. This item did 
reflect certain misconception in mole - e.g. 
how to classify particles. 

E attracted about 35% of the candidates, 
indicating that they probably thought that "the 
ratio of the mass of chromium to that of iron" 
was directly proportional to "the ratio of the 
number of chromium atoms to that of iron 
atoms". 

This type of question is no different from the 
standard ones that students have been prac- 
tising all the time. Why then is there still a 
handful of 'A' level students making such mis- 
takes? Do they really think in terms of mole in 
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solving this type of question or do they just 
follow patterns to solve problems? 

Theme 3: Calculations From Equations 
(excluding those solving concentration) 

With the given balanced equation, students 
seem to have more difficulty in relating mole 
with 'volume' rather than with 'mass7. This 
can be judged from the following items. 

Item 6 (1983 Local '0' Level, Paper l ,  Q28) 

The equation for the complete combustion of propane in 
oxygen is 

The volume of carbon dioxide which can be obtained on 
burning 100cm3 of' propane in 250cm3 of oxygen is 

A 100 cm" B 150 cm3 C 250 cm3 
D 300 cm" E 500 cm" 

(All the volumes are measured under the same tempera- 
ture and pressure). 

A B' C D E Omit F1 D1 
% 8:2 46.2 19.0 22.3 3.8 5.0 0.46 0.34 

If students knew clearly the meaning of the 
coefficient given in a balanced equation and its 
relationship to the volume occllpied by the gas, 
this problem is a simple one. 

About 54% of the candidates did not select 
the correct key answer. Generally, students 
interpreted wrongly either bccause they related 
the number of mole to the volume occupied by 
the substance directly, regardless of the other 
conditions given (Options A, D and E), or they 
still clung to the l :  1 relationship of 0, to CO,  
inspite of the fact that five oxygen molecules 
would produce three molecules of carbon 
dioxide (Option C). It seemed that students 
related mole better to mass rather than to 
volume. 

Assume that the gas volume is measured at STP (O°C, 1 
atmosphere pressure). The relative atomic mass o l~a rbon  
is 12. The relative atomic mass of oxygen is 16. One mole 
of any gas occupies 22.4 dm3 at STP. 

A 0.25 dm" 5.6 dm" C 11.0dm3 
D 44.8 dm' E 67.2 dm" 

A B* C D E Omit F1 D1 
% 3.0 85.2 6.3 2.8 2.8 0.0 0.85 0.37 

The high F1 obviously indicated that straight 
forward 1 : 1 relationship (mole of C : mole of 
CO, = 1: 1) presented little difficulty. 
Although a balanced equation was not given, it 
did not really pose any difficulty for the 
students, since they were at 'A' level and the 
reaction was simple and common. But a 
non-l : l relationship showed the other picture: 

Item 8 (SISS, Pop 3, Q3C15) 

What is the minimum mass of sodium chloride (NaCI) 
that is needed to prepare 7.1 g of chlorine? 
The relative atomic mass of sodium = 23. The relative 
atomic mass of chlorine = 35.5. 

A B C *  D E Omit F1 D1 
% 16.5 4.1 65.3 4.1 10.0 0.0 0.65 0.35 

There is a difference of 0.20 between the F1 
of this question and that of the previous 
question. Some of the candidates might have 
known that 7.1 g of chlorine corresponded to 
0.1 m01 of chlorine. But they ignored the fact 
that 2 m01 of NaCI were required to get l m01 of 
Cl,. A drop of the F1 could also be due to the 
fact that the reaction equation was not given. 
However, it is expected that 'A' level students 
should be familiar with this type of simple 
reactions. 

Theme 4: Concentration Expressed in m01 per 
dm3 

When the concepts of 'mole' and 'volume' 
Item 7 (SISS, Pop 3, Q3C13) 

were merged together. students seemed to have 

What volun~e of carbon dioxidc is produced by burning encountered difficulty in applying this new 
3 g of carbon in excess oxygen? relationship to solve the problem, e.g. Item 9. 



Item 9 (1983 Local '0' Level, Paper 1, Q33) The fact that the balanced equation was 
given and that 1 : 1 relationship did apply to the 

Which of the following could be added to 20 cm3 of 2.0 M substances involved in this item probably 
hydrochloric acid without changing the pH of the 
solution? helped to maintain its F1 at 0.48. But the D1 

value at 0.34 probably indicates that most ' 

1 10 cm3 of 2.0 M HC1 
2 20 cm3 of 2.0 M HCl 
3 20 cm3 of 0.2 M HC1 

A 1, 2 and 3 are B 1 and 2 only are 
correct correct 

C 2 and 3 only are D 1 only is correct 
correct 

E 3 only is correct 

A R* C D E Omit F1 D1 
% 13.6 35.3 13.1 13.6 22.9 1.6 0.35 0.36 

The values of F1 and D1 were lower than 
those found for the simple questions related 
to mole quantities (e.g. Items 1 and 2). If one 
applies only the concept of 'mole' and ignores 
the existence of 'volume', then one would be in 
error. But if one is able to recognize which is the 
extensive factor and which is the intensive one, 
this problem becomes an easy one. 

It is possible that students' perceptions of the 
statement 'without changing the pH ofthe solu- 
tion' might have contributed to the low F1 and 
DI. But the main difficulty here was caused by 
the insignificance of the volume. 

Theme 5: Reactions Involving Concentration 
Expressed in m01 per dm3 

We may expect that the stoichiometric cal- 
culation on reactions involving concentration 
expressed in mol/dm3 will give students more 
trouble. 

Item 10 (1982 Local '0' Level, Paper 1, Q24) 

An aqueous solution contains 0.50 moUdm3 of sulphuric 
acid. Find the volume of this solution required to prepare 
6.60 g of ammonium sulphate according to the equation 

(Relative atomic masses: H ,  l ;  N, 14; 0 ,  16; S, 32) 

A 0.01 dm3 B 0.05 dm3 C 0.10 dm3 
D 0.50 dm3 E 1.00 drn3 

A B C*  D E Omit F1 D1 
% 8.0 17.5 48.0 10.0 16.0 5.0 0.48 0.34 

candidates did not know how to relate concepts 
of 'mole' to 'concentration in mol/dm3' and 
answered the question mainly by guessing. 

Although this question involves more than 
one stage calculations, if students are able to 
think in 'number of particles participating in 
the reaction' and know how to get them, this 
question will become simple. 

But when students are confronted with a 
reaction in which the equation is not given, and 
are asked to calculate from a non- l : l relation- 
ship, then they will encounter greater pro- 
blems, e.g. Item 11. 

Item l l (1983 Local 0 Level, Paper l ,  Q23) 

250 cm3 of a solution containing 0.8 mol/dm3 of sodium 
hydroxide is allowed to react with excess copper (11) 
sulphate solution. The mass of copper (11) hydroxide 
formed is 

A B* C D E Omit F1 D1 
% 15.1 38.1 23.9 10.4 9.7 2.7 0.38 0.30 

Of course, the manipulation of the concen- 
tration in mol/dm3 and arithmetical difficulties 
might contribute to the low value of FI. The low 
value of D1 showed that even some of the goad 
students were finding difficulty in solving this 
type of questions. 

In terms of problem solving skill, it is inter- 
esting to note students' performance of the 
following question concerning neutralization. 

Item 12 (1983 Local '0' Level, Paper 1, Q39) 

30 cm3 of 1.0 M aqueous sodium hydroxide will exactly 
neutralize 

1 15 cm3 of 2.0 M hydrochloric acid 
2 10 cm3 of 3.0 M nitric acid 
3 15 cm3 of l .O M sulphuric acid 

A 1, 2 and 3 are B 1 and 2 only are 

correct correct 
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C 2 and 3 only are D 1 only is correct 
correct 

E 3 only is correct 

I A* B C D E Omit F1 D1 
% 36.5 27.1 3.8 16.9 12.5 3.2 0.37 0.40 

Again, the non- l : l relationship seemed to 
contribute more to the difficulty of this ques- 
tion. The reaction between aqueous sodium 
hydroxide and sulphuric acid has been wrongly 
eliminated. 

Although for such a volumetric problem, six 
pieces of information are required, i.e. 
(M,V,)/(M,V,) = alb, the basic principle to be 
applied is that at neutralization, the number of 
moles of H + ions = number of moles of OH- 
ions. As a result, this problem can be simplified 
if one could think in terms of particles or moles 
by taking also the meaning of the chemical 
formula of a compound into consideration. 

From the items which have been discussed 
above, common problems in learning the mole 
concept can be identified as being the lack of 
one or more of the following: 

(a) Knowledge of chemical formulae. 
(b) Awareness of correct association of 'the 

number of particles/moles' to the 'mass'. 
(c) Understanding of the relationship between 

'mole' and 'volume'. 
(d) Ability to follow the actual stoichiometric 

relationship rather than blindly applying 
the 1 : 1 relation ship. 

(e) Understanding of the process for finding 
empirical formulae/molecular formulae. 

(4 Understanding of chemical equations and 
their balancing. 

(g) Awareness of relationship between 'mole' 
and 'concentration in mol/dm3'. 

(h) Application of concept of concentration in 
m o l l d m b o  solve problems involving 
reactions in solution. 

(i) Skills in calculation involving more than 
one stage. 

6) Certain problem-solving skills. 

All these difficulties are in fact not new and 
have already been discovered by many 
researchers. The occurrence of such difficulties 
does not lie completely with the learners them- 
selves, but it has certainly something to do with 
the teaching method (Cervellati et al., 1982). 

What are their implications for our classroom 
teaching? 

Implications for Teaching and Learning 

Certain strategies have already been suggested 
to tackle students' learning difficulties in this 
area, e.g. 

(a) to use analogy or simulation to teach 
certain related subconcepts in the Mole 
Concept (Gabel and Schenvood, 1984). 

(b) to stress the correct terms and usage when 
explaining process (Graham, 1983). 

(c) to apply the factor-labelled method to solve 
the stoichiometric problems. 

(d) to carefully design suitable test items for 
assessing certain structured sequences 
(Lazonby et al., 1985). 

(e) to use proper and appropriate instructional 
strategies to make the learning of Mole 
Concept at a more concrete level, e.g. the 
Piagetian-based learning cycle (Schlenker 
and Perry, 1983). 

We strongly believe that the above- 
mentioned strategies can help students to- 
acquire a better understanding and application 
of the Mole Concept. But we are more con- 
cerned about the fundamental skill necessary 
for solving the problem. From all the item 
analyses presented above, we are aware that on 
average about 50% of our students did not 
really comprehend the Mole Concept, or they 
had not 'thought in terms of mole' as they 
solved the problem. 

It is a common finding that students in 
secondary school normally think of the number 
of moles of a substance in terms of mass 
(Novick and Menis, 1976). The performance of 
students in Item 5 indicates clearly that even 
'A' level students think in the same way. This 
type of thinking is likely to be the consequence 
of particular teaching strategy teachers have 
applied to solve problems related to the Mole 
Concept. 

The meaning of 'mole' might have been 
grasped by students. Its simple relationship to 
relative atomic mass (or relative molecular 
mass) and mass of a particular substance might 
have been drilled and practised. But not much 
application of this simple concept in solving 
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problems related to the Mole Concept has 
been stressed. As a result, students may not 
have to appreciate 'mole' for solving problems 
involving the Mole Concept. Consequently, 
the habit 'to think in mole' will not be estab- 
lished with students. 

For example, for solving the following simple 
and straight forward problem: 

"Given that 2Mg(s) + O,(g) + 

2MgO(s), calculate the mass of magnesium 
oxide formed when 10 g of magnesium is burnt 
in air' ' . 

Teachers usually would teach if 2 X 24 g of 
Mg (24 g is the relative atomic mass of Mg) will 
produce 2 X 40 g of MgO (40 g is the relative 
molecular mass of MgO), then 10 g of M@ 
will give X g of MgO. 

Following this and using the relationship of 
proportionality, a simple equation containing 
one unknown X can be set up and hence X can 
be solved. The step used is completely logical 
and correct. Such an approach stresses that 
each balanced chemical equation is given a 
quantitative meaning in terms of ordinary 
weight - units, instead of in terms of atoms 
and molecules (Holderness and Lambert, 
1981). 

Although the same problem can also be 
solved directly in terms of the numbers of atoms 
and molecules by the concept of 'mole', in 
general, students seem to be happy to use the 
former problem-solving skill to handle this type 
of questions. However, we worry that the lack 
of frequent use of the concept of 'mole' might 
affect the learning of the other concepts under 
the Mole Concept. We are also afraid that the 
following consequences might arise: 
(a) Following such a practice, students might 

tend to be trained in placing their emphasis 
on thinking of the relationship of masses of 
reagents/products, rather than that of 
number of particles of reagents/products. 

(b) The cause-effect relationship might not be 
clear or might even be confused. In an 
actual chemical reaction, particles (e.g. 
atoms or radicals) in reagents will undergo 
rearrangement to form products. So, the 
number of particles present is the most 
characteristic part of any chemical 
reaction. As a result, for any complete 

reaction, the number of particles of the I 
reagent(s) used and the number of particles 1 
of the product(s) formed will have a definite I 

I ratio. And consequently, the mass(es) of , 
the reagent(s) will show certain relationship 1 
to the mass(es) of the product(s), since dif- 1 
ferent atoms have different masses. I 

In short, the relationship of masses of 
reagents(s) to that of product(s) in fact is 

i 
the consequence of the number of existing 1 

particles of reagents in relation to the i 

number of existing particles of products. 
i 

Once students confuse such cause-effect 
relationship, the misconception about 
reaction stoichiometry can occur easily. 

(c) Students tend to have a stronger associa- 
tion of chemical symbols, formulae and 
equations to the masses of the substances 
and hence less link or even ignore their 
relationship to the number of particles. 
Consequently, students might have only 
half of the real picture of the terms 
concerned. 

The same would be true when students 
attempt to solve problems related, for example, 
to: 

the learning of an empirical formula from 
percentage composition by mass of a com- 
pound (or mass of each of the components 
forming the compound). 
the volume of a substance participating in a 
reaction. 
the concentration of an aqueous solution in 
terms of mol/dm3. 
the use of MIVl/(M,V,) = a/b, if certain 
quantitative data are given. 
Teachers may try to over-emphasize the 

method for getting correct answers and may 
place little emphasis on demonstrating the 
meaning of the problem-solving processes - 
what actually happens? Some teachers even ask 
students to memorize and to follow certain 
format for solving a problem. As a result, 
students may use a rigid pattern rather than the 
thinking process, in terms of the number of 
particles participating in reactions to solve the 
problem. This may be especially important 
when teaching 'slow learners'. 

This does not mean that to recognize a 
pattern and to follow such a pattern is not 
important. But is this approach essential and 
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generalizable? Research findings clearly show 
that the factor-labelled method is not in general 
applicable (Larkin and Rainard, 1984). This 

r supports our belief that following rigidly to a 
certain pattern is not really a proper way to 
train students in problem-solving. Students 
should be given the opportunity to appreciate 
that there are different ways, rather than only 
one way, to solve the same problem. 

It is quite obvious that the heart of the whole 
I problem lies in the fact that when students solve 

1 problems related to the Mole Concept, they do 
I not really think in terms of the 'mole'. Such an 
1 important point has indeed not been reflected 

significantly in any of the previous works in this 
area. 

I Among all the research studies discussed 
above, some directly and some indirectly sup- 
port our view that to cultivate students to 'think 
in mole' is the fundamental technique for over- 
coming students' difficulties in learning the 
Mole Concept. But 'think in mole' has in fact a 
wider scope for solving problems. Its total 
applicability is a useful and practical technique 
in problem-solving. 

Perhaps one might bring up the following 
points for discussion: 
(a) 'Think in mole' could be impractical 

because Avogadro's number is huge and 
not easy to be imagined or visualized. 

(b) The approach of 'think in mole' might, in 
certain cases, complicate the mathematical 
treatment or calculation. 

(c) In view of their cognitive thinking level, 
students might have difficulty in accepting 
such an approach. 

'Think in mole' does not mean that students 
must always associate with the real Avogadro's 
number (6.02 X lOZ3). In fact, in many of the 
problems, this huge number does not appear, 
and also is not necessary. What students have 
to realize is the particular nature of matter and 
certain definite number (i.e., number of mole) 
of particles participating in a reaction. 

It is possible that some of the operations seem 
complicated. But, from the mathematical point 
of view, it is still a problem of a simple relation 

of proportionality in many cases. Furthermore, 
students are allowed to use the calculator. So, 
by proper training, mathematical operations 
should not become a real problem for students. 

The research finding from Rowel1 and 
Dawson (1980) demonstrated clearly that with 
certain instructional manipulation, Grade 1 1 
students (approximately 15 and 16 years old), 
including those initially mismatched to the 
task, are able to "understand" the mole, as 
revealed by their performances on a test of basic 
skills considered fundamental to that concept 
and on more complex questions requiring its 
use in chemical calculations. A Piagetian- 
oriented learning cycle on 'the mole concept' 
provided a good example that the use of appro- 
priate instructional strategies can facilitate 
students' learning at the concrete level 
(Schlenker and Perry, 1983). 

Conclusion 

In this study we have used relevant test results 
from the Second International Science Study 
and the Local GCE '0' level Chemistry papers 
to illustrate some difficulties faced by our 
students in understanding the Mole Concept. 
At the same time, we have also advocated that 
in teaching and learning the Mole Concept, 
teachers should make use of every opportunity 
to train students to 'think in mole or number of 
particles', rather than to follow rigidly certain 
patterns to solve problems. 'Think in mole' is 
the key to many problems, and hence the 
fundamental skill in solving all the problems in 
the Mole Concept. Furthermore, 'think in 
mole' also injects a concrete and lively meaning 
to the process of solving problems, as well as 
bringing the two aspects, microscopic and 
macroscopic, together. 

In order to have a thorough understanding 
on how our students tackle problems related to 
the Mole Concept, more research work should 
be carried out. We have planned some experi- 
mental approaches as well as a scheme for 
clinical interview. We hope that in the near 
future, more fruitful results can be reported. 
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Teacher Stress as a Correlate of Attitudes Towards 
Responsibility and Change 

Soh, Kay-Cheng 

Teachers today are continually charged with 
new responsibilities as a response to the chang- 
ing world outside the school. Changes in the 
society at large require corresponding changes 
within the school if the latter is to be responsive 
to society's ever-changing needs. To the extent 
that stress experienced by teachers affects their 
attitudes towards responsibility and change, 
which in turn affect their professional perfor- 
mance, the importance of teacher stress cannot 
be over-emphasized. That twice as many tea- 
chers as other professionals in human services 
reported nervous strain indicates an aggravated 
situation (Cox et al., 1978). 

The job environment has been identified as 
an important source of teacher stress. Role 
overload was the most significant predictor of 
overall stress and conflicting job demands have 
been found to be a contributing factor of stress 
among high school teachers (Litt & Turk, 
1985). On  the other hand, teacher stress can 
also, understandably, be attributed partly to 
personality factors. Studies in locus of control 
have found internal teachers who believed in 
their personal efficacy in influencing student 
performance and behaviour reported lower 
degree of stress (Halpin, Harris & Halpin, 
1985). Thus, internal locus of control serves as 
a moderator of job stress among secondary and 
college teachers (Soh, 1986). 

What are some of the effects of stress on 
teachers? Litt and Turk, (1985) found teachers 
afflicted by job stress reporting dissatisfaction, 
negative well-being, physical and psychological 

stress, absenteeism, and intention to leave the 
profession. 

The three stages of burnout are stress, strain, 
and coping. Resource-demand imbalance 
results in stress which, when not ameliorated, 
causes strain characterized by tension, fatigue 
and irritability. Prolonged strain then leads to 
defensive coping behaviour, characterized by 
emotional detachment, withdrawal, cynicism, 
and rigidity. This suggests that teachers experi- 
encing greater stress can be expected to be less 
willing to take on new responsibility and be less 
receptive to change. 

Against this background, the present study 
attempts to find out the relationship between 
teacher stress and teachers' attitude towards 
responsibility and change. It is predicted that 
there is a negative relationship between stress 
and attitudes towards responsibility and 
change. 

METHOD 

Subjects 

Twenty-seven participants of an advanced 
teacher education programme (Further Profes- 
sional Certificate in Education) at the Institute 
of Education, Singapore took part in this study. 
They were in the first quarter of a one-year pro- 
gramme preparing them to assume the respon- 
sibilities of departmental heads in primary 
schools. There were eight men and 19 women. 
Of these, 60 % had 16 or more years of teaching 
experience while the remaining 40 % had less. 
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Measures sibility and change, on the other hand, are 

Teacher Stress. A 20-item self-reporting scale 
was adapted from Wilson Profile of Teacher 
Stress. Earlier studies (Soh, 1986) using this 
scale found it to have acceptable reliability and 
validity. Five aspects of occupational stress 
experienced by teachers were covered, namely, 
student behaviour, administrative relationship, 
peer relationship, intra-personal conflicts, and 
physiopsychological symptoms. The total score 
indicated the degree of overall stress. For the 
present sample, the scale as a whole has a 
Cronbach's alpha of .85. 

Responsibility. The willingness to accept res- 
ponsibility and the attitude towards it was mea- 
sured by a 14-item scale. In an earlier study 
(Soh, 1985) involving primary and secondary 
school teachers, this scale yielded a Cronbach's 
alpha of.  79 and had significant correlation with 
educational attitude and locus of control. For 
the present sample, the Cronbach's alpha is 
also .79. 

Change. The subjects' attitude towards 
change was measured by a 20-item scale. This 
scale has a Cronbach's alpha of .89 and cor- 
related significantly with educational attitude 
and'locus of control (Soh, 1985). For the pre- 
sent sample, the Cronbach's alpha is .69. 

RESULTS 

Correlations between teacher stress measures, 
on the one hand, and attitudes towards respon- 

shown in the table. As shown therein, all cor- 
relations between teacher stress measures and 
attitude towards responsibility are negative and ,, 
significant at the .05 level. Only two correla- 
tions between teacher stress measures (Student 
Behaviour and Physiopsychological Symp- 
toms) and attitude towards change are signifi- 
cant. The correlation between another two tea- 
cher stress measures (Administrative Relation- 
ships and Intrapersonal Conflicts) marginally 
miss the .05 level of significance. For teacher 
stress in general (Overall Stress), the correla- 
tions with both attitudinal measures are 
significant. 

DISCUSSION 

The finding of negative relationships between 
stress and attitude towards responsibility and 
change deserves attention. In an ever-changing 
world, a negative attitude towards change 
signals potential poor adjustment in work at the 
personal level and a hindrance to progress at 
the system level. The importance of the willing- 
ness on the part of teachers to shoulder new 
responsibilities cannot be over-emphasized. 
Teachers today are expected to take on new 
duties which may call for extra effort to carry 
out familiar tasks or to acquire new skills for 
unfamiliar ones. Without a positive attitude 
towards responsibility and change, many of the 

TABLE: CORRELATIONS BETWEEN CHANGE, RESPONSIBILITY AND TEACHER 
STRESS MEASURES 

Correlations with 
Teacher Stress Measures 

Responsibility Change 

Student Behaviour 
Administrative Relationship 
Peer Relationships 
Intrapersonal Conflicts 
Physio-psychological Symptoms 

Overall Stress -.68* - .30* 

* p <  .05 (one-tailed test) 
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new, innovative educational enterprises will 
have difficulty in taking off. 

It is then logical that ways and means need to 
b~ found to immunize teachers against undue ' stress if they are to function effectively. Since it 
is much more difficult, if not impossible, to 
change the work environment in which teacher 
stress is experienced, one possible line to take is 
to change the teacher's locus of control, as it has 
been found that internality has a moderating 
effect on stress. This is not only feasible but also 
possible as shown by the successful use of RSI 

(Relexation, Suggestion, and Imagery) tech- 
nique with high-school teachers in modifying 
their locus of control (Stanton, 1982). A similar 
experiment has been planned for some teachers 
in Alabama and Kansas (Sadowski, personal 
communication). Such training programmes 
may prove themselves valuable in enhancing 
teachers' ability to cope with stress and indi- 
rectly affecting their attitudes towards change 
and responsibility, two important ingredients 
in teacher effectiveness in a fast changing 
society. 
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