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Abstract

The present study examines science education policies in three selected

developed countries and compares them with science education policies in

Lebanon in order to identify their potential reform policies and practices

applicable to Lebanon. The selection of the three countries, the U.S.A., V.K.,

and Japan, was based on the amount of time and effort devoted in these

countries to improving and modernizing their science education policies and

curricula. Three aspects of secondary science curriculum poliey in the chosen

countries were analyzed and compared with those of Lebanon. These were:

aims and objectives; pattern of science program including the science

curriculum, the amount of time a!lotted to the study of science and the

content of school science subjects; and the organization of school science

induding science requirement for graduation from high school, teaching

strategies and mode of examinations. The data collected for analysis from the

three chosen countries showed that, unlike Lebanon, in the three developed

countries: education is compulsory up to at least the age of 16; aims and

objectives are stated clearly and carefully; science is an integrated subject in

the first year of secondary level, then it becomes separated into chemistry,

physics and biology. The content of science subjects emphasizes the method

and process of science and its application to the society. Examinations are

designed to evaluate students' learning in science in contrast te Lebanon

where examinations are designed to discriminate among students.
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Resumé

Cette étude scrute les politiques de l'enseignement des sciences de trois

pays parmi les plus industrialisés et les compare à la politique en vigueur au

Liban. Nous ferons ressortir les principales reformes entreprises dans ces pays

et leurs possibles applications au Liban. Le choix de ces trois pays, les États­

Unis, La Grande -Bretagne et le Japon, se justifie par l'immense effort et le

temps investis par ceux..ci depuis quelques années pour améliorer et

moderniser l'enseignement des sciences. Pour chaque pays, nous avons

analysé trois aspects du curriculum en sciences au niveau secondaire et les

avons comparés avec ceux du Liban. Nous avons retenu: les buts et les

objectifs, Le profil de formation en science incluant le curriculum, le temps

alloué à l'enseignement et le contenu des différentes matières scolaires et,

finalement, l'organisation des sciences à l'école y compris les exigences pour

l'obtention du diplôme du secondaire, les stratégies d'enseignement ainsi que

le mode d'examens. Les données obtenues pour analyse de ces pays

démontrent que, à la difference du Liban, l'éducation y est obligatoire au

moins jusqu'à l'âge de 16 ans; les buts et objectifs y sont affirmés

soigneusement et explicitement; la science est une matière intégrée aux autres

matières scolaires dès la première année du secondaire et se subdivise en

cours de chimie, de physique et de biologie dans les années subséquentes. Le

contenu des programmes insiste sur la méthode et le processus scientifiques

ainsi que sur leurs applications concrètes dans la société. Les examens sont

conçus pour évaluer la connaissance scientifique des étudiants, contrairement

au Liban où ils y sont élaborés pour selectionner l'élite estudiantine.
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Chapter 1 Introduction

Tbe PrQblem: Tbe Nccd for Science Cuniculum rouc:y Improycment in

Lebanon

Most of the research in science education in Lebanon was done in the

Iate 70s and early 80s. Due to the war situation in Lebanon (from 1975 to

1992), with few exceptions, most materials which deaI with school curricula

are 20 years oid. National studies of science curriculum polides in Lebanon

have identified certain specifie difficulties afflicting sdence education (Badro

& I<raidy, 1980; El-Amine, 1994). These difficulties were aiso identified by

opinion surveys of teachers, layrnen, parents, and principals (The Center for

Educational Research and Development, 1974). The objectives, aims and

purposes of science curriculum were found to he no longer relevant ta the

needs of the student in today's society (Boujaoude, 1996; Boujaoude & Khalid,

1995; Zouain, 1994). These conditions are compounded by a shortage of

qualified science teachers (Zouain, 1994). Science teaching and leaming in

Lebanon are now lagging behind contemporary international trends. This

study will propose a relevant sdence curriculum based on an analysis of the

science curriculum polïcies in three developed caunmes.

Teaching of science is considered to be an integral part of general

education (American Association for the Advancement of Science, 1989a,

1989b). Basic sdentific knowledge is recognized as being necessary and
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important for the population as a whole. In general, science education should

adapt to the society within which it is practiced. This includes taking into

account the needs of students as weIl as changes in the social, economic, and

political environment.

In order to bring innovation to science curriculum policies in the Arab

States which include Lebanon, the education leaders of an Arab States met in

Abou Dhabi (l9m and recommended that:

Ed\l\:ation (in aIl Arab countries including Lebanon] should be

designed in order to keep pace with educational trends. (UNESCO,

1977, p. 23)

The conference stressed that educational innovation in science

curricula in Arab countries (teaching methods, textbooks, teaching aids)

should make use of contemporary world experiments and experiences. This

did not happen in Lebanon because of the war which lasted seventeen years

(1975-1992).

Science education is now an area of pressing concern expressed in

National reports (El-Amine, 1994; Zouain, 1994). The science curriculum is

no longer adequate and does not meet the needs of students in a changing

society. Furthermore, schoai science content is out of date and far behind

contemporary knowledge (El-Amine, 1994). This concern is heightened by the

sense that students today and tomorrow will need a very different, more

extensive science education than secondary schoots have provided in the past

(El Amine, 1994; Zouain, 1994). ProposaIs for a new science cuniculum for
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Lebanon that incorporate recent research and experiences in other countries

are therefore timely and appropriate. With an appropriate school science

curriculum that takes into account the needs and interest of students, as weIl

as the needs of society, students will he better prepared ta functian effectively

in tomorrow's society.

Research Questions

This study looks at science education policies in selected developed

countries and compares them with science education policies in Lebanon in

order to identify their implications for reforrn policies and practices applicable

to Lebanon. It will answer the question: "What aspects of science curricula

from U.K., U.S.A., and Japan would he appropriate for inclusion in a science

curriculum for Lebanon?".

The aspects of science curricula considered will he: a) the aims and

objectives; b) the pattern of science programs, which is defined as the science

curriculum, the amount of time allotted to the study of science and the

content of school science; and c) the organization of school science, which is

defined as science requirements for graduation from high school, teaching

strategies, and mode of examinations.

Scope of the Study

Five practicallimits to the scope of the study are considered. These are:

definition of "science" subjects; the countries chosen; theoretical approach to
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science teaching and learning; the school educational level; and the

curriculum guidelines.

DefinitiQn Qf "science" subjects

In this study, the basic science subjects are defined as biology, physics,

chemistry with the addition of the National Science Education Standards list:

physical science, life science, earth/space science, science and technology,

science in personal and social perspectives (STS), and the history and nature

of science (National Research Council, 1996). Social studies, mathematics,

technology (in the sense of design or craft) and computer studies will be

excluded from this study, even if in sorne countries they are considered ta be

science subjects. Technology is treated in this study when it is included in a

sdence course as an application of science. The New Information

Communication Technologies (NICT) are recognized as essential teaching

tools, rather than as curriculum content.

CQUDtries cbQseo

An overview of science curricu1um polices designed for general

students will be undertaken and a more detailed examination and analysis of

science curriculum policies developed for advanced students in science will

he conducted for the U.S.A., U.K., and lapan for comparison with those in

Lebanon. These countrïes were selected for the following reasons:
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1. A review of the literature shows that these countries have devoted

large amounts of time, money, and effort to improve and modernize their

science education policies and facilities.

2. These countries are well-known for their contemporary policies in

science education and for the scientists trained as a result of applying these

policies.

3. Recent reforms in science curriculum polides in these countries,

mostly developed since the rnid 1980s, reflect the rapid changes in individual

and societal needs.

4. The three countries are generally successful in international

assessments of achievement in science [e.g. Third International Mathematics

and Science Study (TIMSS), 1997] (Science Education Newsletter 134, 1997).

Although the current science curriculum in Lebanon is a version of the

previous one, which was based on the French system, France is not included

in this study. This is due to the fact that reform is currently taking place in

France in arder to make the educational system in that country more effective

and challenging. To accomplish this, the French are looking at the experience

of the countries selected in this study (Hasegawa, 1993; Les systèmes de

formation, 1993).

Ibeoretical approacb to science tea,bina and leamin.

Decisions regarding curriculum are based on theoretical considerations.

The study will outline sorne of the major curriculum theories that have
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informed curriculum decisions in countries described in this study, although

the extensive literature dealing with the psychological foundations on which

these decisions have been based is outside the scope of this study.

Eduçational levels

Science forms a part of the curriculum of almost every school in

Lebanon. Students are required to study this subject from their earliest years

in the c1assroorn until at least the end of high school level. This research is

primarily concemed with science education at bath lower and upper

secondary school levels. The lower secondary school level in this study is

defined as grades 7,8, and 9 where the age of students varies from 12 to 14.

The upper secondary schoollevel are grades ID, Il, and 12 where the age of

students varies from 15 - 17 or 18. The objective of this research study is to

analyze science curriculum polides and curriculum resources in lower and

upper secondary schoollevels and to propose a curriculum for Lebanon based

on this analysis for the following reasons:

1. Reform of science curriculum polides at the elementary level in

Lebanon has taken place more recently than at the secondary level. The

elementary school curricula have been revised and textbooks and teacher

guides have been prepared (Za'rour, 1983). However, science curriculum

polides at lower and upper secondary levels have not been subject to any

practica1 reform since 1970 (for lower secondary level) and 1968 (for upper

secondary level (Zouain, 1994). There is no evidence that any govemment
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document on science curriculum at the secondary level has been published

since 1975.

2. A study of science curriculum policies in Lebanon carried out by the

Ford Foundation (Maybury, 1975), by the Lebanese Center for Educational

Research and Development (CERD) (Bashour, 1979), and by UNESCO (1991a)

showed a need to change the way science was taught at both lower and upper

secondary levels. Although aIl these studies found that the aims, purposes,

and objectives of science were no longer relevant to the needs of the student,

in practice, nothing has been done in Lebanon to improve secondary science

curricula in order to help the student to function effectively in today's society.

3. In the upper secondary level in Lebanon, science is a compulsory

subject for aIl students At the end of this level students sit the National

Secondary Examination, the Lebanese Baccalaureate. It has been

demonstrated that the type of questions contained in the examination are in

sorne cases irrelevant to the objectives and contents of science courses studied

(Eid, Kassab, Sarkis, & Zraiby, 1979): most questions were in the knowledge

category as defined by Bloom (1956) and later specified by Klopfer (1971). This

discontinuity between secondary school science programs and examination

questions identifies another problem which contributes to the importance of

this study. There is no evidence that examinations have improved since

1979.

4. In Lebanon, Many students do not go beyond the Baccalaureate II

(Grade 12 in Canada). The percentage of students who actually attain
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university level is small (Abou Roujaily, 1984; Badro et al, 1980; Zouain, 1994).

Therefore, if students are ta learn science, this leaming will take place at the

secondary level. These students are called general students in this study. For

students planning to continue their science studies there is a need for

substantial content and enriched programs. These students are calIed

advanced students in this study.

5. At both lower and upper secondary schoollevels, the numerous and

broad objectives of science correspond to the much broader range of students.

At these levels, school curricula should address the needs of aU students, and

science programs must serve a wide variety of purposes. By contrast, at

university levels where students intend to specialize in sdentific work for a

career, programs and objectives are relatively few and more specifie. The

wider range of students and objectives at both secondary levels will provide

more comparisons ta he examined in this research.

Thus, this study will concentrate on lower and upper secondary leveis

where it will be shawn that the nature and quality of science teaching and

leaming and the examinations need improvement.

Limitations for the stud;y

This study is limited to an examination and analysis of science

curriculum polides (including roIes, syllabi, plans and guides) because they

are readily available and open to comparison. It does not examine the

various conceptualizations of curriculum, nor the variety of ideological
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frameworks of which curriculum developments are based. Rather, it assumes

that the three countries selected for analysis have aU based their science

curricula on similar positivist models. Other problems identified by the

CERD (1974) and by El-Amine (1994) such as poorly described curriculum

guides, lack of adequate teaching materials and practical work are beyond the

scope of thi5 study. The literature examined for this study will inc1ude

primary sources from each of the four countries as weIl as supporting

evidence from summaries and secondary sources where appropriate, or

where primary sources are missing. It will he apparent that the war has

caused many gaps in the Lebanese sources.

The present study therefore compares secondary science curriculum

polides in the U.S.A., U.K., and Japan with policies in Lebanon and proposes

new directions for educational reform in the Lebanese science curricula.

Sorne of the govemment documents from Lebanon may appear te he

outdated. But since curriculum reform in Lebanon has been stagnant since

the war, it is apprapriate ta review the literature on science education poliey

trends since the rnid 19705. This will show the developments tha t have

occurred in the chosen countries as a background to the present situation.

Dulline of the Study

The remainder of study is organized into five chapters:

Chapter 2 deals with international trends in 5econdary science

curriculum policies. It reviews the theoretical reform undertaken by certain
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educational and scientific organizations and associations in the countries

included in this study.

Chapter 3 reviews the general, historical, cultural, political and

economic context of Lebanon and its educational system.

Chapter 4 reviews science curriculum policies in the selected developed

countries planned for general students. It also provides a comparison of

science curriculum policies designed for advanced students in science in the

selected developed countries.

Chapter 5 looks at science curriculum policies in Lebanon and

compares them with similar polides in the selected developed countries. It

al50 identifies major problems and needs drawn from this analysis.

Chapter 6 presents sorne recommendations for the development of a

science curriculum in Lebanon.
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Cbapter 2 International Trends in Science Curriculum Policies

Science is a basic and important aspect of everyone's intellectual

development. The end product of science education continuously influences

our way of life: our health, our modern conveniences, and the basis of our

economy. In a growing number of countries, the 20th Century has come to be

known as the age of science. It has been an era of constant change which has

become an element of educational poHcy (Lee, 1991). A review of the

literature shows that most developed countries have reexamined, revised,

and restated their aims in science education aver the last twenty years. The

content and the teaching methods have also been subjeet ta similar scrutiny.

Syllabi are becoming more practical in character and are based on the criterion

of their validity as preparation for life and for further study. AlI students

must be provided with science experiences that will assure them of

developing concepts, attitudes, and skills which will, in turn, enable them ta

live and function effectively in an ever changing scientific and technolagicaI

society.

This review examines theoreticaI reform projects to improve science

curriculum policies put forth by certain educational and scientific

organizations, and formulated by the countries induded in this study.
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Science Curriculum Policr Reform: UNESCO and Other Oraanizations

Work done by UNESCO in the late 1970s and early 1980s, has formed

the basis of much of the science education policy in other countries. [t is

therefore worthy of detailed consideration.

A review of UNESCO work on science curriculum policies shows that

the trends in science education throughout the world are toward a

recognition of the interdisciplinary nature of science, a view of science as an

entity as weIl as a collection of separate disciplines. At the schoollevel today,

biology, physics, and chemistry are not taught in isolation. The links between

the disciplines have blurred their boundaries (UNESCO, 1980, 1990a). This

interdisciplinary approach to sdence is known today as "integrated science".

Two key UNESCO studies in integrated science were published in 1979 and

1990. 80th will he addressed in this section.

The concept of intell'3ted scjence

"Integrated science" has been defined as, "those approaches in which

the concepts and prindples of science are presented 50 as to express the

fundamental unity of scientific thought and to avoid premature or undue

stress on the distinctions between the various scientific fields" (UNESCO,

1983a, p. 115). This definition encourages a broad diversity in the overall

structure and organization of programs that are considered to be integrated

sdence (Chîsman, 1990).
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Integration can he between two or more natural sciences such as

chemistry, physics, biology, astronomy, earth science and environmental

science, or among basic and applied sciences and technology or between

science and non·science disciplines. In this study, integrated science will he

limited to those areas involving natural sciences and in sorne cases their

related technological topies. In many countries science courses at the primary

level are well-integrated. However, at the secondary schoollevel where

various natural sciences are taught, "integrated science" is a relatively new

phenomenon.

A review of recent studies on science curriculum has shown that the

field of integrated science education has expanded rapidly in the last few

decades. According to UNESCO ( Haggis &: Adey, 1979), there were more than

130 courses in integrated science worldwide, mast of them at the lower

secondary levei \vhere the pupil's day-to-day experienee is often treated in an

integrated manner. Today integrated science eonstitutes an important part of

any science curriculum poliey. It eontributes to general education,

emphasizes the fundamental units of science and leads towards an

understanding of the place of science in contemporary society. ft avoids

unnecessary repetition and permits the introduction of intermediate

disciplines such as economic, social, and environmental issues (Chisman,

1990). Integrated science is used to provide the framework within which

science can be taught in a relevant way. Relevant science, as defined by

Maybury, is a subject that has a broad set of objectives necessary to allow aIl



•

•

14

students, regardless of their abilities, to satisfy their needs (Maybury, 1975).

The following pages will explore sorne projects developed by UNESCO and

other organizations. These projects could be useful in revising the secondary

school science curriculum in Lebanon.

In New Trends in Integrated Science Teaching (volumes V and VI)

UNESCO (Gadsden, Betch & Dawson, 1979; UNESCO, 1990a) surveyed over

100 integrated science projects; twenty-three different kinds of objectives were

identified and dassified in five categories. These are:

1. Scientific literacy that includes objectives dealing with the processes,

nature and values of science; science and society; manipulative skills; and

attitudes toward science.

2. Personal growth that deals with the view of self; intellectual abilities;

and enrichment of Hfe.

3. Social relevance that indudes comprehension and solution of

problems; practical knowledge; and attitudes toward school and society.

4. Immediate, personal concerns that include preparation for

examinations and higher education; career awareness and preparation; and

survival.

5. General education that deals with man's effects on culture and

nature.

The information above shows that the major trend in integrated

science was the total education of the learner, including the development of

social and manipulative skills and intellectual abilities. Integrated sdence
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also emphasizes scientific literacy, more numerous and broader objectives,

increasing relevance, tying science more closely ta society, and an awareness

of career opportunities in the field of science and applications of science into

the world of work. Examination of the UNESCO study on integrated science

also shows a trend away from discipline-centered science and toward

inclusion of programs in environmental education, health and nutrition, the

interaction of science and society and scienee-integrated technology.

Each of these topies or programs that could be eonsidered appropriate to

Lebanon will now be explored separately.

Inteil'ated science and environmental education

The environment ean he viewed as a laboratory which, unlike

traditional science laboratories in chemistry, biology and physics which

require space and expensive materials, provides us with valuable and

inexpensive resources in the form of a school garden, a zoo, a farm, a factory,

a mining site, and other natural locations. The environment can be

considered as an excellent integrating theme providing relevance and a social

focus to science.

In 1975, UNESCO and the United Nations Environment Program

{UNEP} jointIy launched the International Program for Environmental

Education (WEE) (Connect, 1985). The main tasks of the IPEE were to establish

pilot projects, and elaborate policies and strategies of environmental

education at alllevels: local, national, regional, and global. UNESCO defines
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IPEE as any intentional endeavor to help individuals and students to learn

something in sorne setting about the environment, the dynamic reciprocal

interaction of man with it, and the need for and ways of affecting this

interaction process (UNESCO, 1978). As a result of the various activities of the

IPEE, more than 40 countries have officially introduced environmental

education into their science educational policies and reforrn (Connect, 1985).

Accarding ta UNESCO (Connect, 1985; UNESCO, 1990a) almost aIl

school science curricula at secondary school level contained environmental

topics, environmental education objectives and content. What was lacking

most often was a more systematic development and integration of the

environmental component into science curricula (Connect, 1985; UNESCO,

1990a). It was suggested by the IPEE that at the senior secondary schoollevel

(the terminal level for many students) further attention could be focused on

the environrnent through an interdisciplinary environment course

involving chemistry, physics, biology, geology and other disciplines.

The Intergovemmental Conference on Environmental Education

(1978) held in Tbilisi in 1977 proposed a course in environmental education

based on the outcomes of the previous conferences held respectively in

Stockholm (1972) and Belgrade (1975). The principal audience in the formaI

education sector for whom this course was designed is secondary school

teachers and students. It was also suggested that environmental education be

incorporated into programs intended for leamers at alileveis (Haggis, et al,

1979; UNESCO, 1990a).



•

•

17

The goals of the environmental education program designed at the

Tbilisi Conference (UNESCO, 1978) were to develop a population with a clear

awareness of the environment and its related problems, and to provide

students with the knowledge, skills, motivation, attitudes, and commitment

to work individually, or in groups, toward solutions of current problems and

the prevention of new ones. The goals have been translated into six

categories of objectives. These are: a) awareness; b) kno\vledge; c) attitude; d)

skills; e) evaluation ability; and f) participation (UNESCO, 1978; Dyasi, 1979).

A working group at this conference proposed that environmental

education should a) center on specifie interdisciplinary problems, b)

emphasize a "learning by doing" approach, based on diversity of experience

and direct contact with the local environment, and finally stress the active

participation of individuals and groups at aIl level in working towards

resolution of environmental problems (UNESCO, 1978). The group also

recognized the need to introduce an environmental dimension into all

disciplines and educational curricula. It should be centered on practical

problems and he interdisciplinary in character (UNESCO, 1983a). In short,

environmental education should aim at providing knowledge which is

sdentifically based, and develop attitudes and values which form the solution

to environmental problems.

The participants at the International Congress on Science and

Technology Education and National Development held in Paris in 1981

(UNESCO, 1981) took the view that humanity should direct its efforts toward
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improving quality of life, preservation of the environment, and intelligent

exploitation, processing and utilization of its resources. In order to reach this

goal, schools should provide students with knowledge and the understanding

of the ways which may he used te support the self..regenerative capacity of

nature and prevent undesirable practice. The trend today in teaching

integrated science programs is toward the inclusion of environmental issues

which have an international dimension such as population, energy,

pollution, agriculture, water, and air. These issues attempt to relate teaching

te sodal concerns (Chisman, 1990).

Inte&rated science and technoloi)'

The International Symposium on the Teaching of Science and

Technology in the Context of General Education (UNESCO, 1985a, 1985b)

involved a study of one hundred definitions of technology. The following

definition was suggested for consideration (Vohra, 1987):

Technology is the know-how and creative process that may utilize

tools, resources and systems to solve problems, ta enhance control

over the natural and man-made environment in an endeavor te

impreve the human condition. (p.415)

The concept of "technology", no longer limited only to technical and

vocational education, now reflects ideas and characteristics such as creativitY,

curiosity, design, skill, problem solving, use of resources, improvement of the

human condition and control of the environment, both natural and man-
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made. Technology and science studied in school are related through mutual

influence and resources. Science influences and is influenced by technology.

Equally science provides resources for technology and is provided with

resources by technology. It has aiso been pointed out that science and

technology resuit both from the application of scientific knowledge to

practical purposes and from a response to practical problems (Edwards, 1987).

Today modern technology is considered to he a part of modern society.

The integration of technological tapies into secondary school science could

increase students' motivation, attitudes and creativity, and help them to link

their school activities with the world around them. Technology has always

occupied an important place in UNESCO's programs. Science and technology

were included in 3 of the 14 major programs in UNESCO's medium·term

plan for 1984-1989 (Samady, 1984). It is widely recognized today that science

and technology form an integral part of contemporary culture. Their

application contributes to improving our living standards and conditions.

Efforts have been made in Most countries to integrate technological topics

within interdisciplinary science courses, and to develop the teaching of

science and technology at allievels of secondary education. In Interest in

Science and Technology Education: 12th Symposium (UNESCO, 1984), six

main arguments were used to justify incorporating technology into secondary

schocl science curriculum:

1. Science and its applications in technology can help ta improve the

quality of life.
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2. It is important that future citizens should be equipped to live in a

world which is scientifically and technologically oriented.

3. In many countries secondary schooling is terminal for many

children; therefore it may become the only opportunity for them to explore

the environment in a logical and systematic way.

4. Science and technology can help students to acquire intellectual

skills which will he valuable for them wherever they live and whatever work

they do.

5. For effective science education, science teaching should stress

scientific and technological knowledge. It should take the abject of its study

from the surrounding environment and adapt ils explanation to rational

ideas that exist locally.

6. Teaching of technology constitutes that part of the teaching of

science concerned with the use of sdentific knowledge, principles and skills

for practical application in the various branches of industry, agriculture,

medicine, and land use. Taking account of the dependency of human life on

these necessary skills, technology becomes inseparable from science

curriculum.

The above six main reasons apply to Lebanon and suggest that at the

secondary school level, education through science-integrated technology

should continue to make a major contribution ta general education regardless

of whether or not the pupil proceeds to a scientifically or technologically

oriented career.



•

•

21

According to a number of UNESCO publications (UNESCO, 1986a,

1986b, 1988, 199üb, 1992), many science and technology courses have been

developed in recent years. The stated aims and objectives of these integrated

projects are:

1. To open a window anto the world outside the school laboratory and

ta link science with technology 50 that the student will view the nature of

science as a human enterprise.

2. To teach students scientific concepts and ideas that are relevant to

real life and which will motivate and encourage them to study science.

3. To help students: a) acquire knowledge and understanding of

sdentific and technological issues; b) understand that science and technology

are sources of change in society; cl acquire basic knowledge and skiIls; d) apply

the knowledge, skills and processes to their everyday life; e) appreciate that

scientific theories are tentative and subject to change in the light of new

evidence. These changes can affect technology and society; and f) to acquire a

range of cagnitive and psychomotor skills and processes from the persona!

experience of scientific activities, procedures and applications in the

laboratory and in the field.

4. The attainment of a sdentific perspective gives one way of looking at

the world, together with sorne understanding of how it complements and/or

contrasts with other perspectives or ways of organizing knowledge and

inquiry.
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According to Aikenhead (1992) the social isolation of tradi tional science

teaching has discouraged bright and creative high school students from

pursuing science careers. Therefore, he believes that teaching integrated

courses in science and technology should improve the science literacy of all

students including those going on ta careers in science and technology. The

National Science Teacher Association (NSTA Task Force, 1990) and the

American Association for the Advancement of Science (AAAS, 1989a, 1993)

described the qualities and capabilities of scientifically and technologically

literate persons as those who: a) use concepts of science, technology and

ethical values ta solve everyday problems; b) recognize that science and

technology are human endeavors; c) provide a scientific explanation for

natural processes; cl) locate, collect, analyze, and evaluate sources of scientific

and technological information and use these sources in solving problems,

making decisions and taking actions; and e) consider the political, ecc,Homic,

moral, and ethical aspects of science and technology as they relate to personal

and global issues.

The working group in Innovations in Science and Technology

Education vol. II CLayton, 1988) stated that there are two ways to develop

integrated sdence/technology curriculum. One way is ta replace certain

concepts in the science curriculum with aspects of technology. This could be

accomplished by preparing either optional units or source books for teachers.

A second, more innovative way, is to provide new integrated

sdence/technology projects. It was also suggested that integrated
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science/technology courses should be implemented at the secondary school

Ievel where the curriculum should move from the concrete to the abstract

with a Ievel of complexity that should increase with the child's cognitive

development.

Intepated science and sQciety

The 10-11 year oid child is not concerned with world problems. Society,

for a 10 or Il year oId, means home and the immediate environment.

Therefore, science for this age group should he relevant ta the immediate

environment. But as the child grows aIder the view of society gradually

increases ta include community and nation. Concem with world problems

appears around the age of 16-17 (Intergovernmental Conference on

Environmental Education, 1978). For this reason at an UNESCO ad hoc

meeting of experts on science education at Nijmegen in 1977, it was advocated

that science curriculum polides for oider students should be made more

relevant and linked to society, and science courses should have three

components: concepts, processes and social aspects. The experts at this

meeting prepared a list of aims and objectives considered to be relevant to

teaching science in a societal contexte These aims stated that the student

should to be able:

1. To understand the nature and limitations of scientific knowledge;

2. Ta appreciate that the application of sdentific knowledge can lead ta

both beneficial effects (such as improvement of health standards) and
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detrimental effects (such as environmental pollution) ta society and the

environmen t;

3. Ta appreciate that the earth's resources are finite; and

4. To understand the need for, and ta develop the ability ta make

reasoned decisions based on relevant constraints;

5. Ta recognize his responsibility as an individual and a citizen

(Intergovemmental Conference on Environmental Education, 1978).

Integrated science and technolo&y in societal context (SIS)

The STS approach to the teaching of science has developed in all

industrialized regions of the world in response to sodal pressures ta prepare

citizens who are decision makers (Aikenhead, 1990; Boujaoude et al, 1995).

This approach places the content of science (the facts, principles, concepts and

skills) in a context in which real science operates on a day ta clay basis

Starting in the 19605 and continuing in the 19705, 1980s and into the

1990s, industrialized countries have given much attention ta improving the

materials and the methods of teaching science and technology. This has had

the effect of making the materials and the methods more relevant to the

social and economic needs of those countries (UNESCO, 1986a, 1988, 1990b,

1990c,l992). Much attention has been also given to designing and modifying

classroom practices 50 that pupils are not simply presented with a body of

sdentific knowledge and conclusions, but aIso leam to discover, experiment

and test facts and principles for themselves. In these industrialized countries
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it was recognized that the nature of science should he presented as adynamie

and problematic system of learning. They agreed that "... a dynamic

innavative industrial economy requires people who are able ta think for

themselves, and ta be imaginative and not merely apply and reproduce

existing scientific knowledge or technological solutions" (UNESCO, 1986c, p.

55). For aIl the reasons mentioned above, science and technology have been

reformed and improved over the past twenty years. The emphasis has been

placed on the structure and function of science (Anderson, 1987) to prepare

individuals to deal with everyday problems, not only to prepare scientists and

engineers (Ebenezer & Zoller, 1993); and sdentific inquiry has been

"...presented as inquiry into personal, environmental, and societal problems

to acquire information for decision making" (Trowbridge & Bybee, 1990, p.

426). It is widely suggested that science integrated with technology should he

linked ta real-life situations in arder ta improve its educational relevance ta

society, increase productivity and ameliorate the quality of life. Moreover, by

linking science education to real life situations, students will be provided

with knowledge and experiences that are relevant ta their needs. Science

integrated with technology also helps the student ta he actively engaged in the

leaming process and makes science more meaningful in terms of outcomes

and processes.

ln the last decade there has been public concern about international

problems affecting human health which are the results of malnutrition,

famine, and persona! hygiene (Chisman, 1990). It becomes important for a
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modem science courses to include sorne aspects of human food and nutrition

as these issues play an important role in most science curricula. These are

considered necessary topics to he implemented in every integrated science

project since they contribute to the personal development of youngsters, to

the social and political decisions in which people are engaged, and ta the

amelioration of the living conditions and the quality of life.

Improving the quality of life aiso depends on certain indispensable

prerequisites: directing science education to a11 students, enhancing their

understanding of natural and technical processes, and developing their

creative and productive potential. However, for actual amelioration of living

conditions, students will have ta complement their knowledge and problem­

solving capabilities with a productive social commitment by taking the future

into their own hands, participating in public decision-making, and raising the

quality standards of productivity (Lauterbach & Mehta, 1987). New York State

Department of Education requires that students pass a course in STS at grade

9, before they may graduate (A. Snow, personal communication, February 20,

1998).

Therefore, taking social issues into consideration in the teaching of

science and technology will contribute enonnously ta the quality of life in a

nation.

ln summary, the two studies of integrated science (UNESCO, 1979,

1990a) made a great contribution ta reforming science education polices

worldwide. They indicated that integrated science was a relatively new



•

•

27

phenomenon at the secondary leveI. The projects described in this section

also demonstrated a trend in integrated science toward the inclusion of

programs in environmental education, health and nutrition, science­

integrated technology and the interaction of science and society. These

programs were intended for learners at allieveis. Their goals were to increase

the students' motivation and attitude, provide them with knowledge and

skills and help them ta link school activities with the world outside of school.

It should be noted that the STS approach to science education has not been

universallyembraced. Although 5TS has been supported by many science

educators (Ramsey, 1993) the question of whether to indude STS materials

into science curriculum at high school levels is still under debate (Solomon &

Aikenhead, 1994).

Approaches ta Schaol Science Teachina

Hurd (1991a) stated that the new science courses of the future must he

developed "... wi th a full recognition of recent developmen ts in the cognitive

sciences, putting students more in control of their own leaming" (p. 258). In

this section two currently important approaches ta school science teaching

and leaming will be presented: constructivism and cooperative leaming,

both of which have emerged from the inquiry/process approach of the 1960s.

In addition, other approaches that are considered important by educators and

reformers in science education will also be reviewed briefly.
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Constructivism

A theoretical approach which has had much influence on science

education teaching and learning in the last decade is constructivism (Cheek,

1989; West & Pines 1985), in which leaming is characterized as individual

construction of knowledge (Cobb, 1994). The view that knowledge cannat be

transmitted directly from one knower to another, but is actively built up by

the learner, is shared by many researchers in science education (Driver,

Asoka, Leach, Mortimer & Scott, 1994; Weatley, 1991). It is also believed that

any account of teaching and learning science needs to consider the nature of

the knowledge to be taught (Weatley, 1991). It is believed that knowledge is

neither a commodity that can he communicated (von Glaserfeld, 1990) nor

"...something that people possess in their heads, but something people do

together." (Gergen, 1982, p. 270).

Constructivism views learning as the adaptations children make in

their functioning schemes to neutralize perturbations that arise through

interactions with the world (Steffe, 1990). Constructivism assumes that

effective leaming takes place when students construct their own meaning of

an event. This can occur through active participation, reflection, and practice

in transferring a scientific idea ta an everyday contexte It is believed that

through participation, reflection, and practice, students can incorporate new

ideas into their previous knowledge, or perhaps even replace their
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commonsense conceptions with more precise scientific conceptions

(Aikenhead, 1992).

The Constructivist Learning Model (CLM) has been supported by

cognitive science research. In this model, the emphasis is on the learner, and

learning becomes an active process influenced by the learner, the teacher, and

the schoal. From this perspective, learning outcomes do not depend on what

the teacher presents but rather are an interactive result of what information is

received and how the student processes it, based on perceived notions and

existing personal knowledge (Yager, 1991a).

Yager (1991a) stated that according to the CLM, science teachers can

move towards constructivist approaches using the following procedures: a)

seeking out and using student questions and ideas to guide lessons and whole

instructional units; b) accepting and encouraging student initiation of ideas; c)

promoting student leadership, collaboration, location of information, and

action as a result of the learning process; d) using student thinking, experience

and interest to drive lessons; e) using open-ended questions and encouraging

students to elaborate on their questions and their responses; t) encouraging

students to suggest causes for events and situations, and aIse predict

consequences; g) encouraging students to test their own ideas by answering

their questions; h) seeking out student ideas before presenting teacher ideas or

before studying ideas from textbooks or other resources; i) encouraging

students to challenge each other's concepts and ideas; j) using cooperative

leaming strategies that emphasize collaboration, and respect for individuality;
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k) encouraging adequate time for reflection and analysis; respecting and using

ideas generated by students; and 1) encouraging self-analysis, the collection of

real evidence to support ideas, and reformula tian of ideas in light of new

experience and evidence (Yager, 1991a, p. 55..56).

Researchers at the National Center for Improving Science Education

(NCISS) proposed a teaching model which uses the CLM (Yager, 1991a). ft

includes four aspects:

invi ta tian: observing, identifying situations, asking questions and

considering possible answers;

exploration: engaging in focused play, looking for information,

experimenting, observing , designing, collecting and organizing data,

evaluating choices, debating, identifying risks and consequences, and

analyzing data;

proposing explanations and solutions: communicating information

and ideas, constructing and explaining a model, reviewing and criticizing

solutions; and

taking action: making decisions, applying and transferring knowledge

and skills, sharing information and ideas, asking new questions, and

developing products.

Constructivism has become an important feature of science teaching

and has had an influence on cuniculum development. Therefore it should

be considered as a major influence when curriculum reform is planned for

any jurisdiction.
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Cooperative leaminl

Another teaching and learning strategy that effectively promotes

student learning in science is cooperative learning. Cooperative learning is

"...an instructional format in which students work together to achieve a

particular goal or complete a task" (Hassard, 1990, p. 36). According ta studies

and research in this area, cooperative learning creates fruitful learning

climates (South Carolina State Department of Education, 1990), enhances

social skills among students and promotes the accomplishment of most

cognitive and affective outcomes (Hassard, 1990; South Carolina State

Department of Education, 1990). Johnson and Johnson (Johnson and

Johnson, 1984, 1989; Johnson, Johnson &: Holubec, 1996) found that

cooperative learning environments are superior ta competitive or

individualistic environments for fostering social support, self-esteem and

positive attitudes toward school and dassmates. They also demonstrated that

students like science classes better when they engage in cooperative aetivities

and cooperative leaming (Johnson et al, 1996). Kyle (1984) reported that in

cooperative leaming, lessons employ concrete leaming materials and hands­

on activities and focus on problem solving. These strategies encourage

development of higher-level intellectual skills. Johnson, Johnson and

Holubec (1996) agreed and added that " students aetively build skills through

using the.m not by hearing about them they [students] can monitor, guide,

and encourage the practice of science skills" (p. 55). They continue that when
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students learn in cooperative groups in science courses they achieve better,

use higher-Ievel reasoning strategies more frequently, retain more in long­

term memory, and are better able to apply what they learn to real-world

situations compared to when they learn in a competitive or individual

manner.

Otber strategies

The literature aiso shows that teaching strategies emphasizing the use

of games, simulations and role playing in science education (Molyneux, 1987)

are claimed to raise students' interest and motivation. This is based on the

fact that these strategies invoive students' activities, group dynamics and a

change in the c1assroom environment and teacher raIe (Molyneux, 1987).

O'brien (1993) advocated using toys in science teaching across the K-12 school

curriculum. According to O'brien "using toys to teach fundamentai principles

of science can he especially effective since toys build on and extend the out of

school experiences of students. f1 (O'brien, 1993, p. 204). He continued: '~oys

help make otherwise abstract principles concrete and relevant to students'

lives and demonstrate science in the real world vs. science in the science

laboratory" (p. 204). The importance of integrating the uses of toys in teaching

science was aIso recognized by Bybee and Landes (1990). They believed that

toys can be used in any phase of the teaching process because they can he

interactive, inquiry demonstrations, or in student·centered, individual or

cooperative learning group. It is also recognized that leaming is more
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effective if teaching involves the active participation of students, for example

in the use of field trips, laboratory experiments, exposition, project work,

decision making, discussion, problem-solving, and personal investigation

(Stinner, 1995; Weatley, 1991).

It is probably true to say that in aIl curriculum development projects at

the secondary schoollevel of education which have been taking place in

many countries today, the "learning by doing" child-centered approach which

involves actively the student in the learning process, is the most

recommended and emphasized. We can also conclude that no simple type of

instructional materials, teaching style or approach is appropriate for aIl

teachers, students and objectives. Variety is important in motivating students

and teachers in the teaching and leaming process.

This chapter will now describe science curriculum reforrn in the three

countries chosen for the study. The influences described sa far in this chapter

will be apparent in the science curricula of the U.S.A., V.K., and Japan.

Science Curriculum PoIiçy Refonn in United States

Over the last few decades the United States has made a major

contribution to the literature on science curriculum reforme The U.S.A. leads

the world in a large number of sdentific fields and its not surprising that, as is

mentioned in the ''Task Force on Science Poliey Report" (Deeember,1984),

many scientists from other eountries seek to obtain part or aIl of their training

by studying in the U.S.A. The literature also shows that many countries
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including the U.K. and Japan continually made use of educational materials

developed in the U.S.A.

From the 1950s, as a result of the United States' cancern with possible

Soviet supremacy in space, a number of important changes took place in

science curriculum policies in that country. These changes in science

curricula for secondary school have continued to appear in aH areas of science,

even though the space race is no longer a focus of attention. The amount of

research published in the area of science education easily confirms that the

United States is the country which invests the most time, money, and effort

in developing new materials and approaches ta the teaching and leaming of

science. In the last decade a number of curriculum projects aimed at

improving science teaching in the U.S.A. have been proposed by agencies

such as the National Science Foundation (NSF), the National Science

Teachers' Association (NSTA), and the American Association for the

Advancement of Science (AAAS). These will now be outlined

chronologically.

The National Science Foundation is a federai agency founded in 1950

whose goal is "... to develop and encourage the pursuit of a national policy for

the promotion of basic research and education in sciences" (Gutesk, 1983, p.

299). The Foundation recognized the fact that American educational systems

were facing sorne difficulties in trying ta meet the needs of the nation in a

changing and increasingly technological society. It aIso reported that many
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students lacked the understanding and necessary skills to participate fully in

the technological world where they lived and wouId work.

Viewing these problems, the NSF stimulated a number of new

programs and it aise encouraged the examination and reorganization of

science curriculum and instruction. The NSF daimed that the definition of

science education needed to be expanded to include social issues related to

scientific development and aiso to incorporate relationships between science

and technology as T,vell as education about science and technology

(Brinckerhoff & Yager, 1987; National Science Board Commission on

Precollege Education in Mathematics, Science and Technology, 1982)

The NSF, in cooperation with the V.S. Department of Education,

prepared a series of reports on the conditions of science and engineering

education in the U.S.A. in which sorne goals for reforming science

curriculum policies were stated. These goals were further elaborated by Yager

(1990; see also Yager & Tweed, 1991). They were: a) ta continue to develop and

broaden the pool of students who are well-prepared and highly motivated for

advanced careers in science; b) to widen the range of high quality educational

offerings in science and technology at all grade levels 50 that more students

would he prepared for technically oriented careers and professions; c) to

increase the general science and technology literacy of aIl citizens for life,

work, and full participation in the society of the future (National Science

Board, Commission on Precollege Education in Mathematics, Science and

Technology, 1982; Yager, 1990; 1991b; Yager et al, 1991).
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"Project Synthesis" (National Science Board Commission on Precollege

Education in Mathematics, Science and Technology, 1982, 1983), which was

supported by the NSF also recognized the fact that the goals of science

curricula needed ta be reformed and a new rationale, focus, and statement of

purpose were needed. These new goals were to consider the fact that students

would saon he operating as adults in a society which would he even more

technologically-oriented (National Science Board Commission on Precollege

Education in Mathematics, Science and Technology, 1982, 1983). Advances in

technology in the past 15 years make this even more pertinent today.

The Science/Technology/Society (STS) group of Project Synthesis, with

NSF support, formulated 27 recommendations (Brinckerhoff, et al, 1987;

National Science Board, Commission on Precollege Education in

Mathematics, Science and Technology, 1982, 1983). The following are the

Project Synthesis recommendations c10sely relevant ta this study: a)

secondary school science courses should he more directed toward personal

and societal problems involving science and technology in arder for the

student to he better equipped with the basis for understanding and dealing

with science and technology; b) the development of curriculum materials

should focus on national problems such as energy, health, and natural

resources; c) new perspectives for teaching science are needed in response to

the world's problems; d) teachers should be encouraged to develop 5TS

materials to fit into their courses where appropriate; and e) State Education
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Departments should encourage the inclusion of such materials into science

courses at aIl levels.

The role of science as an enterprise is considered to be related to the

raIe of technology (Brinckerhoff et al, 1987) since bath of them operate within

the same framework of basic concepts and scientific principles. In addition,

science is viewed not only as a form of knowledge but also as having a social

role in advancing human well-being and national interests.

The Exeter Conference on Secondary School Science Education (1980),

involving 38 secondary school teachers and ten specialists in science from

across the United States recommended that societal and ethical consequences

of modern science and technology should become a part of the science

curriculum. It also demanded that materials that place the study of science

into a societal context be infused into existing programs and curricula. These

materials must give the student the opportunities to experience scientific

knowledge not only in the school science laboratory but also in the

community, which constitutes a major source of materials. Students must be

confronted with problems which, unlike those raised in the usual science

programs, do not lead inevitably ta a simplistic, uniquely correct answer. Real

societal issues give rise ta a variety of possible solutions each providing sorne

benefit but only at sorne cost, and students should be aware of this.

Congruent with the N5F and the "Project Synthesis", Bybee undertook

ta refonn science cuniculum polides in the United States. His work

presented in 115dence Education Polides for the 19805 and Beyond" and
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reported ta the U.S. Department of Science Education, proposed guidelines for

poliey reform based on projections for the 1990s and beyond (Bybee, 1980). The

new directions and the general policies for future science education relevant

to this study are:

1. Science and society goals will be the organizational core of

curriculume

2. Sdentifie knowledge in the context of science related social issues,

and scientific method will be presented as inquiry into personal,

environmental and social problems to provide information for decision

making.

3. Laboratory activities will provide opportunities to solve problems, to

leam inquiry processes and to develop decision making skills.

4. Interdisciplinary approaches will be used. Science, technology and

society interdependence will be stressed. Science will be presented as an ever·

changing body of knowledge having important influence on society.

5. Career information will he directed ta multiple sdentific and

technological occupations for ail persons (Bybee, 1980).

The trends in science curriculum poliey are directed toward an

interdisciplinary approach ta science, based on possible directions of social

change. They are aIso directed toward fulfillment of the student's basic needs,

the irnprovement of the physical and human environment, and the

development of a better community. Therefore science curriculum polides

should be developed in a way that contributes to the preparation of students
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for IHe as responsible individuals in a society where they are confronted with

world problems.

The National Science Teacher5 Association (NSTA), in their position

statement on Science Education for the 1980s (N5TA, 1982), reported on the

goal of science curriculum policies for the 19805 and beyond by stating that the

goal was to develop scientifically and technologically literate individuals. The

NSTA listed 13 attributes that help to describe a scientifically and

technologically literate person. The attributes most relevant to this study are:

a) use of science concepts, process skills, and values in making responsible

everyday dedsions and in helping the individual to continue to leam and

think logically; b) recognizing the usefulness of science and technology in

society and understanding their limitations; and c) understanding how society

influences science and technology as weIl as how science and technology

influence society.

In order for the population of the nation to be scientifically and

technologically literate, schools should provide adequate curriculum.

Therefore, according to the NSTA, science in secondary schocl should he

reformed to meet the needs of the nation. It recommended that secondary

science curriculum should be designed:

1. To meet the needs of students by providing them with daily

opportunities ta explore science through direct learning experiences in the

laboratary and field warka



•

•

40

2. To continue ta develop science process skills and content with an

emphasis on their application ta the students' personal life situations. These

skills should also help students identify science-based societal problems and

make decisions about their resolu tions.

3. Ta require secondary school students (grade 7-12) ta take a

minimum of one hour of science per day for at least four full years. The

courses should represent a balance of physical and IHe sciences. A minimum

of 15-20% and ideally 20-30% of science instruction should be directed toward

science-related social issues (Bybee, 1980).

4. Ta adopt an interdisciplinary approach ta sdence education

including environment studies, health and nutrition education. (Bybee, 1980;

N5TA, 1982).

The proceedings show that sorne initiatives were proposed for poHcy

reform in sdence education in the U.S.A. These initiatives dealt with the

importance of relating science to technology by preparing students for

technically oriented society and providing them with an adequate science

curriculum. Secondary sàence courses should be interdisciplinary and foeus

on national problems such as energy, environment and nutrition. These

science courses should be aimed at developing science process skills and

content with an emphasis on their application to the student's personallife

situation. Finally, societal and ethical consequences of modem sdence and

technology should become a part of the sdence curriculum
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An example of one curriculum development project based on the work

of the N5f, the N5TA and Bybee in reforming a new direction for science

curriculum policies, was developed by Hurd (1984). He proposed a new

biology curriculum that he called Itbiology for life and living". According to

Hurd such a curriculum should be oriented toward studying and learning in

the future since we cannat ignore the fact that IHe is lived forward and not

backward. He advocated that: ItIf biology teaching is focused on life and

living, then the subject matter must he chosen for its value in understanding

the present and the future." (Hurd, 1984 p. 8). He added that: ItThis does not

mean the lessons of the past are to be forgotten, but rather taught as they

influence the present and guide the future. 1t (Hurd, 1984, p. 8). Hurd

conduded by stressing the fact that " biology for life and living" should

include many scientific areas that consider human nature and the character of

human culture.

These areas offer information that should help ta develop healthy,

responsible human beings who can fulfill their obligations ta themselves, to

each other, and ta society. Students must be taught how ta solve

contemporary problems which manifest themselves every day in ecological,

health and energy situations. Therefore in order for them ta he better

prepared for the years ta come, science curriculum in general should stress an

interdisciplinary approach ta science and be designed ta help students ta

know how ta obtain information, influence actions, and cape with challenges.
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The work of the N5f, the N5TA, Bybee and Hurd leads us to conclude

that the trends in the objectives, aims and content of science curricula for the

1990s and beyond are probably toward science courses that meet the needs of

students who must cope with world problems now and in the future. They

consider that the basic issue of education policies for the future would he an

interdisciplinary appraach ta science education, represented by integrated

sciences with an emphasis on environmental problems, and science-and

technology-related issues within a societal context. Such policies would

provide students with a scientific education that would help them to cope

with changes and search for solutions ta their everyday problems.

In the latter part of the 1980s science curriculum projects were

developed with the support of the NSF and based on the position statements

of the 1960s and 19705. Sorne of these projects at the middle schoollevels are

listed here.

1. Project 2061, Science for AlI Americans; a project developed by the

American Association for the Advancement of Science (AAAS) is designed to

help reform science, mathematics, and technologyeducation. lts central goal

is to seek answers to questions related to scientific literacy. Six basic

dimensions of scientific literacy were identified: a) being familiar with the

natural world and recognizing bath its diversity and its unity; b)

understanding the key concepts and principles of science; c) being aware of the

important ways in which science and technology depend upon one another;

d) knowing that science and technology are human enterprises; e) having a
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capacity for scientific ways of thinking; 0 using scientific knowledge and ways

of thinking for individual and social purposes (AAAS, 1989b, 1993). The

project emphasis is on a new core curriculum that shows fewer tapies than

the traditional curriculum, 50 that aIl students can concentrate on learning

weIl a basic set of ideas and skills that willlead ta sdentific literacy and

promote further learning, which providing opportunities for students to go

beyond the core in response to their individual interests, talents, and plans for

the future. AIl students in project 2061 will have broad leaming experiences

such as hands-on activities, and reflective thinking. These leaming

experiences enable students to make sense of their experiences, and engage

them in using their knowledge to explain everyday phenomena, to solve

practical problems, and to inform deàsions about issues. For these leaming

experiences ta take place in a natural setting, students and teachers are

encauraged ta leave the school grounds ta participate in activities in the

communityor to leam science in the field rather than in the school (AAAS,

1993).

2. The N5TA Project on Scope, Seguence, and Coordination of

Secandar,y School Science (SS&:C). The SS&tC project is similar to "project

2061". It is intended to make science accessible ta aIl students. It suggests that

instead of giving separate science courses, American science education could

be improved by spreading the separate "sdence courses over the four years of a

student's secondary education, with content from each of the sciences being

taught each year in a manner appropriate to the student's level of cognitive
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development (Aldridge, 1989). The SS&C project "... advacates presenting key

science concepts appropriately sequenced, manageable in their scope, and

coordinated within and between the science disciplines" (NSTA, 1993, p. 2).

In addition, the SS&C project advocates that since student experiences precede

the mastery of terminology, the constructivist approach to learning would be

the most appropriate instructional strategy proposed by this project (NSTA,

1993).

Project 2061 and SS&C project were used by the National Research

Council (NRC) in the development of national standards for science

education goals, content, teaching and assessment. The work was founded by

the Department of Science Education and the NSF (NRC, 1996). The

"National Science Education Standards" are designed according ta the aims of

Project 2061, specifically to enable the nation ta achieve scientific literacy

which is of increasing importance in the workplace and is a necessity for

everyone living in the 21st century.

The development of the "National Science Education Standards" was

guided by four principles. 1. science is for all students; 2. leaming science is an

active process; 3. school science reflects intellectual and cultural traditions that

characterize the practice of contemporary science; and 4. improving sàence

education is part of systemic education reform (NRC, 1996).

The "National Science Education Standards" apply to all students who

can develop the knowledge and skills. 5tudents who can go beyond these
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standards are provided wi th advanced courses that enable them ta achieve

different degrees of depth and breadth of understanding.

3. The University of Alabama's Center for Communication and

Educational Technology (CCET). The University of Alabama developed a

curriculum reform project for middle school called "Integrated Science". It is

a three year program based on the work and recommendations of the AAAS

(Project 2061) and N5TA (SS&C). The program goals are to stimulate student

interest in science and produce more scientifically literate adults. It is

developed to serve ail types of students. The first course, introduced at the

grade 7 level during the 1991-1992 school year, was followed by courses for

grade 6 and 8. The Integrated Science program emphasizes the development

of problem solving skills and the mastery of key concepts. The NSTA's

recommendations on instructional strategies that emphasizes constructivism

have been adopted into teaching of this program (University of Alabama,

n.d).

The projects described above share sorne important characteristics: the

curriculum materials are designed to help children develop an understanding

of key concepts; they also emphasize hands-on activities along with the

development of problem solving skills; science concepts are related to social

and environmental concems; and sdence is taught as an integrated subject.

These projects illustrate that the trends in the 1990s in teaching

strategies in the U.S.A. are toward the use of materials and approaches that

reflect the idea that leamers construct their own knowledge, based on their
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observations and experiences. It is stated that if learners' self-constructed

knowledge differs from the concepts presented in formal science instruction,

curriculum materials and instructional approaches must he used that bring

about conceptual change. Learners must be involved in experiences that

challenge their current conceptions. Opportunity must be given to learners to

apply new concepts and evaluate their adequacy. Student perceptions should

be taken into account when planning curriculum and instruction. Hands-on

manipulative activities, and students working in cooperative learning groups

should be among the suggested teaching strategies (Weiss, 1994). Finally, in

the 1990s and beyond, instruction should involve interaction among teachers,

students, and materials, rather than the transmission of knowledge from

teachers ta students. Instructional materials should reflect advances in

technology (such as the uses of computers, videodisks, computer networks

such as the Internet, and so on) and shouid aise involve the use of

community resources (ERIC/SMEAC Science Education Digest, 1990).

The foregoing shows that current efforts to reform science education in

the U.S.A. began with the development of three important projects. Ali these

projects, with the goal to develop scientifically and technologically literate

individuals, have shared common recommendations. They stress the

interdisciplinaryapproach te science, based on sodal changes, and the

importance of directing secondary school science courses toward personal and

societal problems. They demand that existing curricula should include

materials that place the study of science in a societal context. School science
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curriculum should contribute ta the preparation of responsible individuals by

providing students with skills to help them identify science..based societal

problems and make decisions about their solutions. They advise that

students should be engaged in meaningful activities that enable them ta

construct knowledge and then apply it. They aIl believe that cooperative

learning is important for effective instruction, and student preconceptions

about a topic should be taken into consideration when planning science

curriculum and instruction.

Science Cuniculum rolicy Reform in U.K.

Secondary school science teaching and learning in U.K. has been

strongly influenced by a series of curriculum development projects carried

out by national organizations and associations such as the Nuffield

Foundation, The Schools Council, The Royal Society of Chemistry, and The

Association for Science Education. These projects are evident in the National

Curriculum (1988).

In the 19605 The Nuffield Foundation generated projects in biology and

physical science (Waring, 1982). These projects were developed to suit the

pattern of science education which existed at the time and to give new

emphasis to science in terms of both approach and content. The content of

the Nuffield projects stressed the scientific enquiry which was translated as

guided discovery. Materials that deal with biochemistry, molecular biology,

ethnology and ecology were included in these projects in addition to topics in
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genetics and evolution that were regarded previously as difficult and

unsuitable for students. The Nuffield Foundation Projects replaced existing

traditional science courses which had changed little since the late 19th century

(Waring, 1982). These projects demonstrated not only how necessary

instructional materials could be created and how teachers could he trained in

their use but it also stimulated many other projects in U.K. Concurrent with

the Nuffield Foundation projects, The Schools Council produced a

curriculum project in arder ta improve school science teaching and learning.

This project, "The Schools Council Project Technology", recommended and

supported:

1. The production of technological materials that aid the teacher in

developing technological work in schools (the Project prepared handbooks

describing the construction of suitable apparatus).

2. The development of suitable examinations that encourage

technological work.

3. The initiation of teacher training. In sorne areas, Science and

Technology Centers were established to train the teachers. (Pedagogica

Europea, 1973)

In 1981, The Education Division of The Royal Society of Chemistry

(RSe) made proposaIs for the teaching of science to aIl pupils up to the age of

16 (Science Education Newsletter 1.1981). It suggested that pupils shouid

follow a balanced science curriculum for the first three years of school as they
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were doing and then aIl pupils might continue with eight periods of science

per week in one of the following areas:

• eight periods integrated science; or

• four periods physical science plus four periods biological science

(with chemistry split between the two); or

• four periods core science (Physics and Chemistry and Biology) plus

four periods of optional modules leading to examinations in

single subjects (Science Education Newsletter 1, 1981, p. 2).

It is widely accepted in V.K. that science should have a place in the

education of aIl young people of compulsory school age whether or not they

go on to follow a career in science or technology (Lawton & Chitty, 1988). For

a practical improvement in science curriculum polides in U.K., a wide­

ranging Bill was passed in 1987 set out to improve the quality of general

education. The Secretary of the State for Education and Science established a

National Curriculum, including arrangements for assessment and testing,

and the approval of teacher qualifications. The general aims of the

curriculum were ta promote the development of pupils and society and ta

prepare pupils for entry into adult life. The National Curriculum

incorporated proposaIs from the Secondary Science Curriculum Review

(SSCR), the Department of Science Education (DSE), the Association for

Science Education CASE), and the Royal Society that a) education through

science is an important component of general education and should be

recognized as part of the core of the curriculum; and b) aIl students should be
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given the opportunity to benefit from a full and effective program of science

education throughout their period of compulsory schooling (Central Office of

Information, 1988).

A review of the work and the statements of these official educational

organizations illustrate their recommendations for a new direction in science

education. These recommendations will he detailed here.

At the secondary schoollevel all students must benefit from a broad

and balanced curriculum. This can he accomplished by providing the

students with the opportunity to explore the nature of the biological and

physical environment through observation, experiment, and systematic

inquiry. Students aiso should use their knowledge of science to design and

develop solutions to technological problems and ta test and evaluate these

solutions. They should discuss, reflect upon and evaluate their own personal

understanding of key scientific concepts, theories and generalizations (Central

Office of Information, 1988; DE5WO, 1985; Science Education Newsletter 56,

1984).

At the secondary schoollevel science content should he struetured in a

way that aIl pupils may benefit from an introductory course in science.

Science for all students up to the age of 16 should indude an appropriate level

of basic concepts of biology, chemistry, and physics (DESWO, 1985). Integrated

courses that caver basic science, astronomy, nutrition and health,

environmentaI problems, energy education, and topies in science and

technology should aIso be provided (DESWO, 1985; Science Education
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Newsletter 61, 1985). Courses need to be developed which foster the essential

scientific content, skills, and processes while at the same time providing

opportunities for related technological work (DESWO, 1985). Science

education should be presented and assessed in a way that allows pupils to see

its direct relevance ta their lives; it should draw on the environment and

experience of the pupils themselves (DESWO, 1985).

It was also recommended that a broad science curriculum for the

secondary schoollevel should require that a1l pupils study science throughout

the first three years, allocating 10% of the total curriculum time to science in

the first two years, and 15% in the third year (Science Education Newsletter 61,

1985; UNESCO, 1990c). The most common pattern would be a course in

combined science in the first two years, often followed by a separation into

physics, chemistry, and biology in the third year. These sdence courses often

include a simple introduction to astronomy, microbiology, and elements of

environmental and earth science (Science Education Newsletter 66, 1986). For

year four and five, the maximum time allotment of science would he about

20% (and ideally 30%) of the total curriculum time (8 or 9 periods in a 40

period week). Each pupil would be entitled to a program of study which,

however it was organized, would incorporate substantial elements from each

of the three main sciences (Science Education Newsletter 78,1988).

The National Curriculum, initiated in 1988 and implemented in the

19905, included science (with English and mathematics) as one of three core

schoolsubjects (Whitaker's Almanack, 1996), with the added
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recommendation that science should be taught as an integrated subject to the

end of grade 10 (Lawton & Chitty, 1988). The goals of the revised program in

the V.K. clasely parallel the AAA5' Project 2061 (Gardner, 1991). At A-level,

two courses are offered in most school subjects including science taken by

students seeking to go on to higher education (The Sunday Times, 1993).

According ta Gardner (1991)/ science commissions, study groups, and even

textbook publishers in the U.K. are working together to create a national

consensus on how science education should proceed. They are trying ta set

new educational goals in science.

The examination system in the U.K. has been subject ta reform during

the last two decades. The first reform took place in November 1982 when the

govemment proposed the introduction of a new single system of

examinatians for students sixteen years and aider. Work on the national

criteria of twenty subjects including science was undertaken by a Joint Council

representing all examination boards. This resulted in the reorganization of

the General Certificate of Education for 16 year olds (GeE D-Ievel) and the

Certificate for Secondary Education (CSE) for 16 year olds into the General

Certificate of Secondary Education (GCSE) ta be taken by most pupils at the

end of their fifth year in secondary school (16+) (BBC Radio for Schools and

Colleges. 1984). Syllabi designed on the basis of national subject criteria were

introduced in Autumn 1986 and the first exam took place in June 1988. These

criteria include not only knowledge of the subject, but also skills, processes,

and industrial and technological applications. Teacher assessment of praetical
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skills and also of coursework and projects contributes a significant part ta the

overall grade. ft is no longer possible for pupils ta finish their schooling

without having had their practical science skills assessed formally. There are

aIse demands on the pupils' abilities to understand rather than to memorize

facts (Central Office of Information, 1985; Fea ture, August, 1988).

The second reform of the examination system took place in 1988, with

the introduction of the National Curriculum. The introduction of the

National Curriculum allowed the implementation of Standard Assessment

Tasks (SATs) which means that at the secondary school level students aged 14

and 16 are assessed in science toward the end of the school year (Education

Information Section, 1995). A new School Examinations and Assessment

Council (SEAC) was set to review assessment and examinatians (Lawton et al,

1988; Pring, 1989). The first assessment in science at age 14 took place in the

Summer of 1993 (The Sunday Times, 1993) and the first assessment for GCSE,

A and AS levels based on the National Curriculum took place in the Summer

of 1994 (SCAA, 1995a; 1995b; Whitakers Almanack, 1996). Students' results in

these assessments were considered to be good and demonstrated that the

revised science curriculum was successful (SCAA, 1995a; 1995b; The Sunday

Times, 1993).

In addition to the established single subject examinations, there are an

increasing number of syllabi incorporating aspects of the three separate

sciences in a single examination. Many of these are termed "double award"

since pupils gain two GCSE grades in sàence at the end of the two year course
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(SCAA, 1995a; Science Education Newsletter 78, 1988). Parallel reforms in

examination policies have not taken place in the U.S. and Japan.

Refonn in teaching strategies also took place in the V.K. In "Science 11­

16: A Statement of Policy" (DESWO, 1985), it was recommended that science

instruction ta pupils up to age sixteen should be closely related ta everyday

and industrial applications of sàence. It should foster problem solving,

investigation, practical work, exposition, discussion, consolidation and

practice. Such teaching approaches seem, according ta the Secretary of State,

ta be essential for the teaching of science. Pupils should be given the

opportunity to test their own ideas, to engage in experimental work in which

a variety of practical work and investigative skills should be developed under

the supervision of the teacher. For better teaching the Policy Group of the

Association for Science Education CASE) has recommended that, for practicaI

work, aIl classes shouid be limited to a maximum of twenty pupils and that

resources for science teaching at the secondary levei he improved (ASE, 1981).

The foregoing shows that, as in the V.S., science education in the U.K.

has also been subject to a major reform in the past few decades. Science

content, the examination system as weIl as teaching strategies were subject to

reform and innovation. This is the result of the influence of a series of

curriculum development projects carried out by national arganizations and

associations and by a mandate from the central government. These projects

were aimed at providing an students an effective science program throughout

the period of compulsory schooling. They aise propose that at the secondary
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schoollevet aIl students should benefit from a broad and balanced science

curriculum in which aIl science courses include appropriate levels of basic

concepts in aIl science disciplines. In addition, they require that aIl science

courses should have a technological content and foster skills and processes.

Assessment in sdence, they suggest, should be designed to indude, in

addition to knowledge of the subject, the skiIls, processes, industrial and

technological applications. Finally, they called for teaching strategies that are

related to student's everyday experiences and foster problem solving.

Science Curriculum S,foon in lapan

The educational system in Japan underwent extensive reform after

World War II. The Constitution, established in 1946, defines (Article 26) the

basic right and duty of the people to receive education as follows:

AIl people shaH have the right to receive an equal education

correspondent to their ability as provided by law (Public

Information, Bureau, Ministry of Foreign Affairs, Japan: Facts

about Japan, 1976, p. 2).

The Fundamental Law of Education, established in 1947, sets forth in

more detail the aims and principles of education in general, and of science

education in particuJar. The central aim was defined as raising self-reliant

citizens in a peaceful and democratic state and community with respect for

human values (Public Information, Bureau, Ministry of Foreign Affairs,

Japan: Faets about Japan, 1976).
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In the 1960s, a revision of science curriculum policies began in Japan,

and science teaching was invigorated. In grades seven through nine, four

hours per week of science courses were required, which was not enough time

ta coyer aH the subjects adequately. This resulted in a neglect of laboratory

work. There was a general feeling that a revision of several parts of the

science curricula would be an asset. Therefore, the Ministry of Education in

the 19705 called for a revision of science curriculum policies based on Japan's

remarkable progress in natural science and technology and intended to help

Japanese youths cope with progress in the present and in the future (Ito,

Nakayama, Shibanuma, Beppu, Hayashi, & Oki, 1975). This involved adding

more material to the curriculum and making instruction more flexible in

arder to meet the individual differences of the students. One of the contexts

that was added to the curriculum at that time was "Basic Science" a collection

of topics in chemistry, physics, biology, and earth sdence. ft was believed that

through studying "Basic Science" the student would be provided with

complete ways of thinking and observing nature (lto, et al, 1975). In this

manner, Japan could "keep pace with rapid progress in science and

technology" (Cooper, 1983, p. 93).

In December 1976, Japan established a "Curriculum Council" to

improve science curriculum policies at aIl secondary schoollevels. Its aims

were: a) to make the school life of students freer and more enjoyable without

lowering the educational standards; b) to achieve well-selected and balanced

content for individual subject5 where basic science, physics, biology,
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chemistry, and earth science constitute required subjects for aIl students in

upper secendary scheol; and c) ta establish a coherent consistency and

relevance in aIl curricula (Direction générale de l'information, Ministère des

affaires étrangères, Japon, 1979).

The Curriculum Council also recommended that at allieveis of

teaching, science education and technology occupy an important part in the

program (Ministère des affaires étrangères, 1983). Accordingly, an overall

revision of the Course of Study took place in the lower secondary school in

July 1978, and in upper secondary school in August 1978. The revisions were

put into effect in 1981 and 1982 for the lower and upper secondary levels

respectively.

In the revised lower secondary school science curricula, the following

three points were particularly emphasized: a) the stress on the formation of

basic scientific concepts and learning by inquiry should continue with special

attention to teaching in accordance with the mental and physical

development of the child; b) there should be a careful selection of the content

of subject matter in order to emphasize what is basic and fundamental; and c)

science teaching should include leaming about the relationship between

nature and man. In other words, basic knowledge about natural resources,

energy problems and protecting the environment must be taught in the

appropriate way (UNESCO, 1984).

In the revised upper secondary schoal science curricula, two new

integrated science courses replaced "Basic Science". These were: a) Science 1
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whieh is a required subjeet for aIl students at grade ten level. Its topies were

carefully selected from physics, biology, chemistry, and earth science. The

concept of energy is aIso taught (Matter and Energy); and b) Science II,

intended for students who want to learn additional science after they have

completed Science 1, and stressing science process skills. In Science II, students

study the methods of science and select appropriate topics independently

(Direction générale de l'information, Ministère des affaires étrangères, Japon,

1979; UNESCO, 1984).

Recently, another revision of the national course of study for lower and

upper secondary schools in Japan has taken place (Umeno, 1992). The new

revision should have been put into practice in 1993 for lower secondary

schools and in 1994 for upper secondary schools (Ministry of Education,

Science and Culture, 1989a; 1989b). However, there is no indication in the

literature whether the new revisions have been taking place. The revised

course of study makes it possible for student at the lower secondary level to

select sorne subjects according to their abilities and preferences. At the upper

secondary level, students have a variety of optional courses to choose from.

These courses emphasize relationships between science and human life as

well as the applications of science. At each schoollevel, the content of science

was carefully selected in light of changes taking place in society (Umeno,

1990). Observation and experimentation are more emphasized in the new

revision than before. This revision was in part a response to the findings of

the Second International Science Study (SISS) conducted by the International
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Association for the Evaluation of Educational Achievement (IEA). The 5155

found that Japanese students achieved poor grades in the practical tests in

contrast to their results in written tests, in which they achieved top grades

(Umeno, 1992). The explanation for the poor results in practical tests is

associated with the belief that still not enough time is spent on observation

and experimentation in studying science

In Japan in the early 1980s the trends in teaching science were toward

the use cf experiments, labaratory activities, and project work It was also

suggested that in the teaching of content, the local environment and the

schoolyard should be used in arder to cultivate an ability to inquire inta

nature and to formulate fundamental concepts (Ministry of Education Science

and Culture, 1983a). It is strongly believed that effective teaching in Japan at

the secondary school level depends largely on the use of instructional

materials that are found in the community that constitutes the school

environment (Nogami & Jacobson, 1987).

As in the U.S.A. and the U.K., the educational system in Japan

underwent reform. Changes took place in aIl the aspects of the science

curriculum. Aims, objectives, science courses, content, and teaching methods

were subject to revisions. The reform was aimed at achieving well-balanced

content for science courses, in which technology should occupy an important

place at aU school levels. Energy was recommended as a concept ta be taught

in all compulsory school science. The reform aIso stressed leaming by inquiry

and the use of the local environment.
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Summary

We can conclude that, in the three industrial countries under

consideration, science curriculum polides have been subject to reform over

the past 20 years. This is the same time span that Lebanon has been at war

and recovering from the effects of the war. The three industrial countries

have attempted to review their science curricula to make them more relevant

to the needs of individuals and society, not just by integrating the basic

sciences into a unifying whole, but by integrating them with wider issues in

order to show the relevance of science teaching ta aIl that goes on outside the

c1assroom.

In aIl three countries it is generally believed that science education will

make citizens more useful and productive. To accomplish this, science

curriculum should not be removed from the problems of everyday Hfe, and

should build up knowledge for later studies in science disciplines. ft should

be practical and introduce the child to real world living. This irnplies that

technology-related issues, should be a component of the curriculum. The

three countries agree that science cannot he divorced from technology; the

two should he linked, together with society. Therefore, science teaching

cannot be separated from technology and technology cannot be separated frorn

prindples embodying the knowledge of science. In this manner as stated by

Vohra (1987) "...in the process of education, whereas science will aim at

providing information and experiences to deal with 'what is' or 'to know',
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technology will help in providing information and experience ta deal with

'knowledge' or 'ta do' (Vohra, 1987, p. 417). Today, it is believed that learning

is more effective if it is activity-based, if it takes place in the context of doing,

with constant interaction between knowledge and its application in everyday

life and experience.

A number of curriculum projects aimed at improving science teaching

have been developed in U.S.A., V.K., and Japan. These projects

recommended that science education polides should he directed toward an

interdisciplinary approach ta science represented by integrated science courses

which have an emphasis on environmental problems. Such policies should

be developed in a way that contributes ta the preparation of students for life,

and provide them with scientific education that would help them to cope

with changes and search for solutions to their everyday problems. Theyalso

agreed that appropriate levels of basic concepts of biology, chemistry, physics

and earth sciences, should have a place in the education of aIl students.

The U.S.A. and V.K. recommended that secondary school science

courses should continue ta be directed toward persona! and sodeta! problems,

involving science- and technology-related issues in a societal context.

In the U.S.A., the goal of science curriculum policies for the years to

come is to develop scientifically and technologically literate individuals. To

accomplish this, it was recommended that secondary school students be

required to take a minimum of one hour of science per day for four years with

approximately 20-30% of science instruction devoted to science-related sodai
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issues. The V.K. demanded that aIl students at the secondary schoollevel he

able to benefit from a broad and balanced curriculum. In Japan, the

relationship between man and nature is given great importance in science

curriculum which includes tapies dealing with natural resources and energy

problems at aIl scheol levels. Dealing with teaching strategies, the countries

studied agree that science learning cannat be effective without good teaching

materials and approaches that reflect the fact the leamers construct their own

knowledge based on their observation and experiences. They also stressed the

use of problem solving, practical work, investigation, decision making,

games, simulations and project work, in a ward, everything that involves the

student in an active way and demands the direct participation of the student

in the learning process. In this manner science becomes enjoyable and

relevant to the needs of the student and becomes a part of the students' world.

The results of these policies and curriculum dedsions have been

demonstrated by the success of students in international studies (e.g. TIMSS)

(Science Education Newsletter 134, 1997).

Finally, the philosophy of each of the three countries may he

summarized by the National Academy of Science that "As we approach the

twenty..first century, science must he accepted as a basic subject that must be

taught in an understandable fashion to aIl students." (National Academyof

Sciences, 1990, p. 5).
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• Chapter 3 The General, Historical, Cultural, Political and Economie

Context of Lebanon and Its Educational System

Lebanese interest in the sciences can he traced back to the tradition of

the Phoenicians who were the first to introduce the alphabet and make use of

Ietters. They were aise known as very talented people in scientific inquiry

and discovery. For example: Phoenicians were the first to sail in the sea by

using the trunk of Lebanese cedar trees as masts. In the 20th century, living

conditions in the country have led to the exodus of its scientific community

which has been re-established in Europe and the U.S.A. In the 20th century,

there is no evidence of a science tradition in Lebanon. As the 20th century

society becomes more science..based, and as the economic development and

the growth of a country increasingly relies on well-educated citizens there is a

need for a scientifically literate population as weil as people trained as

sdentists. Therefore, there is a need for change in policy and an updating of

the school science curriculum in Lebanon.

For a better insight into science curriculum policies in Lebanon, it is

important to become familiar with the three major societal contexts that

influence Lebanese society today. These are socio-cultural, economic, and

educational and will he discussed in the section that follows.

•
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Socio-Cultural Context

Lebanon is a unitary republic which achieved independence on

November 22, 1943. It occupies a mountainous land along the Eastern

Mediterranean shore. Lebanon's location allowed access to the external world

and hence its traditional role of intermediary between West and East. It has

an area of 10 452 krn2. Most of the population lived in cHies, mainly in Beirut

and its suburbs (50% of the population in 1973) but this situation changed

during t~le war period (1975 .. 1992) when a large internaI migration to rural

areas began and continues. The size of this migration is difficult to estimate.

Lebanon has been known as a country in which students are strongly

oriented toward science. The Faculty of Science at the Lebanese University

(L.U.) for example, registered an enrollment of 8256 students for the 1992-1993

school period. This is especially significant in light of the relatively small

population of sorne 3 million people (CERD, 1993). According to sorne

experts in the field of education and sàence (El..Amine, 1994), the Facultyof

Science at the L.U. is still a highly regarded center which attracts many

students.

EcoDomic Conlext

According ta a study carried out by UNESCO (1983b) Lebanon was

found to have a Gross Domestic Product (GOP) per capita in 1979 of $1113

(US)1 and to be just below the Une which separated Jess developed from
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industrial countries. However the economic situation has deteriorated in

recent years because of the political situation.

In general, natural resources in Lebanon are very limited because the

country has little arable land, few mineraIs and no known oil deposits.

However, it does have two important assets, its human resources and its

scenic beauty. Throughout the centuries the Lebanese people have been

known for their skills, energy, enterprise, and adaptability to new ideas and

techniques (Encarta, 1997). Thus, despite the relative poverty in natural

resources, in 1982 Lebanon enjoyed the highest standard of living in the non­

oil Arab countries (UNESCO, 1983b).

In the past, Lebanon relied on agriculture and services for its Gross

National Product (GNP). Industry only started to prosper in the 19605. Today,

excluding the war, services constitute the most important element of the

Lebanese economy. Services include commerce, entertainment, storage and

transit traffic, and international finandal transactions (Corm, 1986; Zouain,

1994). In the Lebanese economy, the tertiary sector has been predominant,

due to the prosperity of trade, banking, tourism and transit. In 1970, the sector

contributed 69% of the GNP and employed 56% of the labor force while the

agricultural and industrial sectors contributed respectively 19% and 25% of

the labor force. The destruction of many industrial suburbs since 1975 has

progressively increased the share of services ta about 80% of the GNP

(Encarta, 1997; Zouain, 1994).
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Since independence, the trade balance has always been negative. The

value of exports has varied between 20% and 40 % of the value of imports.

However, the balance of payments has shawn surpluses of between 5% and

40% of the value of imports. This is due ta the influx of capital to Lebanese

banks, tourism, triangular trade transactions operated by Lebanese business

institutions and ta the eamings of Lebanese immigrants in oil-rich Arab

countries. The increase of emigration (of mainly technical and professional

people) since 1975 has increased the flow of capital into the country and has

thus compensated for the drop of industrial exports. As the country gets

richer, it becomes more stable, and this situation has been instrumental in

not only providing more resources for education, but also in encouraging

interest in science education.

Edu(atiooal Context

The present system of education in Lebanon was built up under

European and American influences. Schools of the Western type were

established during the Mutasarrifiah period of autonomy (1861-1914) through

the efforts of missionaries. For example, in 1866, an American Presbyterian

mission founded the American University of Beirut (AUB). The French

system of education was implernented during the French Mandate (1921­

1943). During this period, instruction was limited ta a political and

intellectual élite. 5înce independence (1943), the number of schools and
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universities has been steadily increasing. Under the influence of the French

and American systems of education, a Lebanese system has slowly emerged.

The main feature of this system is the importance given to the study of

languages. At every level of schooling, students learn two languages: Arabie

(the official language) and either French (approximately 75% of aIl school

students) or English (25%). Students frequently leam one of these as a third

language, starting at the age of 11. The majority of Lebanese are bilingual and

many are trilingual (Aboumurad, 1985; Bashour, 1979; Lebanese Ministry of

Planning, 1972; Zouain, 1994).

In Lebanon, there are both private and state (or officiaI> schools and

universities. Private institutions are supported financially by student fees

and attract students from the high and middle incorne strata of the

population. State (non-denominational) institutions are operated and

supported financially by the govemment and their students come from low

and middle income groups.

Statistical data on student enrollment have not been regularly

published. A statistical study published by the Center for Educational

Research and Development (CERD, 1993) shows that around 58.75% of school

age children from kindergarten ta high schoollevel attend private schools,

whereas the percentage is only 41.25% for the public schools. Parents prefer to

send their children ta private institutions where the quality of education is

believed ta be better.
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• Higher education is given particular attention in Lebanon. In Beirut

and its suburbs, there are fifteen universities and institutes of higher

education with different religious and/or national affiliations. Their

presence makes Beirut an important regional center for higher studies and

attracts students from the whole Middle East, Africa and Asia. Before 1975,

about half of these students came from outside Lebanon. In these institutions

instruction is offered in Arabic, French or English, depending on the

university and on the subject, with all scientific subjects offered in English or

French. After 1975, the Lebanese University (L.V.) opened new branches in

the three main regional cities ta help students solve traveling difficulties due

to prevalent security conditions. This policy was also adopted by Université

Saint Joseph (V.S.J.), a private institution located in Beirut (Zouain, 1994).

Administration of education

In Lebanon, responsibility for education is vested in the central

govemment represented by a highly centralized ministry of education which

formulates educational palicy for the entire country. The ministry finances

public education at allievels, administers all public schools below the

university level; advises on educational planning, curriculum and school

equipment; collects statistical data on education; trains, promotes and recruits

teachers; plans and coordinates the implementation of curricula in ail public

schools; selects the books te be used; and administers public examinatiens. In

• short, virtually every aspect of education in the country is planned and
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• administered by the central ministry (Ministry of National Education and

Fine Arts, 1971).

Unlike the official system, the private school system is decentralized.

Until 1949-1950, with the exception of one model school, private secondary

education in Lebanon was completely a function of the private national, and

foreign schools. This is stilliargely true today. The Lebanese Ministry of

Education imposed, as it still does, a measure of uniforrnity over the

curriculum and standards of the various private schools through a system of

examinations for the Brevet (the fourth year of the lower secondary level)

and the Baccalaureate (the second and third years of the upper secondary

level), the only qualification recognized by the government (Bashour, 1979;

Ministry of National Education and Fine Arts, 1971). This has forced private

schools to observe the guidelines of the official curriculum and their students

to sît for the national examination.

Science curriculum "vision and [etom from independence tD the present.

•

5ince 1932, with the Ministry of Education working through special

committees, the science curriculum and syllabus has been revised several

times. In 1932, the French school curriculum was adopted by Lebanese

schools. In 1968, the Lebanese Ministry of Education announced new

programs in science education. AIl these programs claimed modernization

(UNESCO, 1968). The last version was another variation of the French

pragram: a collection of titles defined in very vague fann (Bashour 1979;
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Badra et al, 1980). Legislation passed in 1971 by the Lebanese parliament

created the Center far Educatianal Research and Development (CERD) which

started aperating in 1972 with the aim of improving science education and

developing curriculum appropriate to allleveIs and kinds of education. In

addition, it translates such curriculum into textbooks and other teaching

materials, and finally, supervises and fol1ows up the execution of a global

educational plan once it has been approved by appropriate authorities (CERD,

1978).

Changes in the curriculum are approved by the government, at the

proposaI of the Ministry of Education which seeks advice from CERD. Once

the change is officially approved, it becomes compulsory nationwide, without

prior experimentation. Usually no serious effort is made to ensure relevance.

In the state schools, the implementation of the curriculum is ensured

by centrally issued directives and by an educational inspectorate. Private

schools implement official curricula with sorne liberty in the details.

Curriculum polides at the secondary schoollevel have not been subject to

any major changes since 1968 owing to the upheaval caused by the war.

Summary

Education in Lebanon is highly centralized, every aspect of it is planned

and administered by the central ministry. There are both private and state

schools. Over half of the students attend private institutions which are

required ta follow the guidelines of the official curriculum.
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• One important aspect of the system of education in Lebanon is the

importance given to the study of languages. Students at aIl school levels are

required to leam at least one language in addition to Arabie. Science courses

are among the subjects that are taught in a foreign language. This could he

considered a strong aspect of the educational system in Lebanon since a

considerable number of Lebanese students continue their further education

in foreign eountries (mostly English- and French-speaking countries). Those

who continue their studies in Lebanon, especially in scientific disciplines

must choose between French and English as the formaI language of

instruction in most universities.

Science curriculum in Lebanon has been subject ta several reforms

since 1932. The latest one, recommended in 1978, failed to take place because

of the war situation. As stated in l'Actualité a number of projects have been

planned and implemented in order ta rebuild Lebanon and retum Beirut to

its primary role as the center of finance, business and culture in the Middle

East (German, 1996, June 1). The wealth and stability of the country today

make it an appropriate time for a curriculum reform in science.

In the next chapter the actual policy for science curriculum in the

countries selected for this study will be presented in arder ta compare them

with the policy of Lebanon

•
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Chapter 4 Secondary Science Curriculum Policies in the Selected

Developed Countries for General and Advanced Students

The purpose of this chapter is to describe, analyze, and compare

curriculum policies in the U.S.A., the U.K. and Japan planned for general and

advanced students in science. The first part of this chapter describes curricula

for general students: those who will continue their education in arts, who

will go to technical schools or who do not continue their education beyond

secondary level. The second part of this chapter deals with curricula planned

for advanced students: those who will pursue a career in science. The

analysis is a qualitative comparison, based mainly on government

documents, a literature survey, study and research in the field, and UNESCO

work. The Second International Science Study (5155) canied out under the

auspices of the International Association for the Evaluation of Educational

Achievement (IEA, 1988), and the International Assessment of Educational

Progress (IAEP) studies (1989; 1992) in which the U.S.A., V.K., and Japan have

participated, provides basic information used in this analysis. Curriculum

policies published in the curriculum guidelines, and in sorne cases in the

national curriculum in each country, will be categorized and analyzed in this

chapter.

In every country, science curriculum policies which affect the teaching

and learning of science are represented as an interplay of three major

elements of central interest ta this study. One of the elements is concemed
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• with the pattern of science programs (science subjects offered in schools, the

amount of time spent on each science subject, and the content of the school

sdence subjects). The second is concerned with the aims and objectives of

science curricula. The third element deals with the organization of school

science (the organization of the educational system, the number of school

days per school year, science requirements for graduation from high school,

teaching strategies, and modes of examinations). These elements are the

subjects of polides established by the country's ministry or department of

education. Curriculum guidelines contain statements of these policies and

represent an important part of the data used to describe science education in

the countries selected for comparison in this study.

Structure of the Educatiooal System

The system of education in each country is characterized by specifie

features that make it unique and which affect the science education policy in

each country. For example in the U.S.A., education is essentially

decentralized and educational polices are made by each of the 50 states and

sometimes by communities within these states. In Japan and the V.K., the

system of education is highly centralized in that there is a single uniform

curriculum for each subject at each grade level. The introduction of the

National Curriculum in the U.K. in 1988 set the curriculum standards for the

•
whole country (DESWO, 1988; The National Curriculum Council, 1989a).

This was a major change in the system, in which teachers had previously
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• enjoyed a high level of autonomy. The curriculum standards for elementary

and lower secondary schools in Japan are stated in the course of study issued

by the Ministry of Education, Science and Culture in Japan (Jacobson, Doran,

Humrich, Kojima, Miyake, & Takemura, 1986; Ministry of Education, Science

and Culture, 1982). The course of study in these countries provides the basic

framework for curricular aims, content, and teaching methods. Two

important features of the educational system are worth comparing. These

are: the organization of the schoel system and the erganization of the school

timetable.

The OIKanization of the S,boot System

In the U.S.A. about 90% of school-aged children attend public school

which is free, while the remainder attend non-public institutions run by

religious organizations or private assodations (Miller 1986). In the V.K. most

children (94%) attend state schools which are free, but sorne 6% attend private

schools (Central Office of Information, 1987). 97% of elementary and lower

secondary schools in Japan are public and free (Kazuo, 1990; NIER, 1987).

The minimum requirements for school attendance vary in the three

countries. The most cammon age for starting school is six years in the U.S.A.

and Japan, and five years in U.K. In the U.S.A., education is compulsory to

age sixteen (and in sorne states ta age 18), that is, ten years of compulsory

education (Beauchamp, 1992). Secondary education in the U.K. is compuJsory

• up to the age of sixteen, that is, eleven years of school, and pupils can stay in
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• school voluntarily for up to three years longer (DESWO, 1985; Whitaker's

Almanack,1996). In the academic year 1983-84, about half the population of

16-18 year olds were in school, (DESWO, 1985) and this has increased to

around 65% (SCAA, 1995a, 1995b; The Sunday Times, 1993; Whitaker's

Almanack,1996). In Japan, nine years of elementary and lower secondary

schools are compulsory (Kazuo, 1990; NIER, 1987). According ta Beauchamp

(1992), almost 94% of lower secondary graduates go on to the upper secondary

schools full-time (three years), while another 2% attend part-time or take

correspondence courses (four years). This is summarized in Table 1 below.

Table 1

School Educational Ladder

Number of years

spent at each level

U.S.A. U.K. Japan

Note. In this table, kindergarten is excluded because it is considered by most

countries as a part of pre-school education.•

Compulsory

Age

Years

Primary

Age

Years

Lower secondary

Age

Years

Upper secondary

Age

Years

Total Years

6-16 5-16 6-15

10 Il 9

6-11 5-11 6-11

1-6 1-6 1-6

12-14 12-16 12-14

7-9 7-11 7-9

15-17 17-18/19 15-17

10-12 12-13 10-12

12 13 12
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• The patterns of the school structure vary in the three countries, the

most notable variations are the division of the grades into different schools,

and the time spent in school. As shown in Table l, page 75, in the U.S.A. and

Japan, the pattern of the educationaliadder is 6+3+3, that is 6 years in primary

school years, 3 years in lower secondary and 3 years in upper secondary. Other

structures are aise found in the U.S.A. In the V.K. the pattern is 6+5+2.

Secondary education, in the U.K. is divided into two cycles: the first five years,

which are known :lS Forms 1 through V, and the second cycle, consisting of

two years which are termed Lower Form VI and Upper Form VI. The most

obvious characteristic of Form VI in the U.K. is specialization. Most students

concentrate on two Of three subjects, occasionally fOUf, for C.e.E. Advanced­

level (A level) examinations (Central Office of Information, 1987, 1988;

Education Information Section, 1995). In sorne parts of the country, the

Lower and Upper VI forms are contained in a separate structure called a Sixth

Form College. In lapan in 1980 the proportion of upper secondary and

university graduates was the highest in the world with only a 5% dropout

rate in upper secondary schools and 10% in colleges and universities

(Sumeragi, 1980). In 1990, although the number of students dropping out of

school increased, it is still considered low (10%) and 90% of students are

graduated from upper secondary school (Kazuo, 1990). Today, the number of

Japanese youth attending sorne form of higher education is second only to the

United States (Beauchamp, 1992).

•
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• In aIl three countries studied, education is compulsory to age 15 or 16.

Most children attend public schocl and most continue their education beyond

the compulsory age. The public school system in each country is responsible

for delivering a curriculum for pupils to the age of about 18 years.

The Oraanization of the School Timetable

The organization of the school aiso varies in the countries selected for

this study. However, in this section, the figures are somewhat misleading.

The researcher found substantial confusion about the number of school

hours per week and per clay and aiso the number of school days per week.

The literature concerning these issues reveals sorne contradictions among the

reports. In arder to resolve these contradictions, the researcher decided that it

was more legitimate to use only data based on govemment documents.

In the United States the average school year is IBO days (5 days per

week) (Beauchamp, 1992) and the average length of the school day is 6-7

periods. A typical classroom period lasts about 50 minutes (McKnight,

Crosswhite, Kifer, Swafford, Travers, & Cooney, 1987; National Science Board,

Commission on Precollege Education in Mathematics, Science and

Technology,1983).

In the U.K., the length of the school year is about 200 days (DESWO,

1984). According to a 1987 study, the majority of the schools in the U.K. open

for 38 to 40 weeks per year and the average length of the school week is about

• 27 hours. The school day is normally divided into 8 periods (Keys, 1987). The
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• most common length of a classroom period in British Form 1-V secondary

schools is 40 minutes. Very few schools have fewer than 32 periods a week,

and many have more than 40. Form VI usually has fewer dassroom periods

per week than in Forms I-V, since more outside study, library time and

writing is required (DESWO, 1984).

In Japan the length of the school year is 240 days and students attend

schools 6 days per week. A minimum of 210 days of instruction including a

half day on Saturday is required (Beauchamp, 1992). This allows 30 "extra"

days for field trips, examinations, professional days, and other activities. The

average length of the school day is 8 periods, with each one lasting 50 minutes

(N5F, 1983; Jacobson, et al, 1986).

Table 2

School Organization (Secondary Level)

U.S.A. V.K. Japan
(days) (days) (days)

No: of school 180 200 240
days per year
No: of school 5 5 5 1/2
days per week

No: of school -30-35 40 -34-

periods per week

No: of school 6-7 8 8

periods per day (4 on Saturday)

Length of a 50 40 50

period (min)

No: of minutes 54 000-63 000 64000 -67000

• yeryear
Note. - =approximately
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Table 2, page 78, summarizes the information on the organization of

the school at the secondary level in the countries studied.

In the three countries studied, attendance in school varies from 180

days in the U.S.A. to over 210 days in Japan. The number and average length

of the schoal periods also varies among the three countries ranging from 30

ta 40 periods per \veek.

CQmparisoD of the Aims and Objectives in the Selected Deyeloped COUDtries

The examinatian of the many statements of aims and objectives for

science education in the science guidelines of the countries in this study led

the researcher ta distinguish two obvious features; first, these statements are

diverse; second, many statements while superficially different in form appear

ta represent similar ideas. This diversity in statements called for a system of

classification that would permit identifying general conclusions. For this

purpose, six categories of aims and objectives that were derived from the

literature, and have been used by many researchers in the field, were

identified for this study. These categories of aims and objectives are also a

part of the three major domains of Bloom's taxonomy (Bloom, Krathwohl, &

Masia,1984). The categories will be outlined below and an example given of

each type of objective from the countries described in this study.
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The Cognitive Domain

Three categories of aims and objectives are considered in the cognitive

domain. These are: Science Content; Breadth and Balance; and Intellectual

Process. These aims and objectives deal with the acquisition of functional

information or facts which are organized around a variety of theories,

conceptual schema, categorical frameworks and other interpretative

principles (Bloom et al, 1984; Armstrong, Cornell, Kramer, & Roberson, 1970;

Zais, 1976). They also stress the value of a command of the products of

scientific endeavor rather than the process of its development and application

(Science Council of Canada, 1984). In these categories aise faH the aims and

objectives that involve developing the skills of scientists such as the ability to

observe, classify, formulate, evaluate, interpret and explain results, and to

apply the use of science content and processes in decision (zais, 1976).

Examples in these categories of objectives from the countries studied are:

Science Content: The student should he provided with science courses

that are linked with other subjects across the curriculum (DESWO, 1985, 1988;

Nec, 1989b).

The student should learn the fundamentaI concepts of science

(CaHfornia State Board of Education, 1985; NRC, 1996).

Breadth and Balance: The student should be provided with the

essential experience of broad and .balanced science curricula (OESWO, 1985,

1988; NCC, 1989a, 1989b).
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• Intellectual Process: The student should be provided with learning

techniques that comprise the scientific method, to aid in validating

knowledge and to develop thinking skills for life long learning (California

State Board of Education, 1985; NRC, 1996).

The Affective Domain

The Nature of Science and The Application of Science are the two

categories of aims and objectives that are induded in the affective domain.

They includes aims which describe changes in interest, attitudes and values,

and the development of appreciation and adequate adjustment (Krathwohl,

Bloom, Masia, 1964). Aims in this domain also stress the development of the

individual, self.-respect, respect for others, for life, respect for the

environment, beliefs, responsibility, autonomy, intellectual thinking, and

self-discipline (Zais, 1976). These aims foeus on the interaction between

science and society, and a150 stress the development of creativity, autonomy,

cooperation, teamwork, and a sense of responsibility. Examples of objectives

that faIl in this category are:

Nature of Science: To develop students' ability in and positive attitude

toward making inquiries about nature through observations and experiments

(Ministry of Education, Science and Culture, 1983b).

Application of Science: Should be aimed at preparing pupils as

effeetivelyas possible for adult and working life (DESWO, 1985; NCC, 1989c).

•
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The Psychomoto[ Domain.

One category of aims and objectives is induded in this domain: the

Manipulative SkiUs category. The psychomotor domain concerns itself with

the development of physiological, manipulative or motor skills (Bloom et al,

1984; Lorber, 1996). In this category faU the aims and objectives that involve

reflex, basic..fundamental and skilled movements; perceptual and physical

abilities; and non..discursive communication (Harrow, 1972). An example in

this category is:

Manipulative 5kills. Full weight must be given to the development of

scientific skills and processes as weIl as to knowledge and understanding

(DESWO, 1985, 1988; NCC, 1989b).

It should be noted that the six categories of aims and objectives are

inseparable; they complement one another. The learning of facts involves a

variety of skills; the leaming of any skill takes place within the context of a

complex of attitudinal dispositions (Zais, 1976).

The six categories of aims and objectives were used to compare the

stated aims and objectives for school science curricula provided by the policies

in the countries seleeted for this study.

An examination of the list of aims and objectives shows that:

1. The aims and objectives mainly revolve around the provision of

scientific information, and the development of scientific skills, attitudes,

appreciation and interest.
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2. Many of the aims listed are common to most of the countries in the

study, several share identical statements; sorne staternents on aims and

objectives are phrased differently but aIl incorporate much of what the other

groups include.

3. The V.K. gives a list of aims and objectives for each of the primary

and lower secondary levels, but does not provide aims and objectives for the

upper secondary level (A-leveD.

4. Japan lists aims and objectives not only for the science syllabi at each

level, but aise for various individual science subjects at the lower and upper

secondary levels.

Table 3, page 84, gives the results of analyzing the aims and objectives

of sdence education at the secondary level in the three countries according to

the categories of aims and objectives generated for this study. Table 4, page 85,

shows these aims and objectives as a percentage of the total.
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• Table 3

Oassification of the Aims and Objectives in the U.S.A., U.K., and Japan

Objectives U.S.A. U.K. Japan

Science Content 4 4 1

Cognitive Breadth and Balance 4 1

Domain Intellectual Process 4 8 2

Affective Nature of Science 4 10

Domain Application to Science 6 9 3

Psychomotor Manipulative Skills 4 2 3

Domain

Total 18 31 20

From the results in Tables 3 and 4, we can state the following about the

importance ascribed to each domain:

Aims in the cognitive domain deal with familiarizing students with

the elements of scientific knowledge, and understanding scientific concepts.

AIl students should know, understand, and in various ways he able to

manipulate the substance of scientific knowledge. Aims aise deal with the

development of the ability ta think scientifically, ta develop curiosity, and ta

apply the knowledge and skills leamed in daily life. The aims and objectives

of this domain are the second most often encountered in the curriculum

guidelines examined for this study. The percentage of aims and objectives in

the cognitive domain rank from a low value of 20% in Japan to a high value

• of 52% in the U.K., with the U.S.A. doser to the U.K. at 45%.
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Table 4

The Percentage of the Objectives and Aims in the U.S.A., the U.K., and Japan

in Each Category in the Cognitive, Affective and Psychomotor Domains

Objectives U.S.A. U.K. Japan

Cognitive Domain 44 52 20

Science Cüntent 22 13 5

Breadth & Balance 0 13 5

Intellectual Process 22 26 10

Affective Domain 33 42 65

Nature of Science 0 13 50

Application to science 33 29 15

Psychomotor Domain 22 6 15

Manipulative Skills 22 6 15

Total 99 100 100

The aims and objectives of the affective domain are the most common

in the curriculum guidelines examined in this study. They deal with

assisting students to make an appropriate career choice through the

explanation of scientific laws; introducing them to the technological

applications and social consequences of science; and helping them to gain a

deep understanding of the need to respect nature. The percentage of the aims

and objectives in this category are 33% in the U.S.A.; 42% in the U.K.; and

65% in Tapan. The large differences in aims and objectives in this domain
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• between Japan and U.S.A. are due mainly to the differences in social,

economic and cultural characteristics of each country. For example, Japan has

developed as a highly homogeneous society sharing a single monoculture

where the needs of the society are dominant over the needs of the individual.

Whereas in the U.S.A., which is characterized by a heterogeneous society, the

emphasis is on the needs and interest of the individual. This comparison

will he of great importance in making suggestions for reforming the

objectives of science education in Lebanon, which is aiso a homogeneous

society.

Aims and objectives in the psychomotor domain are least common in

the curriculum guidelines in the countries selected for this study. The

justification for induding objectives in this category at the secondary level is

that the development of such skills can enhance the student's ability to

"solve problems" in life in general. The percentage of the objectives and aims

in these categories in the countries studied is: U.S.A. 22%, V.K. 6%, and Japan

15%.

The data in Table 5, page 87, shows the following characteristics:

•
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Table 5

Countries with the Highest Percentage of Aims and Objectives at Each

Category of the Three Domains

Domain

Cognitive

Affective

Psychometor

Categories

Science content
Breadth and balance
Intellectual process

Nature of science
Application te science

Manipulative skills

Country with the highest

percentage

U.S.A. 22%

U.K. 13%

U.K. 26%

Japan 50%
U.S.A. 33%

U.S.A. 22%

•

In spite of the common features among the studied countries, sorne

major differences can be observed, as shown in Table 5. Japan puts more

emphasis on the affective domain in the Nature of Science category. The

U.K. puts Most emphasis on both cognitive and psychomotor domains in the

Breadth and Balance and Intellectual Process categories. The U.S.A. seems

most balanced, with emphasis placed on aIl three domains in the categories of

Sdentific Theories, Concepts and Laws; Science Content; Application to

Science; and Manipulative 5kills.

Despite these differences, the countries studied recognize that the three

demains and their sub-categories should be aspects of any science curriculum

in which students will: 1) he equipped with a wide range of skills and

understanding; 2) be able ta apply the acquired knowledge in the world of

work; 3) meet national priorities and needs; and 4) develop respect for and a

positive attitude to nature. The similarities and differences in aims and
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• objectives for science curricula in the countries studied, while taking into

account the characteristics of each country, can be used in reforming the

science curriculum in Lebanon.

The three countries consider schools as part of the community, life­

style values and culture. They address intensively the intimate relations

between the outcomes of schooling and the quali ty of life in society. The aims

and objectives of science education in the three countries focus on mankind,

problems and concerns, while stressing the development of mature and

responsible dtizens capable of flexibility in times of change. Also induded is

concern about basic skills, academic standards, preparation for career and

employment. These issues should be considered in making suggestions for

reforming science education and will be addressed in chapter 6 in this study.

Patterns of Science Cuujculum

rime Allotted to the Stydy of Science

•

Unfortunately, there is little up-to-date information on how much

time is devoted to science in U.S. schools. However by referring ta work on

this issue such as the Second International Science Study (5155) (lEA, 1988),

the International Assessment of Educational Progress reports (lAEP, 1989,

1992), and reports on education policies in the countries studies, it is possible

to get a quite accurate estimate of the amount of time allotted to the study of

science at aIl school levels. As part of these reports, aIl the states reported
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policies conceming the amount of instruction in science and mathematics.

Most states recommended 13% of the time, or 175-225 minutes per week,

equal ta 4 class periods to be devoted to science classes for grades 7-10 (Blank

& Espenshade, 198n.

In the U.K., students study science for 10% of their school time in

rnixed ability groups in year 1 and 2. Streaming is introduced in year 3 and

pupils spend 15% of their time on science. In years 4 and 5, science is

optional. However data from GCSE Examination Results produced by the

School Curriculum and Assessment Authority (SCAA) (1995a) show that in

1994 and 1995, 21 % of 16 years old students sat for a GCSE examination in at

least one science subject.

In lapan, according to UNESCO (1986d), and the Ministry of Education,

Science and Culture (1982, chart XXVI), the average time allocated for science

study, expressed as a percentage of the total time available for a11 subjects is

8%-10% at elementary level, and 10% at the lower secondary level. Science is

taught for 3 periods per week in the seventh and eighth grades, and from 3 to

4 periods per week in the ninth grade (Umeno, 1992).

Tables 6, 7, and 8, pages 90, 91 and 92 present a summary of the time

allotted to science in each of the three countries (see also Figure 1 p. 93).
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•

Approximate Time Allotment for Science Courses in Periods pel Week for

the General Student in U.S.A.

School School Age Time Allotment Science Subjects

level Year periods hours

Secondary 12 17 None or Biologyor Physics or

Chemistry or Others

Il 16 4 3.3 None or Chemistry or Physics

10 15 4 3.3 None or Chemistry or

Biology

9 14 4 3.3 Biology

8 13 4 3.3 Earth Science

7 12 4 3.3 Integrated or General

Primary 6 Il Elementary School Science

5 10 Elementary School Science

4 9 Elementary School Science

3 8 Elementary School Science

2 7 Elementary School Science

1 6 Elementary School Science
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Approximate Tinte Allotment for Science Courses in Periods per Week for

the General Student in the U.K.

School School Age Time Allotment Science Subjects

Level Year periods hours

Secondary 13 17 None or Biology or Physics

or Chemistry or Others

12 16 Il

Il 15 Il

10 14 6 4 Biology or Physics or

Chemistry

9 13 5.5 3.7 Integrated Science

8 12 4.5 3 Integrated Science

7 11 Integrated Science

Primary 6 10 Elementary School Science

5 9 Elementary School Science

4 8 Elementary Schocl Science

3 7 Elementary School Science

2 6 Elementary School Science

1 5 Elementary Schoal Science
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• Table 8

Approximate Time Allotment for Science Courses in Periods per Week for

the General Student in Japan

School School Age Time Allotment Science Subjeds

level Year periods hours

Secondary 12 17 None or Biology or Physics

or Chemistry or Earth

Science or Others

Il 16 Il

10 15 3 2.5 lntegrated Science

9 14 3 3.3 lntegra ted Science

8 13 4 3.3 Integrated Science

7 12 4 3.3 Integrated Science

Primary 6 Il Elementary School Science

5 10 Elementary School Science

4 9 Elementary School Science

3 8 Elementary School Science

2 7 Elementary School Science

1 6 Elementary School Science

The tables above show the approximate amount of time given to

science per week and per schoal year in high school (see also Table 2, p. 78). It

is important ta mention that for the United States the time allotted for

science at the upper secondary level can be calculated by taking into account

the fact that two science courses are required in most States. The first required

course is taken in grade 10 and the second in grade Il or 12 (Jacobson, et al,

• 1986).
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Figure 1 below compares the total time devoted ta science at the

secondary level in the three studied countries.

500 l
450 ..;
400 ~
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•

Figure 1. Total Time Allotted to the Study of Science at Beth Lower and

Upper Secondary Level

In order to get a better picture of the time allowed for compulsory

science courses at lower and upper secondary levels in relation ta the total

time allowed for aIl school subjects, it was essential to calculate the percentage

of time spent on science at each level. This was clone by calculating the

percentage from means for each country. The mean at each level was

calculated by dividing the total dass periods at each level by the number of

years in which science is a requirement at that level.

Table 9, page 94, shows the findings obtained. From Figure 1 and Table

9, it appears that at the lower secondary level, the U.S.A. and the U.K. have

the highest number of periods and percentages of time allowed for science,

followed by lapan. The U.S.A. is rated first at the upper secondary levels
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followed by Japan. 5ince science is not a compulsory subject at the upper

secondary level in the U. K. the percentage is reported as zero.

Table 9

The Mean and Percentage of Compulsory Science in Relation to the Total

Time in the School Tinte Table for Lower and Upper Secondary Levels.

Country

U.S.A.

U.K.

Japan

Grade 7·9

Mean # of Percentage

periods/ week

4 13%

5 13%

4 10%

Grade 10-11

Mean # of Percentage

periods/week

3 9%

1 3%

•

Science Courses Qffered

In aIl three countries a course in integrated sciences is the favored

course in the first two years of secondary schooI. Indeed in Japan, the

curriculum remains integrated as far as grade 10. In grade 7 to 10, two science

courses are taken: physical sciences and combined biology and geology course.

Japan is a notable exception in this preference (Ministry of Education Science

and Culture, 1983a, 1989a). Science is integrated only up to grade 7 in the

U.S.A. and grade 8 in the U.K.

Because of the great variety among American schools, it is more

difficult to describe a national program of science education in the U.S.A.

However, Figure 2, Appendix A (page 219) shows two generalized patterns of



•

•

95

American science programs (Jacobson, 1986; Miller, 1986; National Academy

of Sciences, 1990), used for this study and considered for comparison with the

other selected countries.

At the lower secondary level (grade 7-9), courses in general science,

physical sdence, earth science, and biological science are often offered. At the

upper secondary level, the sàence curriculum is usually a full year sequence

in one branch of science. Most often, the science course offered is physics at

grade 12, but many schools aiso indude a second year of biology or chemistry.

According te the National Academy of Sciences (1990), about 75% to 80% of

high school students take a course in biology, usually in the ninth or tenth

grade. Since many states require no more than 2 years of upper secondary

science credit for graduation, the numbers of students enrolled in science

courses at grade 12 are much fewer than in the other grades (around 20%)

(IEA, 1988; National Science Board, 1993; NIER, 1986; Weiss 1994).

In the U.K., it is generally accepted that a broad sdence education

should involve more than the traditional subjects; biology, chemistry and

physics. Many schools are introducing subjects such as astronomy,

environmental science, earth science and Science and Technology in Society

(STS). 5tudents are encouraged to explore the sodal, economic and political

aspects of science. A balanced science education in which aIl aspects of science

are equally represented is offered in the U.K. in the form of integrated, or

combined sciences (DESWO, 1988; NCC, 1989b; Science Education Newsletter

No 61, 1985).
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Therefore, in a large number of secondary schools in the V.K., aIl

pupils follow the same integrated science courses for the first two years of

secondary school and are then given an introduction ta the separate sciences

in year 3. During year 3, pupils choose the option they will follow during

years 4 and S, which lead to public examination, the GCSE (DESWO, 1988;

Science Education Newsletter No 66, 1986).

We can conclude that, at the secondary level, science is offered in a

variety of ways in the three countries: a) in integrated, combined or modular

science such as physics with biology, physics with chemistry, physical sàence

with biology followed by three sciences: physics, chemistry and biology; b) as

separate courses in biology, chemistry, physics and earth sàence; c) non­

traditional science subjects such as astronomy.

Figure 3, page 97, presents the science subjects offered in bath lower and

upper secondary level in the countries included in this study. It will be seen

that general students do not take science at the upper secondary level
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Figure 3. Science 5ubjects Offered at Bath Lower and Upper Secondary Levels

for the General Students.
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The Content and Structure of the Science Courses Qffered al Secondan: Level

In this section science content is reviewed briefly in each country.

Appendix B (page 220-226) presents the content of science courses in detail at

each level for the U.S.A., V.K. and Japan.

Science content in the U.S.A.

American secondary science education is unique in the diversity of

programs offered ta students. Programs vary widely in content, purpose and

articulation in different jurisdictions.

Analyzing the content of science courses in the U.S.A. posed a

dilemma. Information was hard to get and sometimes non-existent, due to

the fact that education in the U.S.A. is decentralized and diversified. Content

of science courses is left ta the discretion of the classroom teacher or the head

of the department within an individual school. The method used to collect

information about the content of science for this study was based mainly on

the examination of the published material of well-recognized programs (such

as SCIS, SAPA, BSCS, and Projeet Physics), published state guidelines

(California State Board of Education, 1985; New York State Education

Department, 1984), national research studies on the status of science

education such as Project 2061 (AAAS, 1993) and the National Science

Education Standards (NSTA, 1995; NRC, 1996), the IEA study (IEA, 1988;

Miller, 1986), and IAEP study (1992).
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In junior high school at grade 7 the most commonly offered science

course is life science, At the grade 8 level, most schools oHer a course in earth

and space science. During grade 9, the last year of junior high school, physical

science is the most commonly offered course.

The content of school science at the lower secondary school is the

following.

Table 10

The Content of Science at the Lower Secondary Level in U.S.A.

Grade 7

Grade 8

Grade 9

Life Science

Earth and Space

Physical

Science

a collection of topies dealing with biology (ceIl

structure and function, and organs and

system), personal health, ecology and

conservation, and transformations of energy.

a combination of astronomy including the

solar system, space exploration, and recent

discoveries in space, meteorology,

oceanography, forms and transforma tions of

energy, and motions and forces.

the tapies most oiten included are

environmental science, structure of matter,

energy transformations, history and

philosophy of science, geology, astronomy,

and physics.

•
The three courses described above are discipline-centered science

courses. Their content shows that various science subjects have been

integrated. Therefore, the junior high school science courses are often

structured in modular units and cover a wide range of material.
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At the senior high schoollevel two courses in science are normally

compulsory for general students and these courses are offered in grades 10

and 11. Biology seems to be the most frequently offered science course at

grade 10 level.

The content of upper secondary school science is the following:

Table 11

The Content of Science at the Upper Secondary Level in U.S.A.

Grade 10

Grade Il

Biology cell structure and funetion; genetics, and

biologicai evolution; metabolism, behavior;

reproduction and development of plants and

animaIs; matter, energy, and organization in

living systems; personal heaith and nutrition.

Physical Science a combination of topies from subjects such as

chemistry, physics, earth science, and

astronomy.

Science content in the U.I<.

The National Cuniculum introduced into schools in the U.K. in

Autumn, 1989 was planned for pupils of compulsory school age (5-16)

(DESWO, 1988). The National Curriculum in science indudes 2 key aspects,

or profile components: "exploration of science", which emphasizes the skills

and strategies of science; and "knowiedge and understanding", which

emphasizes the conceptual understanding that enables pupils to use their

• skills to explore, investigate, experiment, and solve problems. It is intended
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• that the two aspects of science should be experienced and understood

interactively by pupils. Each of these profile cornponents is broken down into

attainment targets. There is a single attainment target in the first profile

component. The other targets are in the second component. Attainment

targets are defined as "the knowledge, skills, and understanding which pupils

of different abilities and maturities are expected to have achieved in each

subject area" (DESWO, 1988, p. i).

There are a number of attainment targets specified for each schocl

level. The programs accompanying the attainment targets at each key stage

outline the experiences and types of activities which should he provided for

children in science. There are 10 levels of attainment within each attainment

target (NeC, 1989bl. The attainment targets specified for each level can be

organized to produce four different combinations. Appendix C (page 227)

shows the possible models.

As was shown in Figure 3, page 97, the most common pattern in the

U.K. is a balanced sdence course in combined or integrated science (in grade 7

and 8) followed by a separation into physics, chemistry, biology, and in sorne

cases earth science (in grade 9). It is noteworthy that in grade 8, the integrated

science course is intended ta prepare students for further studies in science by

emphasizing an understanding of the processes by which scientists advance

the knowledge of sdence, and the process by which sàence is utilized in

society. This objective is not apparent from the summary table, and is not an

• objective in any other curriculum described.
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The content of school science at the lower secondary school is the

following:

Table 12

The Content of Science al the Lower Secondary Level in U.K.

Grade 7

Grade 8

Grade 9

Integrated Science

Integrated Science

Physics ; Chemistry;

Biology; Earth

Science;

an historical development of scientific

principles and theories; a simple

introduction to astronomy, earth science

and microbiology; environmental science;

the study of magnetism and electridty; and

methods and processes of science.

water; metal and alloys; light;

classification; and the study of

invertebrates.

tapics in physics; chemistry; biology; earth

science; and weather and c1imate

Science content in lapan.

In Japan, the lower secondary school science syllabus includes two

major "fields". The first field includes physics and chemistry while the

second field indudes biological and earth sciences (Ministry of Education,

Science and Culture, 1983a, 1989a; Nogami, et al, 1987).

The content of school science at the lower secondary school is the

• following:
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Table 13

The Content of Science at the Lower Secondary Level in Japan

Grade 7 FieId 1:

Field 2:

Grade 8 Field 1

Field 2

Grade 9 Field 1

Field 2

substances and their reactions; force, substances and

atoms

kinds of living things and their life; motion of the

earth

electrical current

construction of bodies of living things; changes in

weather

substances and ions; motion and energy

mutuaI relationship between living things; the earth's

crust and its changes; human beings and nature

•

At the upper secondary level "Science l", an integrated course, is

required at grade 10. lts topics are selected from physics, chemistry, biology,

earth science, matter and energy (Nishikawa & Kobayashi, 1986). The content

of Science l is force and energy; composition and change of substance;

evolution; the balance of the natural world; and human beings and nature

(Ministry of Education, Science and Culture, 1983a, 1989a; Umeno, 1992).

In summary, an examination of the content in the three countries

shows the following:

1. There is a remarkable level of agreement among the three countries

on developing a positive attitude toward living things and the natural

environment. In lapan, topics that stress the attitude and values of science,
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for example energy, human beings and nature, receive greater emphasis in

their science content than in the other countries.

2. In the three countries there appears ta he great emphasis on science

content that includes the following topies: a) earth science and astronomy: the

solar system, explanation and discoveries in space; meteorology; and

prindples of astronomy; b) Physies: magnetism, electricity and electro­

magnetism, rnechanics and dynamics (force and motion), and

electrodynamics; c) chemistry: structure and function of the atom, and

chemical reaction; d) biology: ecology and conservation; personal health such

as food, diet, disease, drugs, narcotics, and alcohol abuse; concept of ceIl

structure and function; reproduction; molecular biology such as gene and

inherited disease; and evolution.

3. The science content in the three countries studied, especially in the

U.K, emphasizes intellectual processes and manipulative skills in science

topics. These tapics are: a) methads and process of science based on the

interaction of science with society; and b) the practical application to science

and its implication such as agriculture, industries, and business

Science Requirement for Graduation (Grade 10=12)

5dence is a required subject at the secondary school level in aIl the

countries studied. However the number of science courses required for

graduation (grade 10-12) varies from one country ta another.
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Sînce 1983 in the U.S.A., most states have moved toward increasing

high school graduation requirements in science. In the faU of 1989, most

states required that before receiving a high schoal diploma, every student

must have completed at least two years of science including biological and

physical science. In sorne states science requirement induded a laboratory

component (Jacobson, 1986; Miller, 1986; N5TA, 1995). In Japan one science

course is required for graduation and in the U.K., science is not a compulsory

subject at the upper secondary level. Table 14 below shows the science courses

required for graduation in grades 10 to 12.

Table 14

Number of Science Courses Required for Graduation Grade 10-12

Countries

Science Courses U.S.A. U.K. Japan

Biology 1

Integrated Science 1

Otheri 1

Total 2 1

Note: 1 such as physical science; earth science, Hfe science, astronomy.

Science Subjeds and Content for Adyanced Students in Science

The previous section described the science subjects and their content

planned for the general student. This section will present the same issues for

advanced students in science. In this study, advanced students in science are

• those who expect to deepen their knowledge in sdence and to continue their
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• further education in scientific disciplines, in contrast to general students who

would be oriented into non-science disciplines, or wha wauld not continue

beyond the minimum requirements for graduation fram secondary school.

Appendix D (p. 228-231) presents in detail the content of science courses

planned far advanced student in science at each level for the U.S.A., U.K. and

Japan.

Advanced students in science in the three cauntries selected for this

study are offered a variety of science subjects in curricula designed to meet

their needs and interests. 5tudents in the U.S.A. who want ta pursue a career

in science are affered four years of progressively advanced instruction in

science, including biology, physics, chemistry, advanced physical science,

advanced biology, science labaratory courses and specifie science modules. In

some sehools more diverse courses, such as human biology, astronomy,

physiology, chemistry II, physics II, botany are offered (Cooper, 1983). Science

courses are often struetured in modular units. Students may elect ta take up

ta 3 or more courses in science in the upper secondary level. More than 50%

of American students take two or more years of science and more than 20%

take three or more years at the upper seeondary level (Cooper, 1983; National

Science Board, 1993).

There is !ittle up-to-date information on the content of science courses,

therefore, discussing the content of science courses is a difficult task. Courses

for eaeh state vary and indude subjects in various combinations. However

• sorne of the science textbooks used at the upper secondary level, as well as the
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review of sorne literature in this domain (AAAS, 1993; Jacobson, 1986; N5TA,

1995; NRC, 1996 ) offer sorne help in describing the possible courses.

Biology courses emphasize an ecological approach, biogenetics,

biomedical science, the human body and reproduction, and molecular

biology. Physics courses offered at the upper secondary level in the U.S.A.

concentrate on a historical and philosophical approach (AAAS, 1993;

Jacobson, 1986; N5TA, 1995). Sorne physics courses inc1ude applied science

topics such as: spaceship earth, using the environment, energy and our

future. Aiso a host of energy-related issues evolve into separate courses or

become part of a physics course. FinaIly almost aIl physics courses ernphasize

the study of magnetism and nuclear activity (Miller, 1986; AAAS, 1993). The

emphasis in the earth science courses is mainly on stellar radiation and

evolution of stars, plate tectonics, geochemical cycles, and space exploration

and discoveries. For chemistry courses, the foeus is on the nature of

chemistry, the structure and electrical nature of the atom (chemical bond,

structure and properties of matter) and the dynamics of chemistry.

The arrangements in the last two years of compulsory schooling in the

U.K. vary within and between schools. As a consequence, a range of

possibilities exists. Sorne pupils discontinue science while Many others take a

narrow course in only one of three sciences, while sorne take three sciences,

in which case, the proportion of teaching time allocated to science may be as

high as 30%, or 12 periods per week (DESWO, 1988). In 1982, 11.5% of students

were enrolled in three science courses (biology, physics, and chemistry) in
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• years four (grade 10) and five (grade Il), 20.5% enrolled in two science courses

(biology and chemistry; biology and physics; chemistry and physics), 33%

enrolled in one science subject (biology, physics or chemistry), 24% enrolled

in one of the other science subjects, and only 10.5% were not enrolled in any

science at this level (HMSO, 1982). The SCAA reports examination results for

1995 show that 18% of A (Advanced level) and AS (Advanced Subsidiary)

students sat for these two levels of examinations in sdence (SCAA, 1995b).

The content for science subjects in the V.K. as proposed by the Secretary

of State for year four (grade 10) and five (grade Il) is as follows: the variety of

lHe; processes of life; genetics and evolution; human influences on the earth;

types and uses of materials; making new materials; explaining how materials

behave; earth and atmosphere; forces; electricity and magnetism; energy

transfer; information transfer; energy resources; sound and music; using

light; the earth in space (DESWO, 1988).

The above tapies can be organized into sdentific subjects which faU

under the following headings: biology; physics; chemistry; integrated science;

earth sciences, biological or physical science, and 50 on. ft is left ta the school

and teacher ta decide which combination and science subjects will be offered.

However the Secretary of State has suggested models for cambining these

attainment targets. Appendix C (page 227) shows possible models for these

topies.

At A-level students can specialize in one or more science subjects. One

• can find aIl traditional and non-traditional science subjects in a wide variety
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• of possible topic combinations. However, according to Keys (1987) and SCAA

examination result (1995b), at A·level, relatively few British students (around

5%) study earth sdences or any science subjects other than biology (9%),

chemistry (7%) and physics (5%). The content of A-Ievel science courses

varies from one school ta another, and it remains for the teacher ta organize

the content from a broad range of suggested tapies. 5tudents can choose one

or more science subjects from a wide variety of science disciplines in order ta

continue their specialization.

In Japan the new revision which should have been put into practice

beginning in 1993, makes it possible for pupils to select sorne subjects

according ta their abilities, needs, and preferences. In this new revision,

students are offered an optional science course at grade 9 (Ministry of

Education, Science and Culture, 1989a; Umeno, 1992) at the upper secondary

level, students can choose the traditional science disciplines such as biology,

chemistry, physics, and earth science or continue with Science II. In the new

revised curriculum, it appears that students at the upper secondary level are

offered 13 science subjects sud as physics lA, lB and II, chemistry lA, lB and II,

biology IA, mand D, earth science lA, lB and II, and integrated science,

although detailed information is difficult to obtain. These courses also

emphasize the relationship between science and human Hfe as weIl as the

applications of sdence. Other courses such as integrated science aim to help

students understand nature (Ministry of Education, Science and Culture,

• 1989b; Umeno, 1992). Although the sdence courses are electives, almost all
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• students take at least one elective course in the upper grades. Most Japanese

high school graduates have completed courses in the natural sciences, some

aspects of which have been based on V.S. curricula and adapted ta Japanese

needs (Jacobson et al, 1986).

In Science II, the acquisition of science process skills is stressed.

Students are also required to study the methods of science. This is unique in

the history of upper secondary science education in Japan. The content of

Science II consists of observations of specifie matter and phenomena; surveys

of the natural environment; and studies of historical cases in science

(Ministry of Education, Science and Culture, 1982). Each student enrolled in

Science II must select appropriate topics independently in order to acquire an

interest in nature and the ability to solve scientific problems (Direction

générale de l'information, Ministère des affaires étrangères, Japon, 1979;

UNESCO, 1984).

Unlike Science II, the other elective science courses in Japan have a

fixed course of study. The physics course includes force and motion; wave

motion; electricity and magnetism; and atoms. The chemistry course

includes topies on chemical properties of substances; states of matter;

chemical reactions; and the structure of matter. The biology course includes

the formation of a bio-organism; living bodies and energy; homeostasis and

regulation; and biotic communities. Finally, earth science includes the

structure and history of the earth; and the universe (Ministry of Education,

• Science and Culture, 1983b, 1989b).
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A perusal of the course outlines in Tapan indicates that courses are

elective and general in nature. The courses appear to cover the well-known

traditional topics associated with these sdences. The majority of students in

the upper secondary level are enrolled in the chemistry courses offered in

grades Il and 12 (84%) followed by biology (50%), and physics (49%). Only

17% of students chaose earth science, and almast no students take Science II

(Jacobson, 1986 et al). Secondary school physics and chemistry are widely

studied in lapan, whereas biology and earth science attract few students.

In the U.S.A., the U.K. and lapan, students start to select science courses at the

beginning of grade 8 or 9. Table 15, page 112, shows the pattern of science

courses offered for advanced students in science in the three countries.

AlI the above would seem to indicate that there is a range of science

courses offered in the U.S.A., V.K. and lapan. Traditional and nontraditional

subjects are found in the U.S.A. and U.K. whereas, in Tapan traditional science

disciplines are mostly offered. In the three countries, there are science courses

for aIl abilities, interests and needs with an emphasis on the acquisition of

science process and skills.
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• Table 15

Science Subjects Offered for Advanced Student in Science

Science Subjects U.S.A. V.K. Japan

Biology X X X

Chemistry X X X

Physics X X X

Earth science X X X

Integrated science X X X

Modular or X X

combined science

Applied science X X

Others i X X

Note: i such as physical science; earth science, life sdence, astronomy.

Teaçbina Strate&ies

•

The terms teaching strategies and leaming experiences are used

interchangeably in this section reflecting the usage cammon in the modem

literature. The data from the literature show that the different teaching

strategies faH into four categories: a) instructional strategies, which are

defined as those "Strategies in which the teacher has direct control..."

(Hofwolt, 1986, p. 46); b) instructional materials/equipment (enhancement); c)

instructional activities (in-class); and d) instructional assignments (out of

class) (Center for Vocational Education, 1971). Instructional activities and
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instructional assignments are ItlStudent-centered' instruction which allow

students to play a more activt! or self-guided raIe" (Hofwolt, 1986, p.46).

In the United States a policy statement (AAAS, 1993; Brinckerhoff et al.

1987; Miller, 1986) conceming teaching strategies emphasizes active student

involvement with materials, fellow students, the environment, and other

resources. In an atmosphere of inquiry, the teacher becomes a fadlitator who

guides the students' investigations, rather than a disseminator of

information. Textbooks are only one resource from which students May

draw information. Laboratory investigations promote hypothesizing,

stimulate individual interests, and strengthen concept development. The

policy statement aIso suggests that strategies of teaching be based on the active

involvement of students in their learning in order ta develop scientific skills.

These skills will help them to rely on their own inventiveness, curiosity, and

talents ta attain concepts (AAAS, 1993; Brinckerhoff, et al, 1987; Miller, 1986).

Science education in the secondary schools in the United States is

characterized by the following teaching and learning practices:

1. Scientific investigation where students become more systematic and

sophisticated in conducting their investigations (AAAS, 1993).

2. "Hands-on" or manipulative materials (AAAS, 1993; Miller, 1986).

3. Class lecture and discussion (Miller, 1986).

4. Alternative activities such as library work, student projects, field-trips,

and guest speakers (AAAS, 1993; Miller, 1986).
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5. Extensive use of audio-visual materials and demonstration such as:

films, filmstrips, film loops, slides, tapes, and records, calculators,

television (Miller, 1986), computers, and other technological

developments (AAAS, 1993)

6. Class discussion which allows students to present their views, thereby

presenting opportunity for students ta increase their creativity (AAAS,

1993; Brinckerhoff, et al, 1987).

Science in the U.K. is taught at aIl stages in a way which emphasizes

practical, investigative and problem solving activity. Teaching is also

supposed to be related closely to everyday and industrial applications of

science. The policy statement suggests a variety of teaching methods and

strategies:

1. Problem-solving, investigation, practical work, exposition, discussion,

consolidation and practice (The Sunday Times, 1993; Science Education

Newsletter No 61, 1985).

2. Teaching methods linked to the community and stressing the

discussion of the social implications (DESWO, 1988; Science Education

Newsletter No 61, 1985).

3. The use of the child-centered approach with emphasis on finding out

and using the knowledge and understanding that children already

possess about science. AlI secondary teachers are encouraged to

provide materials that complement rather limit the learners'

Experiences (DES\VO, 1988; NCC, 1989b).
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4. Emphasis on practical experiences ta build up, develop and extend

pupils' ability ta think scientifically sa that science becornes part of

their total conceptual framework rather than a subjeet that only has

relevance in the confines of the schoollaboratory. (DESWO, 1988;

Science Education Newsletter No 78. 1988).

The teaching strategy in Japan is characterized by the following:

1. Emphasis on scientific experiments, which are the application of the

content studied as weB as experiments related te students' daily lives,

should be conducted (Jacobson, 1986; Umeno, 1992).

2. Sdentific activities that help students te develop their abilities and

aptitudes.

3. Well-planned projects that make extensive use of the school library,

and teaching materials.

4. Good human relationships between teachers and students and among

students themselves to make student guidance effective (Ministry of

Education, Science, and Culture 1983a, 1989a).

5. Field trips, laboratory work, group projects, and classroom activities

using science methods (Miller, 1986).

6. Open-ended and inquiry methods (Jacobson, 1986).

7. Imitation and rote leaming (Cooper, 1983) (Ministry of Education,

Science, and Culture 1983a, 1989a; Nogami, et al , 1987).
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• Table 16

Teaching Strategies

U.S.A. U.K. Japan
Instructional Strategies

a) Lecture X X X

b) Discussion X X X

c) Guest Speaker X

d) Field Trip X X X

Instructional Materialsl Equipment

a) Audio-Visual X X X

b) Textbook X X X

c) Computers X X X

Instructional Activities

a) Role Playing X

b) Puzzles

c) Roundtable Discussion
d) Simulation

e) Problem-Solving X X

oExperiments or Laboratory X X X

g) Debates

h) Exposition X

Instructional Assignments

a) Reports X

b) Surveys

c) Problem-Solving X X

d) Experiments X

e) Interviews

oResearch Paper X X X

g) T.V. Programs

h) Summer Assignment X

•
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Summer assignments form an important instructional component in

Japanese science curricula. Each student is given an assignment in science for

the summer holiday months. This is then assessed, considered, and discussed

by and with the responsible teacher. This is believed ta keep students from

forgetting sorne of what they have leamed previously (Jacobson, et al, 1986).

These recommended teaching strategies in the three countries are

summarized in Table 16, page 116.

Nature of Practiçal Work Prescribed

In secondary schoo!, science courses in each of the three countries

induded in this study view practical work as a very important component

and as such allocate sufficient time to permit students to conduct their own

experiments.

The primary purpose of Iaboratory work in the U.S.A. is ta provide

students with direct experience in dealing with problems that are realities in

the human enterprise and in the natural environment. The students are able

to work on problems as participant observers or ta investigate a problem by

experimentation using possible alternative procedures for resolving the

situation. Experiments undertaken by students often focus on the inquiry

nature of science. It is believed to be essential that students develop abilities

for studying, learning and shaping the future if scientific problems are ta be

resolved through student investigation (AAAS, 1989b; California State Board

of Education, 1985; New York State Education Department, 1984).
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In the U.S.A., laboratory skills and processes are stressed in science

curricula at both the lower and upper secondary school levels. Problem­

solving, measuring, and graphing skills are integral to successful performance

in the topics contained in the science curriculum. The state guidelines

generally require a black of instructional time in student-centered laboratory

work; at least one or two periods of laboratory work per week are

recommended for experimental activity (Jacobson, 1986; Miller, 1986).

Laboratory facilities for science are usually provided starting from the

lower secondary level. Most students are taught science in rooms containing

"portable science materials". At the upper secondary level, students taking

science are taught in speciallaboratory rooms for science instruction and to

sorne extent their leaming is based on sorne aspects of laboratory work or

projects incorporated in their coursework (Miller, 1986).

In the Second International Science Study (IEA, 1988), the U.S.

respondents reported that considerable space in their schools is equipped for

science teaching and/or student laboratory work. The bulk of the V.S.

respondents reported that their science rooms are used more than 80% of the

week for science lessons or laboratory work.

Practical work in the U.K. is highly regarded and stressed in the

teaching of both traditional and non-traditional science courses. True

experimentation and discovery are encouraged at the secondary level.

Among practical skills, the processes of science, such as observation and

measurement, are also emphasized (DESWO, 1988).
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In the poliey document, Science 5-16 (DESWO, 1985) it was clearly

stated that priority in the curriculum should he given to the processes of

scientific thinking such as observing, pattern seeking and experimenting.

Practical work in Tapan is also stressed in the teaching of aIl science

subjects. It is considered to he an important element of the science

curriculum. Therefore, the course of study of the lower and upper secondary

school emphasizes the use of practicai activities in teaching science subjects.

It aise provides the teachers with sorne suggestions on the kinds of activities

believed suitable for teaching the content of the science topics stated in the

course of study. The Ministry of Education, Science and Culture provides the

school with laboratory equipment and instructional aids which are

complementary tools for teaching sàence. These are slide and overhead

projectors, motion picture projectors, VCRs, television and charts.

It has been reported that Tapan makes extensive use in its science

curricula of educationai materials that originated in the U.S.A. induding new

physics, chemistry and biology materials that were developed by the N.S.F.

For example, materials from one such program, the Physics Science Study

Committee (P.S.S.C,), were imported by the Physics Education Society in lapan

which conducted seminars with participating V.S. specialists, and adapted the

P.S.S.C. Iaboratory equipment to Japanese needs (Cooper, 1983).

It is dear that practical work is widely accepted as an important

ingredient of science teaching. In aIl the countries studied, emphasis is placed

on experimentation, observation, and inquiry into nature. Effective
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utilization of the local environment is also stressed. Students are encouraged

to have direct experience with natural phenomena. It is apparent that

practical activities can provide a context for students to develop process skills.

As national studies have shown (IEA, 1988), practical activities are associated

positively with students' science achievement, and with their attitudes

towards science.

AlI the above seems to indicate that the method of teaching

emphasized in the countries studied is based on the use of instructional

materials such as textbooks, audicrvisual aids, practical work, projects and

field trips to industries and nature centers. There is also stress on the

problem-solving and inquiry approach. It is a unique feature of lapan to

allocate summer assignments as part of the curriculum. Laboratory work is

viewed in the countries studied as essential in learning science and plays an

important role in science education.

Examinations

Uniform terminal examinations in the U.S.A. are not mandated

nationwide. Most states have minimum competency examinations

administered to public school children at designated grades in K-12. Most

states use these examinations as one criterion for high school graduation

(Jacobson, et al, 1986). However, more recently, a testing requirement in



•

•

121

science for high school graduation is taking place in most states at the end of

grade 9 and 10, or Il (Blank, et al, 1987).

As there are no national examinations, the schools and teachers have

the major responsibility for developing an appropriate assessment plan. The

information collected with the 5155 Teacher Questionnaire (lEA, 1988)

showed that at aIl secondary levels, teachers reported that they rarely or never

used standardized tests produced outside the school. The most common

assessment procedure was teacher-made objective (short answer) tests, and in

sorne cases, teacher-made essay tests (requiring at least one paragraph of

writing). They also used homework assignments, laboratory exercises, and

projects in assessing the work of their science students (Miller, 1986).

In the V.K. progress in science is assessed both within the school and by

public examinations, in ways which recognize the importance of the skills

and processes of science as well as those which reward the ability to reproduce

and apply scientific knowledge. These measures allow the pupils to show

what they can do rather than what they can not do (McCall, & Wilcox, 1985).

It is strongly advised that science education should be presented and assessed

in a way that allows the pupils to see its direct relevance to their lives and it

should draw on the environment and experience of the pupils themselves

(NeC, 1989d; The Sunday Times, 1993).

Successful completion of secondary school in V.K. is linked to

performance on external examinations. The main extemal examinations for

secondary schoal pupils are the General Certificate of Secondary Education
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Examination (GCSE) at age 16, and A (Advanced) Ievel at age 18. At the

completion of the 5th year of secondary school, a student can take the GeSE

in one or more science subjects in addition ta other subjects. Pupils are able,

with the guidance of their teachers, to choose how Many and which subjects

to take for the GCSE. The examinations do not caver merely the work of the

last term or the last year; instead, each test covers the entire syllabus. Thus, a

subject passed at GesE level represents achievement in the subject over an

entire secondary program. Science subjects test skills and knowledge equally,

and require candidates to demonstrate laboratory skills along with answering

questions and writing essays on scientific subjects (DESWO, 1988; Education

Information Section, 1995; NeC, 1989d).

The GeSE examinations cover the entire syllabus (DESWO, 1988;

Education Information Section, 1995). The examinations are designed ta

demand more of able candidates than of less able candidates and to award

grades accordingly. Within each subject there is a choice of papers or

questions, which will give candidates of aIl abilities the opportunity to show

what they understand, know and can do.

The Sixth Form May be regarded as pre-university training during

which students are expected to begin specialization in subjeets that they will

Jater study for degrees (Education Information Section, 1995; Keys, 1986).

Admission is based upon success in the CCSE. AS (Advanced 5ubsidiary )

level is a single-subject examination, normally taken over two years

alongside A-levels, occupying about half the teaching and private study time
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of A-Ievel. The first courses began in 1987, and the first examinations were

held in 1989. 5tudents take AS exams in one, or occasionally two, science

subjects at the completion of the first year of Form VI.

Examinations for the CCSE and Advanced level examinations are tests

in individual subjeets that are provided for students completing secondary

(Form V) and pre-university (Form VI) studies. Suceess in the examinations

is the basie requirement for entry into higher education or professional

training, as stated in entrance requirements for universities, polytechnics, and

other edueational institutions, and also for entry into training controlled by

the professional associations.

5tudents in lapan, after graduating from lower and upper secondary

schools, have to sit an entrance examination for further study. Entrants'

admission to the upper secondary school is based mainly on records of the

entrance examination. External testing marks the transition from lower ta

upper secondary level, and from upper secondary level ta college and

university (White, 1986).

Entrance examinations in Japan are believed to be an important aspect

of lapanese education. It is very important for Japanese students ta do weB

on the entrance examination in arder to he admitted to a prestigious upper

secondary school and from there into a top university, which can lead ta a

good position in business or govemment after graduation. For this reason

Juku schools and tutoring services have been developed and become an

important industry providing supplementary science education for a large
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fraction of Japanese students (Nogami et al, 1987). Their primary aim is to

give students a competitive edge when taking the critical examinations and to

improve their science achievement scores. The number of students enrolling

in these programs has increased dramatically recently (Beauchamp, 1992).

Almost aU Juku are smal1, taught by ~·ell-educated housewives and/or

university students but large Juku can he found in major cities. These are

staffed by professional teachers who teach from specially prepared textbooks

(Beauchamp, 1992; Miller, 1986; Nogami et al, 1987).

Table 17 shows a summary of student assessment in the studied

countries.

Table 11

Methods Used for Student Evaluation or Assessment

Grades

Type of U.S.A. U.K. Tapan
examination

Within school 9, 10 or 11 AlI 9, la and Il
(InternaI)

Public 9, and 12 Il, and 12 or 13 9, and 12
Examina tion

(External)

Summary

In each of the three countries there is a strong national commitment to

quality science instruction as an essential part of the pre-college educational

• process for bath the general population and for students proposing to pursue
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science-related careers. The result is a work force which, at allievels, has a

relatively high degree of science skills. This has been a factor in the very

rapid expansion of technical industry in the U.S., V.K., and lapan.

In colleeting the data for analysis from different sources in the different

countries selected for this study, some difficulties became apparent. The first

area of difficulty encountered was in dealing with the amount of time

devoted to science subjects. There are differences that exist between what is

often called school "hours" and the actual hours of the day. The duration of a

lesson may be anywhere from 30 minutes to 50 minutes or more, but schools

espedally in the U.S.A. speak of them as "hour". In analyzing the data, it was

not always clear if school hours or hours of the day had been entered. There

could, therefore, be sorne errors in analysis inherent in this study. The

analysis shows that, at the least, there is a commitment ta regularly scheduled

science teaching, and the time allocation can be approximated.

Another area of difficul ty in presenting the facts concems the time

allotted to the study of science for advanced science students in grades 10, 11,

and 12. Difficulties arose for the following reasons: In the first place, these

years are not always compulsory, in fact, they form an extension to

compulsory schooling in most systems. In the second place, the last three

years are when spedalization begins in most school systems. During these

years, a choice of subjects is frequently permitted. Sorne pupils opt for sàence

subjects, and for them the time allotted to science is considerable. Sorne

pupils choose languages, or humanities subjects. They may drop science
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altogether or they may be required to follow a curtailed or general course in

science. For these reasons the presentation of the time allotted to science

during grades 10, Il, and 12 proved difficult and therefore, il was omitted

from this study. Again, it can be safely said that each of the three countries

provides the opportunity for intensive study in science in the spedalization

year, up ta a maximum of three or four years.

The pattern of science in the countries studied shows that science is a

compulsory subject in the first three years of secondary education Cup ta grade

9). It remains compulsory up to grade 10 in Japan, and grade Il in the U.S.A.

In aIl the countries studied, secondary school science starts with an integrated

science program. lapan extends integrated science through lower secondary

and the first year of upper secondary level. Separate courses in physical and

earth sdence are only offered in the U.S.A. and the V.K. at this level. A

unique feature in the U.S.A. is that a different sdence is studied each year. A

common pattern in the U.S.A. is ta have earth science in the 9th grade,

biology in the 10th grade, chemistry in the Il th grade and physics in the 12th

grade. In aIl the other countries, the various sciences are studied in each year

of the secondary school.

In the last year of compulsory science in the U.K. (grade 9), aIl pupils

are introduced ta each of biology, physics, and chemistry. These three subjects

can be taken as separate, combined, or integrated courses. Most students study

bialogy, chemistry, and physics as separate subjects.
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There is some content that is common to aIl three countries. For

example: exploration and discovery in space; meteorology, ecology and

conservation; personal health (dealing with drugs and alcohol abuse; and diet

and disorder); molecular biology, mechanics, dynamics, electriàty,

electrodynamics and electromagnetism; atom structure and function;

methods and processes of science; and practicai application to society.

It appears that aU the countries induded in this study share the same

opinions conceming the method of teaching. AlI of them stress the use of

hands-on and manipulative materials and audio-visual aids in the teaching

of science. They aise recommend the use of lecture, discussion,

demonstration, laboratory projects, and library work in science teaching.

Other approaches to science instruction include textbooks, computers, and the

use of community resources, such as nature centers, museums, and zoos.

The examination system is different in each country. American and

British students, by and large, take examinations to get out of school, but as

Fiske (1983) put it, "Japanese take them (examinations) to get in." Assessment

for graduation in Japan and the V.K. is externai and it takes place at the end of

lower and upper secondary level, aithough in the V.K. 50% of the GCSE mark

is generated by the teacher. In the U.S.A. examinations are mainly internaI

and teachers are likely to use teacher...made objectives (short answer) tests in

their examinations. They aise use homework assignments, laboratory

exerdses, or projects, in assessing the work of their science students.
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The outcomes of the comparison of science education policies in the

countries studied and described in this chapter will be used in Chapter 6 to

compare with the Lebanese polides, which will be described in the next

chapter.
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Chapter 5 Science Curriculum Policy in Lebanon Proposed for

General and Advanced Students in Science

This chapter presents an analysis of science curriculum policies in

Lebanon and compares them with those of the developed countries selected

for this study. This analysis will be undertaken in the same sequence as in

Chapter 3. Sorne of the information in this chapter was obtained during a

visit to the Faculty of Education at the Lebanese University in Beirut, CERD

and University of Notre dame, Beirut by the researcher in August, 1994.

Published data dealing with Lebanon are about 20 years old, due to the

war in Lebanon which lasted for 17 years (1975-1992). Education, during this

period, was not the first priority in the country and research in the field has

not taken a prime place. There is no evidence in the literature that any

changes have taken place recently. According ta a member of the CERD in

Lebanon, the science curriculum in use in schools is still the one that was

proposed in 1970 (M. Vagi, personal communication, August 4, 1994).

Structure of the Educationa. System

The educational system in Lebanon is highly centralized. Virtually

every aspect of education is planned and administered by a central Ministry of

Education. Education in Lebanon is not compulsory at any schoollevel. The

educationalladder is still essentially the same as it was under the French
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Mandate (Bashour, 1979). Figure 4, Appendix E (p. 232) shows the structure of

the educational system in Lebanon today.

5tudents in Lebanon start elementary school at age 6. Most schools

have a Kindergarten which lasts between 1 and 2 years. Education at the

elementary level is a five-year program and children complete the last year

around the age of 11. 5tudents start lower secondary school level at the age of

Il and they usually stay there until the age of 15. The duration of lower

secondary school, known as complementary or intermediate level, is 4 years.

Students who succeed in the last year of the lower secondary schools have two

options. They may sit for an entrance examination to "École Normale" where

they study 3 years and end up with certification to teach elementary schocl, or

they may continue their upper secondary school education known as the

"Baccalaureate" which lasts three years (age 16-18) (Awad, I<houry, Jamoul, &

Kanbar,1984). Table 18 page 131 shows the organization of the school system

in Lebanon.

5tudents start the upper secondary level at the age of 15 and finish at

the age of 18. In the Years 1and II of the upper secondary level, known as the

Baccalaureate 1 (Bacc 1), students choose courses from each of three sections:

Language and Literature: Social Sciences: and Scientific sections where the

curricula are very structured. Baccalaureate II (Bacc II) or the last year of upper

secondary level also includes three sections: Philosophy, Mathematics, and

Experimental Sciences (Ministry of Education and Fine Arts, 1970).



•

•

131

Table 18

The Organization of the School System in Lebanon According to the Age of

the Student

Grade Age Number of Years spent

at each level

Kindergarten 4-5 2 years

Elementary 6-10 5 years

Lower secondary or 11-15 4 years

intermediate

Upper secondary 16-18 3 years

Note. From Almadrassat wa almoujtamak [School and society], by M. Awad,

S. Khoury, M. Jamoul, and N. Y. Kanbar, (2nd ed.), 1984, Beirut, Lebanon:

CERD; The official Lower Secondary School Pro~ams of Instruction (p. 217),

by Ministry of National Education and Fine Arts, 1970, Beirut, Lebanon:

Majalet Aisakafa.

Students graduating from Bacc 1in both the LaniUase and Literature

and in the Social Sciences can only go to the Philosophy section in Bacc II,

whereas students graduating from the Scientific section can choose any

sections from the above three ta continue with their education, so that these

last 3 years of secondary education constitute the key for specialization at

university level. A student who holds a Baccalaureate fi diploma in the
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Mathematics and Experimental Sciences can specialize in any areas of his/her

choice, whereas the holder of Bace II in the Philosophy section can only

specialize in arts, geography, history and a few other non-sdentific disciplines.

Table 19 below shows the possible paths through the Baccalaureate levels.

Table 19

Possible Paths Through the Baccalaureate Levels

Language & Social Sciences Scientific

Mathematics

medicine·, science,

Experimental 1

arts, geography,

Philosophyi

j
1 Post secondaryl

history, technology, arts

humanities geography, history,

humanities, etc.

•
Note. Students with mathematics at Bacc II need one more course in biology

if they wish to continue in medicine.
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For the year 1992-1993 Table 20 below gives student enrollment in

different types of schools (CERD, 1993). Statistical data on student enrollment

have not been regularly published, 50 that this compilation provides the Most

recent picture of student enrollment in the three required sections of study.

Table 20

Student Enrollment in Different Types of School for the Year 1992·1993

Type of school Level
Primary Lower Upper Total

secondary secondary

Public (%) 112397 (47) 79286 (34) 26307 (11) 239866

Private tuition (%) 146 691 (39) 106 200 (28) 39168 (10) 380202

Private free l (%) 87675 (25 ) 87675

Total (%) 346 763 (49) 185486 (26) 65475 (9) 707743

Note. From Statistics for General Education: The School Year 1992-1993), by

CERD, 1993, Beirut, Lebanon: Author.

i Free private schools or no tuition fees schools are those run by religious

groups, where religion occupies a prirnary place of study in the school.

This table aiso shows the percentage of each age group attending school.

According to El-Amine (1994) only 94% of children aged 5 - 9 years attend

schools. The absence of legislation on compulsory schooling for children

results in the postponed enroUrnent of sorne children in rural areas.
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In Lebanon, the length of the school year is approximately 200 days

divided into 2-3 terms. In the govemment guidelines there is no regulation

on the time for school openings. It is only mentioned that school be opened

from the end of September for school registration to the end of the following

June. However students usually start school before October 10th and continue

no later than June 20th. The date for opening and closing public schools is

dedded every year by the Ministry of Education. In the private school sector

opening and closing days are left to the school administration and in most

cases these schools open a few days after the public schools. The 200 days of

each school year include registration times and other activities. The actual

number of days of school instruction is around 160 days (Ministry of National

Education and Fine Arts, 1970; M. Vagi, personal communication, August 4

1994).

5tudents in Lebanon attend school 5 days per week. The average length

of the school day is generally 6 class periods and each period lasts about 55

minutes. The length of a period has been subject ta change during the war.

This was due to the faet that many schools were destroyed and sorne of them

were used by refugees for accommodation. Also the migration of many

families to secure areas obliged sorne schools to adopt 2 shifts per day to

accommodate aIl the students. As a consequence, sorne schools reduced the

length of a period from 55 ta 50 minutes and sometimes ta 45 minutes in

order to allow for a second shift (Kraidy, 1983).
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The length of the school day and the number of teaching days has an

implication for the amount of curriculum that can he covered. This will he

addressed in the recommendation, for change.

OassificatioD of Aims and Objectives

The aims and objectives of science education in Lebanon as stated in

the govemment guidelines for both secondary levels were analyzed and

classified according to the categories of aims and objectives generated in this

studyand described previously. An examinatian of the list of aims and

objectives shows that:

1. The aims and objectives are listed for the science syllabuses at each

schoollevel, and also for each individual science subject at the lower

secondary level.

2. Many of the stated aims and objectives are repeated more than once

in the same government document with sorne difference in the wording.

3. Sorne of the stated aims were confused, undear, and subject to

different interpretations. Therefore, it was sornetimes impossible ta dassify

sorne of them. An example is the following objective: "Ta make the child

able to get by himself the knowledge of an adult which conforms to his

intellectual maturity during ail the stages of his development" (Ministry of

National Education and Fine Arts, n.d, p. 273). This objective was taken to

mean "to make the child an autonomous learner, appropriate ta his maturity
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level" and was dassified as an affective objective although it would be

difficult for a science teacher to decipher.

4. Lebanese science curriculum emphasizes science as an academic

subject. At the lower secondary schoollevel, the curriculum provides a list of

science topies with a statement regarding the use of science process skills. At

the upper secondary level, the curriculum provides a list of science topies

with no mention of science process skills. According to a study canied out by

Aboujaoude et al (1995) on students and teachers' definitions and perceptions

of the purpose and usage of science, it appears that Lebanese middle school

students and their teachers have a restricted view of science. Most of them

defined sàence as an academic subject and perceived its purpose as to achieve

high grades in science that prepare them to attain high status science-related

professional careers. 5tudents and teachers aiso perceived themselves and

others using science in school-related setting and activities. The outcomes of

this study show that students and teachers' perceptions of science reflect what

the official Lebanese curriculum intends te do and te achieve.

Objectives in each demain are summarized in Table 21, page 137.



• Table 21

Cassification and Percentage of the Aims and Objectives of the Science

Curriculum in Lebanon in Each Category and Domain

Domains Objectives Number %

Science Content
Cognitive 3 18

Breadth and
1 6

Balance

Intellectual
4 24

Process

Total 8 48

Nature of Science
Affective 7 41

Application ta
1 6

Science

137

•

Total

Psychomotor

Total

Total

Manipulative

Skills

8

1

1

17

47

6

6

101
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The results of the analysis presented in Table 21 show the following:

Aims and objectives in the cognitive domain are the most common in

the Lebanese curriculum guidelines (48%). The aims and objectives in the

affective domain are almost as evident where they fonn 47% of the total aims

and objectives. In the psychomotor domain, aims and objectives are the least

prevalent, comprising only 6% of the total.

Thus the Lebanese curriculum emphasizes the cognitive and affective

domains, almost ta the exclusion of the psychomotor domaine

Tbe Pattern of Science Cuniçulum

Time allotted to the study of science

Science is studied in each grade at each schoollevel. At the lower

secondary level, science is compulsory for aIl students and optional science

courses do not existe Science is taught for three periods per week in grade 6, 7

and 8, and five periods in grade nine. Physical science is taught in grade 6,

followed by natural science (biology) in grade 7, an earth science (geology)

course in grade 8, and life science and nature of matter in grade 9 (Ministry of

National Education and Fine Arts, 1970; 1971). Table 22, page 139 shows the

distribution of the lower secondary school programs at each grade level.
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Lower Secondary School Program, Hours pel Week

School Subjects Grades~8 Grade 9

Arabic Language 7 6

Fine Arts 1 1

Foreign language 7 6

Geography and history 3 3

Mathematics 5 5

Pedagogy or Cîvic Education 1 1

Physical Education 2 2

Religious Education 1 1

Science 3 5

Total 30 30

Note. From Tahdeed manahej al-taaleem fi almarhalat almoutawasita [The

official Lower Secondary Schocl Programs of Instruction] (p. Z3S), by Ministry

of National Education and Fine Arts, 1970, Beirut, Lebanon: Majalet Aisakafa.

At the upper secondary level, science is also a compulsory school

subject for all students in the Social Sciences section (for general students),

whereas it is not required in the Langua&e and Literature section (general

•
students who wish to spedalize only in oid languages). In the Social Sciences

section, courses in chemistry and physics are offered at the Bace 1level (first

two years) followed by physics and biology for the Philosophy (general
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student). The time allotted to science at each level of the upper secondary

level varies from one year ta another. It goes from 3-4 periods per week at

Sacc 1level to 7 periods per week at Bacc II level. Table 23, page 141 shows the

time allotted for science courses for the general student.

Students in their final year of upper secondary level in the Language

and Literature section are required to devote as much as 23.33% of their time

to the study of science and yet they are not eligible to pursue any career in

scientific areas. Tables 24, 25 and 26 pages 142, 143, and 144 show the general

pattern of the secondary school program and the percentage of the time

devoted to science subjects for the general students in the school curricula.

This puts into question the purpose and content of the science curriculum for

language and literature students.
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Table 23

Approximate Tinte Allotment for Science Courses in Periodsl Weeki and per

Annum at Each Year of Each School Leve! for the General Student

Lower secondary Upper secondary

Bace 1 Bacc II

Section Social

Science

Philosophy

Year 1

No: of periods per week 3

Total of periods per week

for both the lower and

upper secondary levels

Total of hours per week

for both the lower and

upper secondary levels

Total of periods per

school year for both the

lower and upper

secondary levels

Total of heurs per scheel

year for both the lower

and upper secondary

levels

•

2

3

3

3

4

4

28

23.3

896

746.7

1

4

2

3

3

7
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Upper Secondary School Program Planned for the General Student (1st,2nd),

Schoal HourslWeek

Section Language & Literature Social Science

Year

Subject Matter 1st 2nd 1st 2nd

Arabie language and Literature 7 7 7 7

Foreign Language and Literature 7 7 7 7

Cid Language 4 5 0 a
History 2 2 2 2

Geography 2 2 2 2

Mathematics 3 3 3 3

Physics 0 0 2 2

Chemistry 0 0 2 2

Translation 2 1 1 2

Religious Studies and / or 1 1 2 2

Pedagogr

Physical Education and Fine Arts 3 3 3 3

Total Hours/Week 31 31 31 31

•

Note. From Tahdeed manahej al-taaleem fi almarhalat almoutawasita [The

official Lower Secondary School Programs of Instruction] (p.O), by Ministry of

National Education and Fine Arts, 1970, Beirut, Lebanon: Majalet Alsakafa;

Bouniet alnizam altarbaoui phi Loubnan: Dirasa naiouiah [The Educational

System in Lebanon] (p. 160-161) by M. Bashour, 1979, Beirut, Lebanon: CERD.

1 5ubjeet similar to civics and social sciences.
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Table 2S

Upper Secondary School Program Planned for the General Student (3rd Yeu),

Hours/Week as of 1968_

Section

Subjed Matter

Pedagogy

History of Arabie Philosophy

General Philosophy

Physics

Biology

His tory

Geography

Physical Education and Fine Arts

Total Hours/Week

Philosophyi

3rd Yeu

1

6

11

3

4

2

2

1

30

•

Note. From Tahdeed manahej al-taaleem fi almarhalat almoutawasita [The

official Lower Secondary School Programs of Instruction] (p.O), by Ministry of

National Education and Fine Arts, 1970, Beirut, Lebanon: Majalet Alsakafa;

Bouniet alnizam altarbaoui phi Loubnan: Dirasa naiouiah (The Educational

System in Lebanon] (p. 160-161) by M. Bashour, 1979, Beirut, Lebanon: CERD.

1 Students who succeed in Baccalaureate 1 in the Social Sciences and Laniuaie

and Literature sections can only go to Philosophy section for Baccalaureate II.
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Table 26

Percentage and Time Allobnent /Week of Science Teaching in the Upper

Secondary School in Lebanon for the General Student

Year Section

Language and Literature Social Sciences

Total % Total %

Year 1 a a 4 13

Year II a a 3 la

YearIll a 0 0 a

Philosophy

Total %

7 23

•

From tables 23,24, and 25, pages 141, 142, and 143, it appears that in

Lebanon at the upper secondary level, science is compulsory for aU students

with at least 10% of the timetable devoted to this subject.

Science courses gffered

At the lower and upper secondary levels, there are no optional courses.

However, optional sections exist, in which the program of study is structured

in a way to prepare the student for specialization in science or art subjects.

This is a reflection of the French curriculum and its impact on Lebanese

education. Each year of the lower secondary level, the students are offered a

new subjeet, for example: physical science at grade 6 followed by biology

(known as natura! science) at grade 7, earth science {Man and his
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environment) at grade 8, and finally at grade 9, two courses in Hfe science and

the nature of matter are offered.

At the upper secondary level, in the first two years, courses in

chemistry and physics are offered for the general student in the Social

Sciences sections. Physics, in addition te a biology course continue, to he

offered in the third year for student in the Philosophy section.

Content and structure of science courses offered al the secondan leve)

Ministry of Educational Guidelines in Lebanon define the content of

the science courses at each schoollevel. The following describes briefly the

content of science courses at the lower and upper secondary level. The science

content at these level will be presented in detail in Appendix F (p. 233-242).

The content of science courses at the lower secondary level is as

fol1ows:
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Table 21

The Content of Science at the Lower Secondary Level in Lebanon

Grade
Science subjects

1

Physical science

Content

heat and energy; water and its solution

science and scientists; force and machines

aspects of light, and sound; magnetism and

electricity

•

2

3

4

4

natural science

man and his

en vironment

life science

nature of matter

diversity among animaIs; diversi ty among

plants

physical environment; living environment

ceUs as the basic structure of living things;

how our bodies work; bacteria and heal th

genetic continuity

kinetic molecular theory; nature of matter;

structure of matter; carbon compounds
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The content of science subjects at the upper secondary level in Lebanon

is the following:

Table 28

The Content of Science at the Upper Secondary Level in Lebanon

•

Program
Science Subjects

Social Science
physics (year 1)

physics (year 2)

chemistry (year 1)

chemistry (year 2)

Philosophy

physics (year 3)

biology (year 3)

Content

mechanics; hydrostatics; heat

optics; magnetism; eleetricity; magnetic effects;

electric energy; chemical effects

Elements, molecules, atoms and compounds

chemical bonding; changes of matter;

symbols, formulae and Equations

ions, acids, bases and salts; oxidation, reduction;

chlorine, sulfur and related acids; sodium,

calcium and related hydroxides; aluminum and

iron

dynamics; vibratory origin of sound; reflection of

waves; interference of light; electromagnetic

induction; alternating currents; transportation of

electrical energy; electric Emission (radiation)

energy

cells and tissues; general organization of living

organisms; animal biology (zoology); plant

biology; general biology
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Science Requirement for Graduation (Grade 10-12)

During the first four years of secondary school education, aIl subjects,

including the sciences, are compulsory. However, in the senior years,

optional sections with different requirements in science are offered. The

minimum requirement in science is two chemistry, three physics and one

biology course. These are offered in the Social Sciences (Bacc 1) and the

Philosophy (Bacc II) sections

Science Subjeçt$ and Content for Advançed Slude"'s in Sçience

At the upper secondary level, two or more science courses are offered

for advanced students in science each year. Courses in chemistry and physics

are offered at bath year of the Bacc 1level (year 1 and 2) in the Scien tific

section. In the last year of upper secondary level (Bacc II), courses in

chemistry and physics for the Mathematics and Experimental Sciences

sections and one course in biology for the Experimental Sciences section are

offered.

The time allotted to sdence subjects at the upper secondary level for

advanced students in sdence varies from a minimum of 7 periods per week at

Bacc 1level ta la periods per week at Sacc II level. Table 29 page 149 shows the

time allotted to the study of science by advanced students.
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Table 29

Time Allotted to Science Subjects at Year 1and Il of the Upper Secondary

School Level for Advanced Students in PeriodslWeek and Percentage of Total

Time

Section Mathematics

Year

Experimental

Sciences

Subject Matter lst 2nd 3rd

Chemistry 3 (9.7) 3 (9.7) 4 (13.3)
#Of periods (%)

Physics 4 (12.9) 4 (12.9) 6 (20)
#Of periods (%)

Biology
#Of periods (%)

Total 7 (22.6) 7 (22.6) 10 (33.33)
#Of periods (%)

3rd

4 (13.3)

6 (20)

5 06.7)

15 (50)

•

Science courses offered for advanced students in sdence have certain

similarities in content with those offered for general students for the same

year and at the same level. For example in the first year of upper secondary

level the content of physics course is the same for bath general and advanced

students, although the content of the chemistry course is different at this

level.

In the Scientific section tapies are more diverse and presented in a way

that demand the learning of detailed content than in those of the Social

Science section. In the second year, the main tapies in physics and chemistry
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are studied in bath Social Science and Scientific sections but with more

variation and complexity in the Scientific section. In the third year of the

upper secondary school level the content of physics and chemistry courses is

the same for the Mathematics and Experimental Sciences sections. However

it is considerably different from the physics course offered for the Philosophy

section. Table 30, page 151 presents the content of science subjects for

advanced students in sdence. Appendix G (p. 243-262) will present the

content in detail.

In summary, a great variety of science courses is offered for advanced

students in science. Despite the fact that the science courses planned for

advanced students in science have content similar to those offered for general

students, advanced students study science in greater depth, with more

diversity and eomplexity of content. The content of sdence courses planned

for bath general and advanced student is presented in a traditional manner in

the form of a collection of science tapies that are oid and irrelevant to the

students' needs and interest. This content will be compared with the other

three countries later in this chapter.
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Table 30

Science Content for Advanced Students in Science

Program
Science Subjects

Scientific

physics (year 1)

physics (year 2)

chemistry (year 1)

ehemistry (year 2)

Content

(see Table 28)

(see Table 28 with more emphasis on: optics,

electricity, magnetism, magnetie effects, and

eleetromagnetism); calorie and ehemieal effeets ;

eleetric energy, and it measurement

(see Table 28) with the addition of:

atomie and ionie radii; coordinate bonds; matter

and energy; ealculation of composition by mass

and volume; heavy water; carbon family

(see Table 28) with the addition of properties of

solutions; theory of ionization; halogens; sulfur

and nitrogen family; copper

Mathematics /Experimentai Science

physics (year 3) dynamics, heat, optics and electricity

ehemistry (year 3) physicai chemistry; organic chemistry

•

Experimental Science

biology (year 3) (see Table 28) with the addition of:

endocrine glands, digestion and the sense organs;

mineraI and organic nutrition of plants; primary

and secondary structure of different organs;

theory of chromosomes; pollination and fruit

formation; structure and germination of the seed
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T,acbina Stratcsics

The official instructional guide for programs of science at the four years

of lower secondary schoollevel stresses the importance of practical work in

science teaching. In this context, teaching strategies are expected ta be flexible

so that students are given ample time for experimental work and activities.

This would allow students to develop their manipulative skills and

intellectual talents (Zogheib & Habib, 1983).

It is further suggested that instruction of science at the secondary level

he diverse and characterized by approaches and procedures that balance

concrete and abstract, observation and reasoning, deduction and induction

and between various forms of memory. These approaches to teaching science

content are considered beneficial in terms of increased motivation, student

encouragement and promoting paired and group activities. As a result,

students participate as much as possible in their own academic development.

They can acquire a taste for sodal efficacy at the same time as they get a feeling

for personal improvement (Ministry of National Education and Fine Arts,

n.d).

Although the instructional guide stresses the importance of practical

work in science teaching it is for the teacher to decide what teaching method

will he suitable (Ministry of National Education and Fine Arts, n.d). It has

been the researcher's observation that teachers do not have the background

and are not prepared to do it. Furthermore the use of library facilities and the
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use of free reading in science research projects are not among the suggested

teaching strategies. This may be due to the facts that the majority of schools

lack libraries and that students are not prepared to do outside reading and

personal work.

A doser examinatian of the instructional guide shows that the

problems and processes of science are not stressed and the suggested practical

aetivities are not challenging or provocative. Moreover these instructional

guides tell students everything they are supposed to know leaving hardly

anything new for them to find out. In light of what is known about how

students construct their own knowledge and aIl the important contributions

that science education can make, such as the development of scientific

attitudes, interest, apprecîation and practical skills, it is unfortunate that these

contributions are not present in the teaching and leaming situations stated in

the instructional guide (Bashour, 1979).

It is probable that the apparent lack of intellectual stimulation in the

instructional guide has led to teaching methods which are more traditionally

oriented. As the study by Badro et al (1980) indicates, the methods Most

frequently used in Lebanon are teacher lectures and explanation, teacher-led

discussions and, to a much lesser extent, teacher demonstra tions with

equipment. These methods of teaching are probably still in use in the postwar

period (M. Yagi, personal communication, August 4, 1994). There have not

been enough changes in teacher education to have any large effect on

methodology.
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There seems to be a contradiction between suggested teaching methods

and the practical work prescribed in the Ministry of Education's official

instructional guides accompanying the science programs. For instance, the

prescribed practical work recommends that experiments he conducted by

teachers. It also goes on ta say that a "g00d experiment" is the one that is

convindng, hence weIl-chosen, and that the experiment should work because

failure is "awfuln (Ministry of National Education and Fine Arts, n.d, p. 277).

This apparent contradiction between prescribed praetical work and suggested

teaching methods prevents teachers from exposing students to the scientific

method.

In summary, teaching methods at aIllevels of secondary education

vary with the school and the teacher, ranging from traditional in most

schools, ta the most modem of methods in very few exceptional in spite of

the fact that the official guide is very prescriptive (Kraidy, 1983).

Examinations

The promotion of a student to a higher grade is dedded by the class

teacher, except at the age of 15, and 18 where official national examinations

are administered. At the age of 15, students May sît for the "Brevet d'Études

Moyennes" diploma examination (aiso called Lower Secondary School

Certification or "Lebanese Brevet't) which entitles its holder ta enter technical

schools or to continue their education in arts or in science (Kraidy, 1983;

Boujaoude, et al, 1995). It is taken at the end of the fourth year of lower
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secondary school (grade 9). The national examinations are norm.-referenced

tests, rather than a measure of the achievement of each student (Obeid, 1983).

The Lower Secondary School Certification or "Lebanese Brevet" is

divided into 2 sections: Scientific and Literature. Students in both sections

study the same curriculum in the same class and sit for the same exam;

however, they are credited differently. The exam covers the final four years

except for sàence, history, geography and àvic education where the exam

only covers the last year (Grade 9).

The passing of the Baccalaureate Diploma Examination (age 18) is

required for university entrance. The Lebanese Baccalaureate is a national

examination, administered by the Ministry of Education and is the only high

school certificate recognized in the country. It is the "Ticket" for university

entrance (Kraidy &t Fares 1984) and civil service jobs. It aIse enables students

ta be admitted to European universities, especially those in France. It was

instituted during the French Mandate on the model of the French

Baccalaureate. It is administered at the end of the third year (Lebanese

Baccalaureate Part U) (grade 12) of upper secondary schooI. The study program

of the Lebanese Baccalaureate aise follows dosely its French equivalent

(I<raidy & Fares, 1984).

Written examinations in physics and chemistry are compuisory in the

Scientific and Social Sciences sections of the Lebanese Baccalaureate (part 1)

and in the Mathematics and Experimental Sciences sections of the Lebanese

Baccalaureate (part m. Only the physics examination is compulsory in the
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Philosophy section of the Lebanese Baccalaureate. In addition, there are no

oral or laboratory examinations. Each of these examinations comprises two

parts: the first is a set of theory questions of which the student has to answer a

given number, the second is a compulsory problem with several questions

which usually have to he solved in a given sequence. These two parts are

given equal weighting.

The style of the national examination has had a strong influence on the

orientation of students' work and on the school examination process in the

whole country. The Lebanese Baccalaureate is generally regarded as a useful

means of assessing students' achievements in the heterogeneous school

system in Lebanon (Aboujaoude, et al, 1995; Kraidy & Fares, 1984). The

Baccalaureate examinations have been under criticism in that they have nct

evolved significantly since they were established in the 1930s. The test

instruments in science emphasize knowledge level objectives and encourage

students to memorize facts. The evaluation procedures are highly selective

with a rate of failure varying between 40% and 90%. FinaIly, while they are

given exaggerated importance, the validity and reliability of these evaluation

procedures are debatable (Kraidy, 1983; Kraidy & Fares, 1984).

Success and achievement in science in official examinations are the

priority of Lebanese parents since success is considered to be important for

obtaining a professional science-related degree that leads to high status careers

and high incarne. While there are no official exarninations at grade 7, 8, 9 and

11, school administrators and teachers struggle to complete the requirements
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of the science curriculum and try to provide students at these levels with the

knowledge and skills that help them to pass the official examination and

achieve high grades later on.

Summary of Govemment Policies in Science Education in L,banon compared

witb tbos, in tbe V.S.A" V.Ku and lapan

This chapter has described government policies dealing with the school

science curriculum in Lebanon. The description dealt with the following: the

system structure and organization; the aims and objectives of the curriculum;

the science instructional guidelines; the science content; teaching methods

and approaches; and finally the system of examinations. These polides will

now be summarized and compared with those in the other three countries.

System structure and o[ganization

In Lebanon, education is not compulsory at any schoollevel, in

contrast to the U.S.A., U.I<., and Japan where the minimum requirement for

student attendance in school is at least up ta the age of 15. Also, the time

spent in school for teaching is around 160 days, whereas, in the countries

studied student attendance varies between 180 and 245 days.
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Aims and objectives

A comparison of the official statements of aims and objectives as stated

in the official syllabus of the selected developed countries and Lebanon, has

shawn the following:

1. In Lebanon, a majority of the aims and objectives of the secondary

school science as stated in Lebanese instructional guidelines are vague,

carelessly stated in very general terms, and open to broad interpretation. This

is in contrast with the other countries where objectives and aims are simply

stated and clearly spedfied. It is difficult to see how science teacher in

Lebanon can achieve the required emphasis without guiding principles. This

lack of guiding prindples could he due to the fact that Lebanese education

since the colonial period has been influenced by the French system. The

science curriculum in use in schools today is still the one developed in 1968

(for upper secondary leve1) and 1970 (for lower secondary level), which

explains the continuing influence of the French system in Lebanese

education. As a result of this influence, and the intervention of the war,

Lebanese authorities have not yet formulated an explicit statement of a

science education policy which would clarify the role, significance and

contributions of science education at each schoollevel. Further, there is no

serious consideration of science in the school curriculum. For example, there

is no indication of content that should be stressed in science teaching.
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2. Certain aims and objectives considered important in policy for the

teaching of science in other countries are not emphasized in the Lebanese

policies for science education. These aims are:

• To stress the use of process skills and the scientific method through the

development of inquiry into common things and experiences;

• To develop a positive attitude toward nature and scientific discovery;

• To understand the role and significance of science in modem society. This

understanding is regarded as very important at the secondary level in the

three countries studied. There appears ta be an increasing awareness

among science educators of the need to teach students about the

relationship between science and society;

• Ta apply science/ technology objectives. Examples are the practical

applications of science (the products of engineering and technology) and

the "process skills lt used by engineers or technologists. These aims are

strongly emphasized in aIl the State Education Department guidelines, but

are nonexistent in the Lebanese guidelines. The lack of these aims in

Lebanese curricula may be due to the fact that curriculum has nat been

revised since 1968, whereas in the selected countries, curriculum materials

have been revised more recently.

• To help students at the upper secondary level to dedde on a future career,

and provide basic training and preparation for il. This objective involves

the development of charaeteristics or qualities such as creativity and a
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sense of responsibility and cooperation. In aIl the countries studied,

official guidelines attach increasing importance to career education in

order ta increase young people's awareness of further education and career

opportunities;

3. The instructional guidelines in Lebanon often appear in the form of

a simple list of textbook chapters to be studied. There are no suggestions for

the teachers as ta the amount of time to be spent on each tapies the depth of

treatment, or the instructional materials ta be used in the teaching of specifie

tapies. The teacher is thus responsible far determining these components of

the teaching process, which puts an extra load on the teaeher.

rime Spent on Science

A large amount of time in the school timetable is devoted to the study

of science in Lebanon. It varies from 10% of the total school time at the lower

secondary level to 50% at the upper secondary level, depending on the level

and the section chosen by the student. This would be laudable if the science

content were worthy of 50 much time, but as this chapter has shown, the

content is questionable. In all the four countries included in this study, the

minimum amount of instructional time spent on each science subject or

course is specified by the State Education Department. This time is

approximately 400 ta 500 hours at the secandary level in the three countries

selected for comparison. In Lebanon it is a minimum of 750 hours at the

same level. This shows that a big fraction of the school timetable in Lebanon
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is devoted to science subjects, al though these subjects are a collection of topics

of doubtful suitability. The 750 hours of science requirement at the secondary

level also causes sorne imbalance among the other school subjects. As seen

from the analysis, the selected developed countries have a more balanced

school curriculum, with more appropriate topics in each science subject.

Science subject offerinp

In Lebanon, science course selection is restricted to physics, chemistry

and biology. A different science course is offered each year at the lower

secondary level with the exception of grade 9, where two courses are offered.

Courses in two or more of the above science disciplines are offered each year

at the upper secondary level depending on the optional sections chosen by the

student. No science courses are offered beyond those that are compulsory in

each section. In the U.S.A., V.K. and lapan, a basic core of science is offered

throughout the school years, beginning with an integrated science program in

the early years of secondary education, continuing with a graduaI move

towards separate science courses during the middle years, and concluding

with separate courses in physics, chemistry and biology in the senior years. In

addition, each country offers a variety of alternative courses at the senior

level, such as astronomy, botany, zoology, physiology, hygiene, ecology,

environment, combined courses in two or more of the three main science

subjects, and courses in interdisciplinary scientific areas.
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Science subject content

In Lebanon the Ministry guidelines define the objectives and the

content of the science courses in the most explicit way. In contrast ta other

countries studied, the content of science courses offered at the lower and

upper secondary schoollevels in Lebanon is in the form of a collection of

topics ta he presented randomly by the teacher and studied by the student.

Any logical sequence and continuity between a specifie topic and the

following topic is therefore absent. There seems to be no coordination among

topics and no coneem for whether students have the necessary background to

understand the topic or the subject in question. The amount of information

to be covered in each subject is enormous for the time allotted ta i t,

consequently, there is no extra time for the teacher to add materials that are of

interest to the students or to test teaching materials for feedhack and revision.

In addition, there is a lack of topics dealing with the application of

science and technology in society. A number of guidelines in the selected

developed countries refer ta the need ta relate science ta social studies.

Science is integrated with other subjects such as environmental studies,

technology, and sex education, hygiene, drugs, alcohol and tobacco, and their

effeet on the body, astronomy, science integrated technology (biotechnology,

genetic engineering), and topics dealing with science invention, the methods

and process of science are integrated. This integration is absent in the science

curriculum in Lebanon.
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Also, there is no relationship between school science content and

students' everyday experiences outside school. The explanation for this as

stated earlier in this chapter, is that the Lebanese secondary science

curriculum is oId, and when the curriculum was designed science education

placed more emphasis on basic science courses than on the application of

sdence. Science content should be revised frequently to meet the needs of

bath students and sodety, bath of which are subject ta change. The content of

sdence courses in Lebanon is old, out of date, irrelevant to the needs and

interest of students, and needs to he revised in order to follow new advances

in sdence and science teaching.

Scjence requirement for gaduatjon

At the beginning levels of secondary education science is mandatory for

aIl countries in this study, inc1uding Lebanon. At the senior level, where

greater course selection is permitted, science is a requirement at grade 10 in

the U.S.A., U.K., and Japan. However, in Lebanon where the senior years are

divided into three sections at least two sdence courses are required each year

for students in aU three sections. 50 while science requirement for high

schocl graduation in the U.S.A., V.K., and Japan is three ta four courses, in

Lebanon the minimum science requirement for high school graduation is

eleven courses. This emphasis on science makes the need for curriculum

reform even more pressing.
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Strate&ies for science teachina

Ta achieve a variety of educational aims, a corresponding variety of

teaching strategies is required. This study examined curriculum guidelines

that prescribed strategies for the achievement of stated aims. In general,

guidelines provide few strategies for teachers. The methodology Most

frequently emphasized and used in Lebanon is lecture and explanation, and

teacher-led discussion. The activities emphasized are mainly observation and

demonstration with equipment. Several guidelines in the selected countries

stress an "activity approach" based on constructivism in contrast ta Lebanon

where the problems and processes of science are not stressed. The

development of skills in problem-solving, development of interests,

appreciation and practical skills are not given any emphasis in curriculum

guidelines in Lebanon, although they are in other countries. This has

implications for the teaching strategies employed to deliver the curriculum

System of examinatioDs

In-school evaluations in Lebanon involve examinations, course work,

oral tests and written tests ta assess aspects of scientific achievement. The

official public examination for graduation is restricted ta written testing.

Even laboratory work is tested by paper and pencil tests in an examination

room, not in the laboratory. Students are aIse required to answer questions

based on practical work, but they are expected to provide answers based on

memorizatian, nat ta do experiments during the examination. The theory
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questions of the examinations are usually concentrated on one area of the

curriculum. Course work, oral tests and written tests, as weIl as public

examinations are mainly concerned with evaluating the students' ability to

repeat facts, not their ability to understand the underlying basic principles and

to see significant relationships. Rarely is there concern with students' abilities

to apply facts and principles to everyday situations as the case of the U.S.A.,

U.K., and lapan. In contrast with these countries, the school examination

system in Lebanon focuses mainly on selecting students for further study, not

on evaluating and testing students' leaming and achievements while they are

in school.

Curriculum lUideline [eyjsioD

In aIl the countries selected for this study, curriculum guides at aIl

levels have been undergoing revision during the past few years. Rarely do

ministry officiaIs act alone in revising guideline documents. Usually an "ad

hoc" committee involving university scientists, science education facilities

and associations and organizations such as teachers', parents', the business

community and other outside stakeholders, become directly involved in

science curriculum policy deliberation. New revision in the countries studied

is always subject to trial before implementation. In Lebanon, science curricula

and programs in schooLs have not been subject to change since 1968 for the

upper secondary schools and since 1970 for the Lower secondary Level. The

members of the committee who are involved in the revision of science
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programs are usually chosen from the CERD staff and are mainly teachers,

educators and administrators. No involvement from industry, business,

parents and others is provided.

Problems and Needs

This analysis of bath lower and upper secondary levei and the

comparison with countries that have exemplary science programs has

identified major problems to he resolved in any serious effort to modemize

schooi science in Lebanon. Aiso emerging from this analysis is the need ta

plan for science curriculum renewal in schools, and a series of measures to he

taken. Following the pattern established earlier in the study, the problems

will he summarized under the following categories: system structure; aims

and objectives; pattern of the science curriculum; science requirements for

graduation; teaching strategies; and student examination policy. This will

lead to a series of recommendations which will be outlined in Chapter 6.

System structure and oraauizatiou

Education in Lebanon is highly centralized with the Ministry of

Education having total responsibility. Parents, students and community are

not involved in making decisions about what should be learned and taught

in schooIs, nor how it shouid be leamed and taught. There is aIse no

Iegislation on compulsory education as is the case in the other three studied

countries.
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Aims and objectives

5ince aims and objectives are not dearly specified in the Lebanese

guidelines, they are open ta broad interpretation. The main focus of existing

science curriculum in Lebanon is on academic preparation and what students

need to know ta become medical doctors and engineers to achieve higher

social status. Aims and objectives that are considered important policy

conceming the teaching of science in the other three countries studied are not

stressed in Lebanese policies. For example, there is an absence of aims and

objectives stressing the need ta relate science ta social studies; career

education is not emphasized; there is a lack of aims that {aster positive

attitudes and develop skiIls for practical applications of science. The Lebanese

objectives rarely incorporate students' everyday experience that can improve

knowledge and skills and apply them ta deal with everyday problems and

issues as is the case in the three countries. Although the percentage of aims

and objectives in Lebanon in each of the cognitive, affective and psych<?

motor domains is similar to those in the studied countries, the content of

each domain has different emphasis in the Lebanese curriculum.

Pattern of tbe science çyaiçylum

Opportunities for providing adequate and balanced science courses at

each schoollevel and for each group of students are lacking. The ministry

guidelines define the content of science courses in the most explicit way. In

each science subject a collection of tapies in that subject area presented
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without any logical sequence, defines the content. There are no optional

science courses designed ta meet the needs of general students, ta stress the

application of science to everyday experience, and ta relate aspects of science

and technology to sodetal issues.

Science requirement for &raduation

Science content, although inadequate and unsuitable, is nevertheless

compulsory for non-science students in Lebanon at allievels of secondary

school, whereas in the three developed countries studied, science is not a

compulsory subject after grade 9 or 10.

T,acbina strateaies

The centralized educational system aiso has an impact on teaching

strategies. Ali aspects of teaching and leaming are under the control of the

Ministry of Education. The system does not leave any flexibility ta the schocl

or teacher in presenting the content. Course content has to be covered as a

whole, since the students sit for the official examinatians at the end of lower

secondary schoollevel, as weIl as Baccalaureates 1and II. The amount of

information ta be covered in each subjeet is enormous for the allotted time.

As a consequence, there is no extra time for additional materials of interest ta

the students and no opportunity for the teacher ta test new or improved

teaching materials for feedback and revision. Finally, not much emphasis is
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put on problem-solving approaches and use of sdentific methods in teaching.

Scientific concepts are not presented in an interesting manner.

Examjnation poliçy

The examination system is ineffective and highly selective, aimed at

choosing the most able student, not at testing student learning and

achievement. It emphasizes knowledge level objectives and encourages

students to memorize fads. With such a system of examinatians in place,

opportunities ta continue education are limited only ta the most able student.

Summary

This chapter has identified problems with a number of aspects of the

Lebanese science curriculum poHcy compared with policies in three

developed countries. It has shawn the need for reform in structure and

organization of the system, aims and objectives, pattern of the science

curriculum, science requirement for graduation, teaching strategies and

examination policy.

There is a need to reformulate a new science education policy which

would clarify the raIe, significance, and contributions of science education at

each schoollevel. This would necessitate sorne consideration of the place of

science in the school curriculum, in order to indicate the stress to be put on

various aims of science teaching. Finally there is a need ta evaluate student

learning appropriately.
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In the next chapter recommendations based on the results of

comparing science education polices in Lebanon with science education

polides in the U.S.A., U.K., and Japan will be proposed for the solution of

identified problems in Lebanon. These recommendations will he formulated

to provide a strategy for curriculum development for general and advanced

student in science at the secondary schoollevel in Lebanon.
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Chapter 6 Summary and Conclusions

The purpose of this study was to examine and analyze sdence

curriculum palides in three selected developed countries (U.S.A., V.K., and

lapan) in order to compare them with those of Lebanon, to draw

recommendations to improve Lebanese science curriculum policies. The

analysis wa~ based on govemment documents, research and studies in the

field, and UNESCO work. Curriculum polides, as published in the

curriculum guideline or in the national curriculum in each of the selected

developed countries, provided the data for the study. These data were

categorized, analyzed and compared with similar data collected from Lebanon

and problems with the Lebanese curriculum were identified. This chapter

will propose recommendations for the solution of the identified problems by

outlining basic strategies to develop a new sdence curriculum for general and

advanced students in science at the secondary schoollevel in Lebanon.

BeçommendatioDs toward a StratelY for Cunjçylum Development

There is a need ta reform the science education policy in Lebanon. This

could be accomplished if the Center for Educational Research and

Development (CERD) and those responsible for education in Lebanon were to

direct their attention to reformulate the goals and objectives of science

teaching and learning. There is also a need to re-examine the time allotted te
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the science curriculum at various levels. The science subjects offered and the

content of school science courses must he rationalized for students with

different abilities, needs and interests. It would also be appropriate to re­

examine the amount of detail that students are expected to retain, 50 that,

content considered irrelevant to the needs of both general and advanced

students in science would he removed from the curriculum. This section will

outiine the basic steps to be taken ta develop a new curriculum for the lower

and upper secondary school in Lebanon based on characteristic fea tures in the

three developed countries. There is a body of evidence that caution should he

taken in transferring curriculum or materials from one culture ta another,

although it appears that the Japanese have made use of science materials

produced in the U.S.A. and adapted them to their culture and their schools.

This caution is proposed by Howson IIDuring the 19605 project materials were

translated and transferred between countries with insuffident thought given

to the social, educational and cultural differences involved" (International

Congress on Mathematical Education, 1977, p. 205). Thus, this chapter does

not advocate the transfer of particular content from the science curricula of

the three countries. Rather, it proposes the adoption of relevant features of

the organization, structure and philosophy of the science curricula of these

countries. Recommendations for curriculum development in Lebanon are

presented in the same pattern used earlier in this study and address features

considered to be important for reformed science curriculum policy in

Lebanon
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System structure and olaanization

From observations of educational systems in many countries, it should

be recognized that education is a shared responsibility of government,

schools, students and parents. AIl should be involved in the decision

making. Support from business, community, social and other organizations

is also needed in order to set up public school curricula for suceess by

facilitating the transition between education and work. There should also be

appropriate legislation to insure that a quality curricular frameworks exist. Ta

aecomplish this, representatives of government, educational policymakers,

local school systems, public and private colleges and universities, parents,

community..based organizations, local industries and businesses should ail

take part in the development of new currieula through participation,

comments and suggestions. The CERD and those responsible for education

should clearly identify the components to be addressed in science curriculum

reform, set strategie plans with goals, objectives, activities, timelines, and

responsibilities assigned, and provide technical assistance to help schools

implement reform.

The ultimate goal for the new curriculum should be that aIl students

have opportunities to learn and ta improve their performance in science in

all grades at the seeondary schoal level. There should he a system in place to

track program and student progress from 7th grade through 12th grade. The

data gathered by this process should be used in comparative analyses ta
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evaluate the progress and the efficiency of the new curriculum, rather than ta

evaluate student learning and achievement.

Compulsory education in Lebanon should also require minimum

student attendance in school up to the age of 15, the current minimum

requirement in ail three studied countries. Finally, time spent in school

should be increased from 160 days, a much shorter rime than in the selected

countries studied, where student attendance varies between 180 and 245 days.

In short, students, parents, teachers, employers, labor and community

leaders should he involved in every aspect of the new curriculume They

should work together to develop a clear vision, and common goals for new

directions in science education, and to promote action for curriculum

improvement. This should be done with the goal of developing curriculum

appropriate ta the needs of aIl students.

Aims and objectives

The quality and relevance of schooling is critical to the future of the

student and the society. There must therefore be balance in the goals of

education. Preparing for the world of work, citizenship, personal

development and preparing future scientists must aIl have their place in a

revised curriculume

Curriculum innovation in science should be conducted and made an

on-going process. There is a need for clear well-stated educational goals and

objectives to be achieved at each level of education, in each type of school.
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These goals and objectives must be translated into a functional curriculum

and plan of action for each level or type of school. The main aims of science

teaching at the lower and upper secondary levels should be te prepare aIl

students for future lHe.

Science curriculum in Lebanen should be designed net only ta prepare

medical doctors and engineers, but also scientifically literate individuals who

can function in an increasingly technological society. ln a society where

students ara confronted with environmental problems, the purpose of science

education should not only focus on academic preparation for further careers

in science and achieving higher sodal status, but should also put more

emphasis on aims and objectives that help students in solving every day

problems

Science curriculum in Lebanon needs to be more concemed with the

development of practical skills, scientific attitudes, interests, and appreciation.

There is the need ta emphasize the understanding of scientific concepts and

principles and their applications, and put less importance on the acquisition

of detailed factual information. These skills will help students to apply their

acquired knowledge in the world of work, to meet national priorities and

needs, and to develop respect for and positive attitudes towards nature, skills

and outcomes that are considered to be important by the three studied

countries.
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Pattern of the science curriculum

There is a need for a new science curriculum in Lebanon that would

meet the needs of students in todayfs society, and still be appropriate for

general students. Planning for science curriculum renewal at the lower and

upper secondary leveis shouid be directed to the needs of each of the

following groups: a) those who will either leave school altogether after lower

secondary level, or will go on ta commercial, technical or other vocational

training; (b) those who will proceed to upper secondary level to join the arts

stream; and (c) those who will proceed to upper secondary level with

intention of becoming science specialists. Two curricula should therefore he

designed and developed. The first science curriculum should be planned to

suit the students who either leave school at the end of secondary level and

enter the workpiace, or those who continue their further education in

nonscience disciplines. The second curriculum should prepare those

intending to be specialists for further study in science, as is the case for the

upper secondary curriculum in the three studied countries. There is the need

ta provide a variety of optional science courses in the timetable to suit the

needs for the general as weIl as the specialized students.

The three countries studied offer a basic core of science throughout the

schooi years, beginning with an integrated science program in the early years

of secondary education and continuing with a graduaI move towards separate

science courses during the middle years, and concluding with separate courses
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in physics, chemistry and biology in the senior years. This science curriculum

pattern, if adopted in Lebanon, would introduce aIl students to the basic

disciplines of science through integrated subjects. Then, students are prepared

gradually to deepen their scientific knowledge in separate science courses. In

addition, in the three studied countries, a variety of alternative courses at the

senior level are offered and should be part of the curriculum in Lebanon.

Astronomy, botany, zoology, physiology, hygiene, ecology, environment,

combined courses in two or more of the three main science subjects, and

courses in interdisciplinary scientific areas should he offered. Among the

non-science majors at upper secondary level, many students take science

without wishing ta make a career of it. For these students, an integrated

sdence course that combines aIl the sdence disciplines and shows a dear,

relevant and balanced picture of technological and scientific enterprise would

he rnost suitable. The time allotted to the study of compulsory science for the

general student should not need to exceed 500 hours as is the case in the three

developed countries. This would allow for a balance among aU subjects,

important in the education of generalists.

Care should be taken to avoid the presentation of any science syllabus

as a list of individual topics or units of subject matter. Rather, it should

comprise a listing of:

1. the tools of science that the student is expeeted to be able ta use

correctly and skillfully during the course;
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2. the techniques of science that the student is expected to be able to

understand and apply correctIy;

3. the attitudes and problem-solving abilities that the science course

should foster;

4. the facts, concepts and principles that the student is expected to

understand, and whenever possible to apply or utilize in daily life;

5. the relevant information necessary to understand and appreciate

science as a profession, and to acquaint students with sorne science­

based careers, and aspects of the role of science in the economic, social

and industrial development of Lebanon.

There should be regular revision and updating of the content of

science. As mentioned earlier, in Chapters 2 and 4, the trend in science

curriculum is toward the inclusion of areas that stress the application of

science to everyday experience. As recommended by the International

Program for Environmental Education (IPEE), attention should be paid to

incorporating environmental topies inta the science programs planned for

general students at the secondary level. In addition, as in the three studied

countries, effort should be made to integrate technological topies within

science courses, and to link these topies to reallife situations. This would

have the effect of improving educational relevance to society, increasing

productivity and ameliorating the quality of life, at a time when it is greatly

needed.
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Science requirement for araduation

Tao much science is offered at the upper secondary level and required

for graduation. Students in the non-science sections are required to study

compulsory courses in physics, chemistry and biology with no options

provided. Science curricula should be a planned to suit students of aIl

abilities at all schoollevels. Therefore, compulsory science course offerings at

the lower secondary levels need to be integrated. Students should he

introduced to aIl science courses at the lower secondary level. Science could

then be taught as separate disciplines in the upper secondary level with no

more than one science course required for graduation as is the case in the

three selected countries. The illustration on page 180 generalizes the

suggested science courses that should be required for graduation for both the

general and advanced student in science.
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Lower secondary level
Grades 6, 7, 8 and 9

In tegrated sciences

U:,per secondary leve
Grades 10, Il, and 12

Biology
Physics

Chemistry
Combined
Integrated

Other

Teacbinl stratelies.

General Student
One cou rse during

three years

~anced student
At least one course

each year

•

There should he reform of the very highly centralized system for

science curricula in Lebanon. Schools and teachers should have certain

flexibility in teaching science subjeets, choosing the materials, and the ability

to revise their materials according to the needs and the interests of the

students. Scientific concepts must be presented in an interesting manner with

more emphasis on a problem..solving approach to teaching, on the scientific
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method and on the students' learning experiences. A program of research

should be established to find new teaching techniques, inexpensive lab

apparatus, and to develop teacher guides and programmed instruction.

Two approaches in teaching at the secondary schoollevels that are

emphasized in recent research which have proved effective in teaching

science are recommended for the new guidelines and curriculum reform. The

first approach places emphasis on the constructivist approach to teaching and

learning secondary school science. As mentioned in Chapter 2, in this model

students construct their own knowledge, and control their own leaming.

This model helps the teacher to stimulate students' leaming by involving

them in decision making, 50 they can participate actively in all kind of

learning situations, applying their developing knowledge and skills as weIl as

sharing information and ideas.

The second approach is Cooperative leaming which is defined as an

instructional format in which students work together ta achieve a particular

goal or complete a task. As mentioned earlier in Chapter 2, cooperative

leaming enhances social skills among students; fosters learning, self-esteem,

and positive attitudes toward school and c1assmates; and encourages

development of higher-level intellectual skills. As stated by Johnson and

Johnson (1996) cooperative leaming has been found to be uniquely suited for

science courses, and is a powerful taol to prepare students to live in an

interdependent, diverse and rapidly changing world
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If these two approaches to science teaching and learning in Lebanon are

incorporated into science curriculum they will contribute to students'

learning and achievement by making science classes more enjoyable and by

fostering positive attitudes toward science. The implications for teacher

preparation and training of such an advance, will be discussed briefly at the

end of this chapter, although a detailed consideration of this tapic is beyond

the scope of the study.

A very important aspect of the process of leaming that should be

considered central in any approach to science teaching is practical science. It is

valuable for both potential scientists and future non-scientists as it develops

skills, coordination and reasoning. It also makes the study of science more

interesting and more intelligible. The three studied countries emphasized

practical work in their science programs. They believe that the best kind of

learning is the one associated with practicing. Such practice takes place

through students' investigations. It demands the active participation of

students and with it they feel responsible for the outcomes of what they

experience. This kind of leaming increases the potential of student

remembering, enables them to understand better the nature of scientific

enterprise and helps them to develop problem-solving skills. Students in

Lebanon should be actively involved in leaming science. Practical science

gives them the opportunity ta think, formulate hypothesis, verify, share and

discuss results, and apply what they leam ta other situations outside the

school. In other words, practical science is a simple and positive way ta
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investigate scientific concepts in a lifelike manner. Teachers should assist

students in planning and designing their practical activities in order ta

facilitate learning and achieve their instructianal goals. In practical science,

students should have many and varied oppartunities for observing, note

taking and sketching; collecting, sorting, recording data, and drawing graphs;

dissecting, using hand lenses and microscopes, and exploring the chernical

properties of common substances; cultivating plants, and observing behavior

of humans and other animaIs. Students can use non-expensive rnaterials to

carry on their investigations and leam about science by working with real

materials and phenomena and experiencing their biological and physical

environment. Finally the use of well designed audio-visual materials in

science teaching can make leaming more appealing, interesting and relevant

to students.

Students' examinatioDS

The need for more and better techniques for assessing students'

achievement in science is recommended. Practical assessment in science

should be included in the final examination undertaken in school and then

induded in the final evaluation. Assessment items in the official

examinatian should only test what the objective are designed to achieve,

assessment items need to be more practical and understandable. 5ince

classroom examination strategies should he consistent with instructional

strategies and with objectives, the principle of curriculum alignment should
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be addressed by planners and teacher educators. It is important that

curriculum and examinations in Lebanon should both serve the same

purpose of improved student achievement. Therefore, official examinations

should he changed to reflect the new curricular frameworks and standards.

In summary, science education in Lebanon should he compulsory and

recognized as the responsibility of every (citizen) in the country. Government

representatives, parents, teachers, and students should take a part in

developing a new science curriculum appropriate ta the needs of students

(Macdonald, 1975). AU students should he provided with an equal

opportunity to learn and improve their scientific skills. Science curriculum at

the lower and upper secondary Ievels should he designed to prepare both

general and advanced students to become sdentifically literate individuaIs

and provide them with adequate and necessary skills that will help them to

apply their scientific knowledge in the world of work in order to help them to

solve everyday problems. This can he accomplished by providing a variety of

science courses starting with integrated science courses in the early years of

secondary education and continuing with a graduaI movement toward

separated science courses in the senior years. The content of the science

courses should include areas that stress the application of science to everyday

experience. The constructivist and cooperative learning approaches

considered to he effective in science teaching should he emphasized and

stressed in the new curriculum. Finally students' examinations shouid test

what the objectives are designed to achieve.
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Problems and Suggestions for Further Research

The analysis and comparison of science education policies in the

selected developed countries with those in Lebanon has raised a number of

further questions. During the course of analyzing and comparing the

ministry policy documents in the selected developed countries with those in

Lebanon, sorne recommendations for refonn have been proposed, but a series

of questions has emerged about other issues regarding the future direction of

science education in Lebanan. Most of these questions cannat he answered

definitively at this stage, but sorne suggestions for further research questions

emerge from this study. Possible questions for further research are classified

into four groups: orientation of science in schools, science teacher

preparation, curriculum resources, and the financial situation.

Orientation of science in schooJs

How Many different objectives can a sdence program he expected to

reach? Sorne government documents from the countries studied specify as

manyas 10 different aims for a single science program. Guidelines at the

middle and senior years often stipulate a broad range of aims. Should a

program enable students to achieve Many objectives or should a few be

achieved thoroughly? No guideline document sets out aims in any arder of

priority. Can one assume therefore, that all of the stated aims are equally

important? If not, what is the proper balance for the many varied aims?
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These issues cali for dearer definition than is provided in most ministry

policies.

Science teachers

The question always facing us is what kinds of teachers do we need for

Lebanon? Teachers need to he trained in new teaching approaches such as

constructivism and cooperative learning. They need ta be able to design

laboratory activities, and Lebanon needs ta establish a comparative position in

terms of modem development in teacher education araund the world. How

to address to these questions depends to a large extent on political deàsions,

especially those related to education (Murr, 1983). Therefore further studies

in teacher education are needed in Lebanon in order to establish priarities for

teacher education programs.

Curriculum resources

Are teaching resources, particularly textbooks in Lebanon, adequate to

allow desired objectives to he met? How can materials that contain usefuI

resources, and other technologicaI materials be made more accessible to the

school, the teacher and the students? How can sdence activities outside

school, which students find interesting, he related to science that they learn

inside the school? Do science students need ta develop ail the skills of the

experimental scientists as one of the objectives of science education? If 50,

laboratories and other physical faciIitie5 are required to achieve these
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objectives. But are Uscience and society" objectives best achieved through

laboratory work? If not, what type of facilities are required to achieve these

objectives?

Other curriculum resources such as computer technology, community

resaurces, textbooks and audio-visual materials should he examined in arder

to improve the teaching strategies in Lebanon.

Finançial situation

Even though major reform in science curriculum is timely and needed,

is Lebanon able to support it financially? To what extent can the government

spend on education at a time where the country is still recovering from the

consequences of the war. We have ta remember that aIl the efforts that are

suggested and implemented will be for the benefit of the students who will be

the generation leading the country into the future, which justifies the

expenditure of money. Yet is there money available, no matter how

justifiable the cause?

Summary

So, this study shows that schooling can no longer function in isolation

from the realities of our living, and the process of leaming must reflect the

dynamic, open-ended and investigative dimensions of science. Science

leaming should be more than information absorption; students must he
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actively engaged in the process of learning 50 they can apply their

observations, knowledge and interpretation of the world around them.

5tudents in Lebanon are Iacking aIl the joy of learning science. Science

subjects offered are oid and far from modem realities. Science teaching

presents science as a body of facts where students are not able to relate science

to their everyday experience, rather than a learning experience in which

students are confronted with real problems and are involved actively in

finding sollitions.

The present study has elaborated sorne recommendations ta improve

science teaching and learning in Lebanon. These recommendations are the

outcomes of a comparison with three countries that are recognized as having

strong history in science education, and a powerful influence on science

teaching throughout the world. If Lebanon were to decide to implement

curricular change in science, these countries present models that could guide

the change process. ln addition, the curriculum developers would need to

become familiar with the definition of policy and the factors that influence

the change process, both essential for real progress and both outside the scope

of the study. From this perspective those responsible for education policy in

Lebanon should set outlines to reform science education according to the

needs of the student and the society; integrate the fundamental concepts of

sdence into the curriculum; develop the skills that the student shouId acquire

to facilitate their abilities to function in society; help the students te interpret

their everyday science experiences; and to help the student to view the world
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sdentifically and apply scientific methods and knowledge to solve everyday

problems.

The fact that science courses are compulsory throughout high school is

an indication that science is seen as very important, but no moves have been

taken to address the importance in curriculum update and methodological

advancement. Lebanon has the remains of a system that placed high value

on science education. With the drain of wartime, revision and upgrading of

curriculum has been set aside. ft is now time to retum to those educational

goals. Fortunately there is research and practice available from the three

studied countries to help Lebanon ease into the 21st century.
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• Appendix A

Age Pattern 1 Pattern Il Grade

17 Physics 1 Ad vanced placement or Honors: 12

Biology, Chemistry, Physics

16 Chemistry 1 Physics Il

15 Biology 1 Chemistry 1 10

14 Physical science Earth science or Biology 9

13 Earth and space 8

General or ln tegrated science

12 Life Science 7

Il

la
9

8

7

6

5

Figure 2.

Elemen tary school science

6

5

4

3

2

1

K

•
Two Common Patterns of Science Curriculum in the U.S.A.

{Jacobson, 1986; Miller, 1986).
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AppendixB

The Content and Structures of the Science Courses Qffered at Secondar.y Level

Science Content in tbe U.S.A.

The content of life science offered at grade 7.

1) biology: cell structure and function, diversity of life, plants,

structures and function, animaIs' organs and systems, and

reproduction;

2) personai health: food, diet, illness and disease, topics dealing with

drugs, narcotics and alcohol; and

3) ecology and conservation: cycles in nature, natural environment,

environmental impact, air pollution, water pollution, packaging,

habitats, preservation of habitats, local f10ra and fauna.

The content of earth science offered at grade 8.

1) structure of the earth system: composition, and rock and water cycle;

2) earth's history: earth processes, and fossils;

3) earth in the solar system: motions of the moon and the planets;

4) motion and forces; and



• 5) transformations of energy: heat, light, chemical, electrical, and

mechanical energy.

The content of physical science offered at grade 9.

221

•

1) environmental science: energy resources: finite and non-finite energy'

interactions of energy and matter;

2) geology: constitution of the earth and physical geography;

3) physics: measurement, magnetism, dynamics, changes of state, and

static and current electricity; and

4) history and philosophy of science: nature of science such as the stages

of the scientific method.

The content of biology offered al grade 10.

1) cell structure and function, transport of cellular material, and ceU

metabolism;

2) concept of the gene, diversity of life, metabolism of the organism,

regulation of the organism, and coordination and behavior of the

organism;

3) reproduction and development of plants; reproduction and

development of animaIs, human biology;

4) biological evolution, interdependence of organisms;

5) the nervous system and the behavior of organisms; and



• 6) personal health and nutrition such as: food, diet, and nutrition;

exercise and recreation; illness and disease, injury and first aid; and

drugs, narcotics and alcohol.

The content physical science offered at grade 11.

222

•

1) chemistry: structure of atoms and molecules, chemical and physical

properties of sorne elements and components that are found in the

environment, structure of the periodic table and the characteristics of

the various elements found in this table, chemical reaction, synthesis

of new compound and basic concepts of nuclear science;

2) physics: form and transfer of energy, mechanics (forces, motion,

acceleration), heat and heat transfer, electricity and electro-magnetism;

3) earth science: dynamic system of the earth, rocks and their

classification, tectonics plate and the physical feature of the earth,

weather and climate and their influences by physical factors; and

4) astronomy: prindples of astronomy, the study of stars, galaxies, the

solar system, and the interaction of the moon and the earth, and space

exploration.

(AAAS, 1993; IEA, 1988; Miller, 1986; IAEP, 1992).
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Science Content in the U.K.

The content of integrated science offered in the first year of secondary

school.

1) the historical development of scientific principles and theories

(Darwin's theory of evolution, Newton's law of motion; medicine

through time);

2) simple introduction to astronomy, earth science and microbiology;

3) environmental science, energy resources, air pollution (smog, lead,

acid rain, asbestos and the greenhouse effect);

4) the study of magnetism and electricity; and

5) and methods and processes of science topics based on the interaction

of sdence with society through the medium of technology based on

salar energy problem; practical application to science and its

implications for society such as agriculture, brewing, medicine,

generation of electricity and a variety of industrial processes such as the

recycling of copper.

The content of the integrated science offered in the second year of

secondary school.

1) water (purification of water, water-wheel; windmills); machines; life;

earth; photography;
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•

2)

3)

4)

5)

1)

2)

3)

4)

5)

224

metal and alloys; chemical and chemical reaction; energy sources;

light, classification; waves, color, perception; sound; keeping warrn and

keeping cool; particles and kinetic theory;

science frorn the environment; fire; rocket; communications; and

the study of invertebrates.

The content of science courses offered in the third year of secondary

school.

physics: changes of states; motion, forces, and waves; energy transfer

and the importance of energy from the sun; properties of electric

circuits magnets and electromagnets; and electronic devices and their

application;

chemistry: structure and function of the atom; chemical reaction;

metals and non-metals, the Periodic Table;

biology: man and his environment; general plant and animal biology;

human health and protection; characteristics of disease and disease

prevention; variation among living things; nature of vision; hearing

and hearing defects; control of noise in the environment;

earth science: cycling of materials; classification of waste biodegradable

or non-biodegradable; and

weather and climate, meteorology; origin and accumulation of fossil

fuel; and the study of the solar system

(DESWO, 1988; Science, Education, Newsletter, 1988).
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Science Content in lapan

The content of the school science at the lo\ver secondary school.

1) Grade 7 Field 1: substances and their reactions; force,

substances and atoms;

Field 2: kind of living things and their life; motion of

the earth;

2) Grade 8 Field 1 electric current;

Field 2 construction of bodies of living things, and

changes in weather;

3) Grade Field 1 substances and ions; motion and energy;

Field 2 mutual relationship between living things,

the earth's crust and ils changes, and human

being and nature.

The content of Science 1offered in grade 10.

1) force and energy: force and motion, the motion of a falling body, work

and heat, transformation and conservation of energy;

2) composition and change of substance: the various units which

compose substances, elements, amount of substance, the mole,

quantitative relations in chemical reactions;

•
3) evolution: the cell and its division, reproduction and generation,

heredity and variation, evolution of living things;
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the balance of the natural world: the motion of the earth, form and

state of the earth, incoming and outcoming radiation, ecosystems and

the circulation of matter; and

5) human beings and nature: natural resources, solar energy, the

utilization of nuclear power and the preservation of the natural

4)•

environment.

(Ministry of education, Science and Culture, 1983a, 1989a; Nogarni, et

al. 1987)
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AppendixD

Science Subjects and Contents Planned for the Advanced Students in Science

The content of science subjects in the D.K. for years 4 and 5

•

1)

2)

3)

4)

5)

6)

7)

the variety of life: population growth, densi ty and control; food

production; cycling of elements;

processes of IHe: anatomy and function of the major organs of living

things; factors that affect life (hygiene, diet, drugs, and alcohol abuse);

energy transfer and life processes; reproduction, growth and technology

supporting life;

genetics and evolution: variations, basic principles of inheritance and

inherited diseases; and the basic principles of genetic engineering;

human influences on the earth: effects of human activity on the earth;

and ecological issues fadng society;

types and uses of materials: changes of states and matters; their

structure and properties; periodic table; and the limitation of systems

of classification.;

making new materials: chemical reaction and biochemical change; and

social and environmental implications of industry;

explaining how materials behave: kinetic energy, structure of the atom,

and radioactivity and its effect on matter;



•

•

229

9) earth and atmosphere: structure of the earth and geological changes;

and the development of the atmosphere;

10) forces: the effect of forces on motion; and applications of hydraulics

(rocke 15 and jet propulsion);

11) electricity and magnetism: production, measurement, transfer and uses

of electrical energy; and thermionic emission and the production of X­

rays;

12) energy transfer: transfer by conduction, convection and radiation;

13) information transfer: communication systems; and methods of

coding, transmitting and storing information;

14) energy resources: renewable and nonrenewable energy;

15) sound and music: wave motion and its frequency; characteristics and

effects of vibration in mechanical systems;

16) using light: electromagnetic family of waves and their uses in

domestic situations, communication, and medicine;

17) the earth in space: gravitational force and the solar system

(DESWO, 1988; NCC, 1989a).

The content of science subjras in lapan for advanced students

In lapan students can easily reach their senior year before having any

option. Mter the integrated science course (Science 1) is completed in grade 10

at the upper secondary level the last compulsory science course for secondary

schools in Japan, students can continue with Science II or begin ta study the
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traditional science disciplines such as biology, chemistry, physics, and earth

science.

The content of physics.

1) force and motion (various kinds of motion, momentuffi, motion of

gaseous molecules);

2) wave motion (properties of waves, sound waves, light waves);

3) electricity and magnetism (electric fields, electric current, electric

current and magnetic field, electromagnetic induction, and alternating

current); and

4) atoms (electrons and light, atoms and atomic nucleus).

The content of chemistry.

1) chemical properties of substances (inorganic substances, organic

compounds, polymers);

2) state of substances (pure substances, mixtures);

3) chemical reactions (rates of reaction, chemical reactions and

associated heat, chemical equilibrium, reactions between adds and

bases, oxidation-reduction reaction); and

4) structure of matter (structure of an atom, chemical bond).
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The content of biology.

1)

2)

3)

4)

formation of a bio-organism (formation of ceUs and tissues,

development and morphogenesis);

living bodies and energy (metabolism and energy transfer, genes and

appearance of characteristics);

homeostasis and regulation (animal behavior, homeostasis and

regulation of individuals); and

biotic communities (organization of biotic communities, changes in

biotic communities).

The content of earth science.

•

1) structure of the earth (earth as a planet, atmosphere and oceans, earth's

internaI energy);

2) history of the earth (strata, the earth's crust, evolution of the earth,

geological features of the Japanese Islands); and

3) structure of the universe (the sun, permanent stars, the galaxy and the

universe).

(Ministry of Education, Science, and Culture, 1983b).
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Appendix F

The Content and Structures of the Science Courses Qffered at Secondar.y Levet

in Lebanon
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SCIENCE 1
PIIYSICAL SCIENCE

l - lIeat energy

1. 1'1re

Cundiliun~ nccc:)sary tu have il Circ. The l'oie uf (lId~. uxygcn,

'lnù kindling tempera tUl e.

1 he r.;umpu::illiUlIS Il [ {ud~ ~uch "::i (ual. lHllagüs, l~eruscnc,

~asoline a!ld diesel ud.

ChJgcs that t<.ike piace uuring combustion.

Pl'ec'luliuns lu be taken ln the use ui lire, and the llnpOl'·

tance (Jf keeplng fire undcl' cuntrul.

The Jiffcl ~nt ways uI puuing uu L a Cire.

The 111;'1]Ul' CJUSCS d( uncunll'ullcù fires n~g1iscnce Jnd

(;.lUIl!' ga:s cunncct~lIn~. imprupcr ::»tul'uge uf flammable matcnaIs.

Lully hcatln~ .1!1Cl ('!ectllC;Ji ~q111pmcnt and ::punt;,ulCOUS C!lll1'

bU~llun.

~. 'fcmpcr.ltUI'C and lIeat

EXp~ll~lUll III Lqllllls. gol:2l:::» • •llIti ~uil(.b.

Differen l ! \: pc~ III thcl'n1omctcrs

Alctdwi ur lllCrClll y ~hcnnumetcr

Air thCl mumcter

The mea~Lll'l11cnt'of he3t

HumJn body tcmp~ratUte and the chnical thel mumeter

CunducloL::i ,Jnd Il1SUÙltul::i

PrCC;'l11llUll~ III !.Je L;.ll~l:n :ll L1lliizlng cxLrcllll'tV cohl ;,Illd hllt

{lujCtts.

_ ,\'" -
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II - \Valer and lts solutions

1. W:ttcr

Import~:mcc nnd propcrtics ('lf willer.

Different sources of drinking water.

Occurrence of water in solids.

Treatmcnt of water for drinking purposes.

Ice, water and stealn rcpresenting three states of matter.

Evaporntion and conden!=iation.

Density, freezing and boiling points of w~ter and its use as

a standard.

Compo~ilion of waler - Electroly~is.

2. Solutions

\Vater ;t~ :l tlnJ\'crsal solvent.

Other solvents.

Changes lhat Lake place when dirrercnt matcri;tls dissolve

in water.

The se3 as n huge \Valet" solution.

Salt Crom the sen.

Filtr;t tian. di!lli Il., tton :l ncl cry~talli7.a lion.

Acidic and basIc ~()I ulions. indica lors. J nd ncutr3 iiz:. tion.

rII - Science and the scienti::\t!i

rrow ~nc ndvanccs tnJdc in Sc\enc.:c .,

\Vhat ;l1e the ~:mJiantics and dirfcrcnccs bctwccn :ln onii-

nary persan and a tl Jined scientist ?

The l'ole of obset'vation in SCIencc.

Measurement of 1cn~lh and \\'ci~ht.

The soiutiun (lf a problcm in a scicnlific :tnd in a nrJn·scicn·

tific manner.

IV - Force :tnd Jn:trhlnes

l""orce: dcfinitioll ~nd ;,lmpic illuslratit1ns o( mechanic~i

force.

OpenHion:t i dcfil11lion Cl f work. cncl'J;Y and power.

Simple machines ~uch ~s the inclined plane. :evers and

pullcvs.

Rockets. jets and propeilers.

_ A~ _
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v - The phenomenal aspects of licht, sound, magnetîsm ilnd electricity

1. Ligbt and Sound

Specd of light and ur ~ounà.

Reflecllun and Refraction.

Lenscs, pnsms, colot".

Musical sounds and ill~lruJncnts.

Proper tighting.

2. l\lagnctÎsnl and Electricity

Magnc:b .Illd tht:ir bé.1~ic pl upCrlil::).

Simple dcctric~l circUl Ls.

ElcClnC:ll l1lcaSUn:llWlll. tighting ntld hcalmg

Bouse c~rculls and s~fc:ly me~~urCS.

Facturs Ln th~ ulllizLlllun ut c.dcctncal cqulpment that a[fect

the electnclty bill.

SCIENCE Il

S:\TUUl\L SCIENCE

- Diver.;it~· amon~ :lnil11al~

1. Diversity in animal habitats 5t1ch as :

The s2asnore. the muuntain. (1 csh \V~tcr. ~hc scat ~hc farest.

the dcsert. the plain. the Clty, ...

:;. 1\lorpholotical ';ariation ~ 1l1on~ ~nil11nls

Body SIZ~. body co\'cr :tnd colot". body fnrm. lllcolnution. c:kc­

teton. denture. digestl \'e or~ans. respiratory organs. "_

Rela tian 0 f thc~e '::l ria tion5 to the way of lite and enVI ron·

ment.

Exnmp[c~ tu bc tJkcn (rom amonJt those animaIs fnund in

Lcb~ nnn nI" sllniin r n ncs. 5uch a5 cn t. dog, cow. horsc. ~J bbit.

hen. ~iz:nd. fj~h. frl1~. bultcrflv. cnrkct. ant. fl~:. cr:1b. spider.

t:tpcWllrtn. c:trthwllrnl. -.;n:til. 5C':l llrchin. !':c~ :lI1cmn nc :md

c:nmmcrc:i:li spon~c. pJ r~llnCClum Jnd mlcroor~iJnisms.... (ft

IS advis~blc ln n:llnC -:lmiinr ~nllnJis.)

~, -
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3. Classilic:ltion of :lnim:tl~

A brief summary classification of the animal kingdom ta

illustratc ~(mcr~l b;lS~S Jnd ~imil~litics. and the n~cd for ci~ssi·

fication in l'cicnce.

4. Dcvclopment o( AniJ1lal~

The dcvclnpmcnt flf the chick embryo, the frog, and an

insect.

II - Diversity Amon~ Plants

1. Oh~crv:ttion and identification of local 1'1:l11t!; wilh l'r.!cl"Cnc:c to

plant habit:\t~.

2. l\lort'holo~ical Variation Amour rIants :

Flo\Vl'rs. lcavcs. roots. stems. and a notion of theil' functions.

Examplcs tl') he t:lkcn from locally comman plants such as :

:1pplc. ornngc. olive. almond. benn. l('ntil. onion. c!'clnmen.

sugar-c311c. banan:t. LOlllatn, tobaccu. pinet ccd~r. [crn. moss.

mnshroom. al~i\c. bactcri~. virw;cs.... (H is ndvi~ablc tn namc

similar piants.)

3. A brie! ~lImm:ary cla~sifjcation of Iltant5

237



•

•

SCIENCE III
l\IAN AND lUS ENVlIlONt\IENT

- Tbe Physical environnaeot

1. The E:uth

The Earth and ils sudace

MineraIs wi thin the carth

Cla::iSlficatiull (Jf minera Is

Mineral propel'lie~

PetrolcllIll : urigin, layer::i. i.:xtractiun

Origll1 and da::isific~llun Il L' rudes

Inlci ior ur the Earth

Eal'thquakc::i

Laycl's uf diffcrcnL :)CI:Sl1lIC bchuvlOr

CrustaI movemcnt

Weathering

Erosion

Slratigrilphj'

Age uf ~uIIs

G~ologlcal ~ras

Sludy li f ~(Jmc ftJ~Slls LJ f LL:ba nun

Oceans

CharactCrI~llCS uf uceans

Tides and wa ves

Sediments on the (Il:CJl1 Llwur.

:!. The ALl110sllhere

The nature ur the ~lLll1lJsphcn,:

MCnSlllïl1~ the propcrtiC's rI f the a llllClSphcI e

Movemcnt or the nlr and the \'.·c:llhet"

Forec~sting the \\·C'athct"

Clouds. prccipit~tion nnd c,durs in the sky

- ~" -
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3. The Universe

The sola r system

The maon. stars, galaxies. and the univer!:e

~teasuring the uni\'crsc

Distances ta the stars

Stellar par::dlax

Apparent and absolutc magnitudes

Spncc cxploration

Rockets

Satellite orbits

Esea pc vc loci l y

Man :md spncc lravcl.

II - The livin( environmcnt

1. Ibhilats and ('ol11munities

Ecosystems

Lire in watel' : fresh wa t~r : s::!a \Va ter

LHe on land

General problcms of lHe on land

A sludy of a cmnmunity like forest, grasslélnd, desert, .,.

~. The balance of nature

Cycles

The cJrbon-hydrogcn-(lx\'gen cycle

The ni trogcn cycle

!ntcraction belwecn organisms :lnd their environment

Fonds wcbs

Colonization anci succession

:1. Man :lnd the Balance of Nature

Man nnd his dict

l ruman papula tion and fuod supply

Man's needs uf food : Protein~, Enzymes, Vitamins.

How green plan t makc food

Food shorlagc lodilY
How man încreilses food supply

1\tan's influence nn living rC!iïourccs

Biological control oC pesls

Pollution

_ ~T' _
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SCIENCE IV

W'~E SCIENCE

l - Cells : Basic Structure of livine things

1. The microscope: Structure and use.

2. The ccU theory : plant cells, animal ccUs, size of ceUs.

3. Physiology of ceIls : The parts of cells ; gencralized ccl! struc·

turc ; enzymes, encrgy Cul' the ccU.

-1. Rcproduction ot ccUs : Mi lusis ; Illciosis.

II - lIow our bodies work

1. The Body Framcwolk ~nù MOVClllCHl :

Bane and muscle tissues ; functiûns. ::ltructuLc and pnnclpal

types ; jlJint types ; bunc fracture.

2. The Foods we Ea t :

Types uf fuod compuunds ilmi thei r U::ie in Lhe uuJy ; v lt<J lllins

and food groups.

3. DigesUon and Absorption :

Digestive system ; digestion ; enzymes and glands ; absorptiC'n.

4. Blood CirculatlOn :

Blood vessels ; the heart ; blood cumpvslLlUll and circulatIOn

circula tory ~roubles ; transfusion (Jf blood.

5. Lungs and Brc.:llhing :

Slruclun~ u( Lhl.! lungs ; brcalhing ; .l.'spllaLury Jisca~cs.

G. Excretion :

E=<crctory sy~lcm the sl,in lC'gulalioll n( tcmpcrolure.

ï. Body Controls :

Ncrvous system; lcflcx actlvily cycs and ears sorne enào­

crine glands and hor:none~.

_ ~t _
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III - 8actea'ia and lIealth

1. B~cteria and Disease

\Vhat are bactcria ? Sorne kinds of BactC'ria ; Robert Koch and

tuberculosis : Louis Pasteur and fermentation.

2. Body Defenses against Disease :

\Vhcre gcrms enter the body; how body kecps out germs

immuniza tian.

3. Stopping the Spr~ad ue Diseases :

Epidemie!; ; r'lunr~ntjne ; cxnmplcs !ln cnmmunity nctinn ; car­

riers 0 f discascs ; 50lnC la rgc pa rasi les.

4. Buildin~ of Uealth :

Chan~e ln ien~th (l[ liCe: Sllme cnuses o{ pOOl' hc::l1th such as

smokin~. ~dcohol. malnutrition....

IV - Genetic continuity

1. rnhenlJncC of trJlts 111 piunts and ;tnimals.

2. Heredi ty :lod cn\'j ronmcnt.

3. Chl'tl mCl50mes.

4. Genes.

_ ~o _
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SCIENCE IV

~ATtIRE OF l\IATrER

l - Kinclic ~Iole~.ular Natul'e of ~Iélttcr

1. Propel'ties of ma tlel"

2. Particle nature of matter,

3. Kinelic Theol'Y of ma Uer

Pl'upcl'tîes uf solids

Propcl'ties uf liquids

Cohesion and udhcslUn

Surface tensiun

Pressure exertcd by a liquid

CJpillal'ity

Specifie gravity

Pl'opel'tics of gasc:i

Diffusion

Pressure excl'led by Cl gas

Boyle's law

Thermal expanSlOn

Change of sta te

Il - The structure of matter

The struclUl c of the atum

Elements and c(Jmpounds

Valence Jml muleculal' fUI mul:Js

SLudy {Je the pL'Cparalwll and pl'OpCl'tles Id oxygcn JIHl

hydl'agen

Atomic and moieculJr welghts

Laws (Jf chcmlcals reJctiuns

Radioactivity and artl ficial radia tian

ru - Carbon compoullds
Carbon and bicarbuna tes

Carbon dioxidc and carbon monuxide

Hydl'ocarbons

Saturated and ullsatul'atcd hydl'ocurbons

Organic acids

Anlines

C4.lrbuhydralcs

- ,,"\ -
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AppendixG

Science Subjects and Contents Planned for the Advanced Students in Science

ln Lebanon
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PHYSICS

FIRST YEAR

Uterary and Scientific Sections

MEC.HAN leS :

~ouon of force ~ unilS ; kg-force and n.:tA'ton. Expenmentill study of

the composlllOn of Corces ~ resu1tJnl : concurrent forces ; parallel forces.

Coupies and moments.

A simple nallon of equlii"'rium.

Me:lSurernent of vweight : balances ~ -lualities oC balances ~ Jouble 'Wei­

ghing.

Work done by a force constant ln magnitude and direction ~ urou ~ s.un­
pte machines: principle of conservation of warka

Elementary notion of friction.

Notion of power: uniu : watt and kgf-m per sec.

NOlion of pressure: tmits : newton-m·:.

HYDROSTATICS:

Definiuon of J f1uid : liquids and g:1ses.

Pressure exened by a fluid in equllibrium

J) al:1 point on lhe surface of the conraan~r.

b) al a pOint wllhin the fluiâ.

Difference in pressure between two rames ln a fluid JO c:qul1ibnum.

PascaJ's la w ; applications.

An:hlmcdes· prlOcipJe. Aoating bodies.

Specifie: gravity :md denslly.

Almospherlc pressure ; the barameter : the manometer.

CompressibililY of gases : Boyle.Manoue s law.

HEAT:

Calonfic phenomena : tempcrature

Expansion of solids : coefficients oC !inear and cubicl expansions.

Thermometers : graduation : themometric scaJes.

Effects of the change in temperillure of 3 gas al

3) constant pressure.

b) coaltant volume.

Sources of heaL

N~ion of quantity of heal : speCIfie heal ~ heat capac:aty : cJlorimeuy.

_ 'TV _



EXPERIMENTS :

6.

• s.

Specaiic: gravity of soiids

245

Gcaduauon of a sprmg balance.

ComposÎtion of concurrent and parallel forecs.

Locating the centre of gravny.

Methods of weighing : double welghing ; Gauss' mcthod.

SpecIfie gr3Vlty bOUle method.

Arc:hlm:àes' prmclpte method.

~easuremenl of Il:ngths. surface Jad \olumes. PrecIsion of mea·

sucement .

3.

~.

L

.,

-

••

7.

• 8.

• 9.
10.

11.

l2.

• 13.

Specifie: gravity of liqulds

Study of an inciined plane.

Verificatiœ of the Boyle-Manouc's law.

Expansion of a solide

Checking tr.e fixed points on il thermometer.

~easuremenl of the quanllty ot heat : Qlonmetry.

Measurement of speCIfie: heal : water equivalent of a caforlmeter.

Rcmarks :

1. An elperiment an be made in one or more sessions.

2. Students are to pcrforRl a mmunum or elght expenrnenls per

year. giving preferena: to tbose marL:cd wlth an astensk l- ,.

•

• _ 'TA _
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SECCND YEAR

1Jtenry Settion

OPTICS :

Rettlill1ear rropagallnn of light : shadows,

Law!li n( rc:f1ection : t'Iane rnirrnr!' : images : Jrplic:.ltlCJns.

uws o( rc:fracuon : ahsnlulc il1de~ nf refractlon : total intcrnai reflection.

Sphcrlcal thm Icnscs : clf'erimc:ntal sludy . prac:\Ïcal al'piications : the

magnifier -. the reduce:d eye - th~ camer:.l.

MAGNETISM

Magncls . rote~ Illilgnclic masses . Cuulomb'" law . maglletlC (Il:~td

illdul.:l1oll \'I:~lur 1il1c~ of force: . l11a~nct u: srcctrum.

ELECTR IC[TY

An 1.: XPCflllll':ll lai st uuy ne lhe clcc\rJC l.:urrcnt bascd lin ItS cHects : con·

q~ntlo"al Jire:ctu1I1 of a (urrent.

MA(i~ETIC: ErFECr s

ACtlOIi 111 .1 l11agm:lll: (ll,;!d on il I,;urrcnt. LJpla<.:c's la\\'.

1l1lcnslty llf a I.'urrcnl . t!le all1l'cre . 4uantllY D( clectnclI)'.

MO\'lng '011 g.ahanonll:u:r ~ ;lmmete:r.

CALORrFIC EFFECTS :

Heal Ilherall:(l hy the pa~sagc p( ;1 currenl throu~h a conduclor.

J~JlIlc's I.n" . :!l:clfl' n:~wilanCt: . fhe (,hm ..lppIICatlOns.

ELECTRIC ENERGY .

\JoClon IIi clcctrh: I.:lter~y . differcncc nf ~('ltenlJai hctwcen IWO pomts

Ilf a ~lrCUll . t Ile: volt.

(jcner:1tnr,\ . F..~ .F.

Rc=~cl\'r:r'\ . ":CHII1I~r E.M.F.

(>hl11\ I.IW :lnd !;IW\ of .... urrent'\ ln dCf1V:ltIOlI . .ll"'plicallul1~

...nltanctcr.

(f IF'.! leAL EFFECTS .

Elcctrnlycw; . f7araday's law~.

f'nlans:lllon. DC~crtr"t1Cln of a ccli and Jn accumulatnr.

r:XPER rMENTS :

246

1. \.teasun:ll1clU nf lrIùices {le refractlCJn.

Fncnmctry of tltin ctln\"cr~lOg Icn!Çc!il.

\le:lsUrl:ll1cnt ,If heal IIherat~d hl," J~)ulc'~ effc:ct.

~ \fe:l~un:rncru (If e!cctrac n:'iI'-lal1(C

" \fe:lSUfl.:mc:nt nt F..~1.F.

•
(, \'alfic;llIClfl Ilf F:lraday'~ 1.IW~

- \,~ -
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Sdentific Sed.ioD

OPTles .

Upllcai phc:nulllcna : Sources o( light . ~c:1f-IUmlQOsIlY and lumlDosilY

by dl(fUS~ rdlc:cllon. lilumanatct! ubjcclS.

RCf.:lIliIlC~lr propagallun ut lighl. Shauuws.

Laws ~If rdkcllon.

l'hlllc 1I11rrors . llIarch ur rays . 11l1agt.:~ • rU1Ul1l1b Ilurror::; : ;1ppliC6l11ons.

Sphcru:al l1urrurs lGauss' .1['lro.\ll1lall~JllS) • march uf rays ; CODSUUCUOO

ùf images . forn1uli1~ ; appliC'.11ions.

L.1 ..... s llf n:fr.lCtllln:

Pa~sagc: D( light fmm llUe.: tral1Sparl.:Jll IIU:llIUIll IIllU 'lllOlhcr : vc:locity of

hglh : .1ilsuhllC 11Ilh.:.ll. of rcfracllull . lutai IIlh:rnal n:f1c&:uol1.

Dinptre 1'1~II1C . lIuages lGauss' 'lPJlr(l~illl&lllUnS) . fornlulac:.

Plaie Wilh r~r.lIkl fal.:t.:s : rnarch llf ray~ . Images l Gauss' ;1pprmuma­

lions) . fl>rmui;,u:.

Prism : ill~an:lt llf l11unochrulI1allC r.l]'::; III a principal scclIon. ,oDditioDS

,tr cltlcq;cm:e . ,,; 'pcnmcntai )ludy uf lh:vlallun.

Sf1herh.:al llllil knsc) . Jiffen.:nt types. l11arch of raYIIi (G;.auss· .lpproxl·

rHalluns 1 . fllt.:1 . llrt1ell! l.:cl1lre : ~ltl1'itrucliL)1I of images . fllrmuiae.

(·dllv~rgclI~1.: . th~lIrcl11 llf I.:ltll\'crgclln: lIr (hlll IClIscs 111 i,;ollta,l.

Fo CAlIIftlctry.

Camer".

The I.:yc ~nu \' ISIOII ••1 sunllllanzed sluùy of the conslitution and the

func:ulJlUng ot (Ile c.:yc : tht: rc.:duc..:U cyc . .!ccnmmocJation : Jc:fc:cts 1ll

;u;comI1HldaliUn . sef'aralln~ power lit the eyc:.

Oplical Illstrumcnts : rrmcif'lcs '. f\lcuslIlg : magnarying rower : magni­

fic:uion.

The maGOlfier.

The mlcrn'icuf1c.

The aSlrnnnmlt.:al t.:lc:scupc: and the {j~lil..:an lclcscop:.

- \f· _
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•
MA(jNETISM :

Magnets. p(lle~ : magnetic masses ~ Cou\omb's Ia.w t magnellc field

m:agnelic spcclrunl ; lines of force ~ unifnrm field ~ nUl.

Terrestrial mapetic field ; inclination ; deciinalion : horizontal compo­

nent ~ the cnrllf'3SS.

ELECTRICITY :

An cxpcrtnlenlal study o( lhe ~lectric c:urrenl based 00 ilS cfCects ; çoo­

ventional direction of a current

MAGNETIC EFFECTS : -

Action nf a m:tgnctic field nn a current " e{cctrnmagnellc (oree: : Lapla­
cc's law . cleclromilgnetic dcfinitinn of lhe intenslty of a curtenl ; tbe

ampcrc : quanlily of c1c:ctricity : the clectr[\,"a~netic: balance : electro-­

IOagnclK wnrk.

Moving cnli galvanometcr.

\1agnclrc field of a currcnt : sflcctrunl . .:~prcsslnn nf the induction vec­

tnr of an lI1(inilly lon~ rcclilinc.. r c:urn:nL al the (,'Cntre of a coil. and

al a rOtn( on 'he a~i~ of a solcnoid of infinile Ic:ngth.

r'rincir'llc ('If the moving magne! galvanomeler.

CALOR (FIC EFFECTS :

He:ll lihcratcd due ln the passage of a current through J conductof.

Jouh:\ law :1~ctTlc re~lslance of ;1 cnnciuclor ; the ohm.

APf'licJtion~.

ELECTRTC ENERGY

248

•

~otl('nc; of clcctrtc energy.

Pnlcnllal cJiffcrcnce bctwcen (wo pt,in(1j (lf J ctrCult . the vnlt genera-

tOfS : ..: icclrnmoHvc force.

Rc:cclver!\ ; counter·clectromotivc force.

Ohm'~ law5.

Currenls III derivalion JJ"l"lic3tionc;

CHEM leAL EFFECrS :

Electrolyc;lC\ . ~U:lltlatlve and qU:lntltilll\'C law~ of Faraday.

PnlaT17allclll (lf vnlla01clen : r'Irint:iplc of (clis and accumulators.

ELECTR Je \1 EASUR EM ENTS :

Measuremc:nt of intcnslllC:s and ch:ctrumollve furces.

rntcrT"rel:Jllon pf electrlc J"henomcl1a by lhe electrnnlc lheory.

Conductl'ltly C'f nt~tals and solutiol1s.

- ,,., -



• L:XPëRIMENTS :

1. Propagalaon of light - umbr.ls - pc:numbras.

, Reflecllon nf li~ht - rotating l1llrTOrs.

• 3. Verifi~atlon ut the [ùrmuiol uf sphenC".ll mlrroes.

4. Rlo:frJctlon -- tn~asun:ment of \I\uiœ:. lli"luids - ~oiiu:i).

5. E:(Plo:rtI1h:l1lal study UL a plal~ \'t'Ilb paraUd ra~c:s.

• b. ~rislll: mc:asurc:mlo:lH u( ils 'lIl~le aud \Jf lhe all~11: uf Ulo:vli.1110n

I:urvc: uC D -= f (1) ~ nUIlUllum d,,:vlallun.

7. Focnmclry uf convc:rging Icns~s.

(direct tlll:lhuu - i:lc~sd's I\lcLhod - - Silbcrman's method ­

JUlucolillnallun Il1cthou).

~. FlIculllclry ~)r Jivl.:q;lI\g kll~ë~.

~. SlUcJy llf th..: ll\ICfll~~OpC dlullllll;,llI.:d I.:humber.

10. SlUUY ul' J ll.:h.:~c.:lJp~ lllUUUIl.:U lHl an upul:al bl.:llc.:h.

• II. \1agnclul\lel~r: ~mnpansul\ ut magnetlc fidds.

12. Magn~t1~ ~pcclrum.

11 Tangcnt COnlpaS:i.

l·t Mea~url.:llIcul uf hcal !Ihcrat~d dulo: 11) Joulc's eiCCt:L

249

1S. VeriCicatllln 1'( the law R
l

(J - fl)r a ulllform cunductlllg wm:.

s

•

'" 1h. \tea~Url:l1h':111 li f dcctnc n:~lslancc: hy lhe metre bndge.

• 17. \1ea~un:l\ll:1\l Ill" ë.M.F by lhc [1utcl\lHlnlcll:r 111ct!lod.

IX. l\)ulltcr EM.F..IUI.! rl.:~lst~ln,~ Ilf .1 vnllamclcr.

\1). V~nCil.:alllln ur F;Jrauay's l..lW'i.

~O. Stuuy (lf cells

Remarks :

1. Olle f\ln: ~I.:S~luns c.:.1U b~ .1~sl!;IlCU l'Il UIlC C;"!lCflIllCI\I.

Studc:l1l~ Jrl: Il) [1crfurm i ~ C:'P::f1nlCI1IS per yl.:ar. Giving pre·

f~rcncL: lIJ c'pCnmel\ls market! \Vith au a~tl.:n::ik.(·) •

•

_ \ rT _
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•

THIRD YEAR
Philosophy Section

Prlllt:lpics (lf LlynLlI11I1:S . thcir application lo rCl:t1\inear 1ll01ltln . frce fall.

'Jollc", of mass : L1nilS of mass and force.

'JOIIOIl llf nlechanlcal cncrgy : ~nlC'ntial and kinellc I:llcrgy.

Pnnclplc (lf Cllulv,d..:nec nf work and he~11. ~1ca~urCnleI11 of the ntechani·

cal l:quI\:dcnt n( lhc calorie.

l'cnndll: molion. Pcndular motion: liimplc ~clH.jululll.

Vibrallll"\ Ilrt~11\ (lf .;nuntf.

r- \pcrlllll,.1I1al.!lldy (lf lhe pro~a~illi(1n of vihral(lry Il\OlltHl ',IJ"velength.

~rl'cd 1If <;(lulld.

Rdh:~tl(l11 'lf wa .. ..:~. Slalll"n~ wa"l:S ..ll"plil':Illon tll ",lund tuhe.. and

\.Ihrallll~ 'il rings.

ndillllHl1l Ilf the pl1ysH1Intlit.,'al qualilic~ (If lil1l1nd île; phy~ical intcrpre.

lalioll

111l~rfcrC:lll."C of light.

r:.1c~t.:t rll· tllag.n~IIC ind uclinn. Self·induel ion.

Fk'lIl'lllar\ idc:t~ :,hotlt :t1lcrnating currcnt~ " dfcC11\'C intcn~ity effec·

Il .... l: rllll'llllLlI dirrl:rcm:c.

rr:ll1"irn rt:llllln (lf ..:lct.:trtcal C:llcr!!y : rrillciple (If the tral1~former,

Elcnrlllll(,: l.:11I1~'\lon~ Ihl.:rnHUnnlC ~rft:t.:l . diode Phnl(lclcclrlC dreet

P1:tIlI..·k \ ~(\Il'\tanl. C;llhode ray~, X ·rav~.

~i",,,k 11lllllll1!1\ of the colt!\lilutÎon l,r maller : the atOnl and the nucleus,

I)lffl.:r":l1t fllflll" (If ~llergy ~ ["rtnc:iplc llr L'onlicrv:1tion of cnergy.

r-xrFR rMr.NTS

Frec r.dl . \'ihratil1[! hl:lde.

Princl{'llcs nf dvnamic~ : (Atwnod'C\ machine. inclincd f"lane, F1eteher'c
trolley... L

Slatinnarv wavc~ (Melde'~ cx!"C=rimcnt. Kundt's tunel.

Mea~urement nf 1.

Sirnrlc rendnlum.

Tnlerfercnce ,,( tight.

•

- ,,.,, -
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•
Sections of ~lathematics and Experimental Sciences

Notion l)f ar>proxlmatll11l ùf physlcal measurcmCRLS.

PrecIsion ln numerll:al t:ah.:ulatioRs.

OYNAMICS :

1. E.\pc:nmt:l1lal ~lUU~ !If the: dynalllu:s ùf rc:ctllinc:ar mollon. Frec

(ail.

Fundamt:lll.lI J.lW Iii J~ nanllCS. Dc:finltllm ot mass and momentum.

Units.

AppltcatlollS ~lnusmJal rcctilinc,lr mollon ~ air resistancc lunit

veloclly.

251

•

,

a)

hl

3.

Study of L:urvtllOcar olOtlon ln Jo plane:.

VdocllY \ ~l.:lOr and JccdCraLioll \'c:4.:1or : langelltial and normal IC·

cclcratlons

Vt:~tonal ~'rn':~~ll"l llf tht: laws ll( dynanm;s uf a poinl and of sys-

,lems :

MOIllt:ntu 1II

:\n~ular llHlIllcntulll

Theun.:m llf ~ lll~llt: el1t:rgy.

Fnrcl..:s duc (II .1 pl!lcnu,ll fielJ.

Mollon nf .. rxJlnL ":Ircular I1lfHlOn ( uniform :lnd slOusoldall.

proJectile molion. motion due 10 Newtonian attraction.

Motion of J solid : moment llf inenia : tonion pendulunl ; pen-
dulum : ..:ollisions . rocket grJvllational field : variation of g

wirh altitude.

Measurable magnitudes : fundamenlal and derived units. Coherent
systems of lInits Dimensional equations.

_ ''''1. _



•

•

252

HEAT:

Prll1t.:lplc (If I.:qlllvalcllt.:c tIf h~al ;11I(( \York. Mc~'s\1rcmCnl of J.

~tllJlIn llf 1Il1...:rnal cncrgy.

Chang~ \If c;t~lc : \ Jpnnsation . fusion. Liquid-" apour el{ullibrium cur­

\e : Ilitent hcal Ilf change of 5tale.

PIII1t.:1rk Iif 1he ,\{...:am I:l1ginc. lhe inlernal ct1mn1l5tion cngln\.: and the rc­

frigeralllt" . (lïagranls.

F..rficiclH:Y Ilf hcat CI1~lnC5. Stah:mcnt of Carnor~ principle and theorem.

VI BRATOR Y MOTIONS :

Prll~ag~(\(lll of \ ihratory mollon. W:l\"c1ength. Composirion (If two vib·

ralon' mol ions. 1nterfcrcncc. Reflcction of wavcs.

Stand Ill!! \L'\C'\ ,\ ""urlc 1I0tion nf rcsnnancc.

\prlll:alltlO 11\ "'Ilund tllt'lCS and vinrating strings.

OPTICl\ ~

Fadure'\ pC I!Cl1l1lclrll:al orllCS. E.'\i.1mpie~ of dirfracllon.

HYPll( Ilesis lIf lumanllu~ '-Ihrat Ion. l'rinciple and e:{pcrimental verifica­

(Ion Ilf InlcrfcrenCt: of light.

Dl'oipCr"loll nf lil!hl the spcctroscnpe (prisnl or diffraction grating) using

"IIlilhll: IIght : cmÎsslon Cif'lectrum.

ELECTRICII"Y

"'ll1lpie 11\11 \tH" pf c!l:t.:IW'itall(;S . ..:kctnc t.:harges . Coulomb's law ~ elec­

lnc field.

( nl1lkn'\cr Wllh raralld bl:cS . ~Jraclly . 1he farad.

Elcclwl11a~II\:t1t.: Inducllon , ~'\rcrul1cnlal Ililudy . E.M.F pf Induction.

Le1l7'" 1..1""-. Sdf-inductlon . lhe henry_

'\Illlplt.' :11 1[11111<':; llf ;alll.rnatlOg current5 ~ productÎon anCl prnpcrtlcc; : trans­

rnrt;llllHl of clc.:clncal ..:nergy . prll1clpll: of the 1ran~fllrmcr. Effective in­

ICrI'll\ .lod pIIlenli,,1 diffcrcncc. Average power.

Ohl1l· ... LI'" ;lpr1icù 10 alternilling nlrrent!; : influence Clf 5elf and of ca·

paCIlY Pnwer factor.

ThefmoloOtC effect . dinde.

C.llhocic ra~" . the clcctron. X-rays.

Phnfndcctric cffcct . Pbnck'" CCln"tilnt.

Differenl fnfm'\ Ilf l.·ncr~y. Princlf'lle of cnn~erv,"lon of energy.

·\n ulca (If the lllnstillltÎOI1 of matter : the mule:cule. the iltnm :lnd the

nuclelJ~

~:ltur:ll :lnd artlficial r:uliO:lCllvity . h:llf tife: .

~uclcar rcacliC'n" : fusion. 'JuC!eilr cnergy.

_ 'T'O _



• .,

J.

• ~.

,
O.

7

• H.
l)

• la.

II.

12.

• 13.

I~.

• 15.

16.

17.

• l:XPJ:RIMENTS

1. Mcasurcll1clH llf I~nglhs. surfact:s <lnti vlllumc=s. Calculalion amI

Jppro~lmatll>n .

Measuremenl uf specifie grJvily. t\)I1l[li,mslln ll( rcsuhs obtameù

by ùiftcrenl 1111.:lhoùs.

Veri(ÎcalH1I1 of lhe laws of fn:!.: rail {vlbratlng bladC... 1

V~rlficatlUIl uf lh~ laws ur dynamics (AlwooJ's machine. ,"di·

ncd plane... )

Cc;:ntnfugal force.

SlUùy lIf pcnJuluI115 : simple. Kah:r's. ll)f510\1 ...

SluJy IIf Ihc Ilhlllon llf J :ipring.

Measurcmcnl of J.

Vcrifu:allon llf lhe: 1I11:orem n( killClic encrgy.

Slandll1~ wav.:s III J \'lbr:JlIng slnn~

Resonance in a tube.

Kunùt's tube.

Sludy lIf J :let-up prmJuclllg inl~rf~rencc of lighl.

Sludy U( ;l ~apacltor.

Mcasun:lIlcnl Ilf lhe fn:qucllcy 01 an ahc=rnating ~urrenl.

\1casllr~ll1cnl of J 'l~H and Il( a capuclly.

Resonance 10 ;.an d~c(nc l:lfCUIL

Remarks :

253

•

1. An c:~rcrtlllClll ~;.LII he l\l'u.h,: III IHlc llr more: 'lCSSIOIlS.

S[uùents M~ Il) [X:lI11fm ..l Illlnil11u1I1 nf lwdvl: 1.:\r>crllncoLS p-.:r

Yl.:ar. prdl.:l"l.:lI~:t: bC:lI\g !:W"CIl [Il IIHI\C Ilh1l'lc:d .... 1l11 ~LI\ JslCfl\k (e) .

•

_'" -



•

•

CHEMISTRY

FIR5T YEAR

Literary Srction

llumllg'-=III.:I)U~ 11\ 1.\ IUr,-=s. hl.:lI.:rugcn~l)Us Illi"'turc.:~. pure sub~wnec:t.

l'omI"UUll~ ~ubslau~~~. :lllUptc .suhstan~cs. llUUUIl ut lh~ c:lc.:WCOl.

Mol~(.;uic:s. i.4llJI1lS. ~Ynlbuls.

(1 - Tht.: lIudc.:u:lo. lit.; prolUIl. lhe.: c.:k~lrul\. dc.:Clfllllll.: ~hc.:lls.

'\nUtHh': 1I11I11bc.:r. :\ \'llgadru', Il ulllb..:r. gr.lllhUlIlll. l11tllc.

<..li.lSsltH':~lhJlI \If lh~ dCllll.:IllS Illl~l !;ulJIlll.:s .ll.:l.:urd1l1" lu thelc dCClru·

lue C:llllfigurallllllS.

1(( - Chrlll,nli /JcJlltllllt:

1unac bUlU.Js

CuvaIent hOI1l.h.

1V Clumt.:fSil/ 11111111.'1'

11hyslcal ~hangc.:s.

Chc.:ulIc.d ~h.lllgc.:S. ~llllsc.:r .... all()11 IIf malter.

Nudc.:ar dlanges.

V Symbob. fùnnulac:. ;:~\uat1()ns.

EICOlCl1lS ll" IhHllcnclatun:.

-\vog;,aJru·-\mpc.:rc.:\ law.

VI _ thygcll

vu - Hydrngcu.

VlIl - Water.

IX - Carbon. ~~ruol1 nwm}'(ld~ :J.nd ,arbon Jio~itlc:.

•

_ 'tA._
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Scientific Section

Hnlllll~cn'':ous /111.'<turcs. hcterogcncou5 mixtures. purc !'iubstallces.

("urnT')()und substances. simple substances. notion of the elements.

Molecules. J10ms. symbols.

Il - StrllclUf(' of 111(' A/oIII :

The Illidells. the prntlln. the ncutron. [he C!cctron. c1cctrtlllic shells.

-"(cllnl\: 1I111l10cr. Illas,", lIulllhcr. l.'1lltopes. ;Ilomic wCI~ht. .'\vo~i1dro·s

l1ul11ht'r. gram-:ItClnl. mole.

III E[c~trllnIC configuration and [he ("enouie c1asslfic3tlnl1 Il( [he elcments.

Atoms ami illnç. atomlc radii and ionic radii.

[V Chf'lII/nt! hmu{;",,!

Ionie bonds.

("ovalent nonds.

\oordinate honds.

v - Clwm:n (If matter :

PhYl\lcal l"hal1gc~

("lIcl1l1l'al c:hanges. ('onscrvation ll( lIlatlcr.

'\'uclcar chall~cs. M\lltcr and cncrgy.

VI 5v01hol5. fllrmulac.:. cquuuolls.

F.lements of 11l1l1u:nclalllrc.

nlC A\C1g:ulrt' Anlpcrc law . ..:aicularinn o( (OI11f'<'SltIOI1Cl hy n1&lSS

;111<1 "'''[lIme.

Vil O~vgcl1

VIII Hyùrngcn.

IX - Walcr ~ heavy water.

x - Carht"l . t.:arhon 1110ntl~ldc: and clroon dill~ide. The cJrhon family.



•
SECOND YEAR

Literary Section

- (ons.

Il - "\t:II.b. bo.1~«:~ .ll1d ~o.11ts. Volumctrle ;lnalvsls.

III - Chluauon - reducuon.

IV - Chlurmc .1IlU hydrnchloric Jc.:ld.

\' - Sulphur Jnu sulphurIl.: Jl.:iu.

VI - Suulum Jl1U ~~~.iium Ilydroxioe.:.

\' Il -. C..lfI.:1UI1l I..Jfhollal~. t,;JklUm ll\ulc Jnu t,;aklum hydroxldc:.

v111 AlununulI1.

IX Irun.

•

Scientific Section

[.("'(111"0 11"'111 m.\trClllolI.\ CIIlli La;'urtl!ot'\· \I·U,./....

256

1

1(

III

IV

V

VI

VII

vIn
IX

x

XI

XII

- xnl

- Prupc.:rtlC::' ,d ~ujullUIJ~ ayst;J!s Jill! crystallilatlon.

- ThclIry l}f iOnilUtlOn.

'\Ioll.b. b,J~c.:~ Jnu salls.

- Ox.Oalioll - r~uu'tlUll.

- Volumclflc anaJysis.

- The ItJlll~c:ns. Chlorinc. hydrogcn chloridc.

The.: ~ujpilur fal1\1ly. Sulphur. Hydrogcn sulphidc. sulphur diolide. sul·

rhur trtoxidc. sulphurous and sulphurlc :!cids.

TIle nltrugcn famrly. nitrogcn. amnlOnJ3. nitric acid.

- The JIL.:alJ melals. Slldlum and sodium hydroxldc.

The alL.:alinc-earth mctals. Calcium. calcium I.:arbonace. cJlcium oxide.

calcium hydroltide.

Aluminum.

- Iron.
• ('\)l'tl''cr.



THIRD YEAR

Sections ur l\1alhematics and t:XPt'rimenlal Scicncr'ô

\ l'HYS1('AI. CHEMISTR y

_ .'11'1"1/11" rI( III" tif"", :

E,i"ilcm:l: nf Ihl: ahun. l1\u:IcU!ll. pmeoll. l1l.:ulrnn. ~kl:tr(ln. (c'"f'Cnn1ents

shmvÎIl!! Ihe I:,i~tcncc Ilf thesc ("artie":!'). cnc:rgy Icvel~ (shclls and sub·

'\hclls 1. Si 11\,,1..: suhsCances and &:fcments,

Art'mll" 1l\ll11her. l1Ia~s 1\1Il11hcr. i~nlofICs. "\'u~adrtt'.; nUnthef. gr3m-alnm.

I11ni..:~.

Il - ,\'aturl/Î //Ild ,,,,,fic';lIl l'fit/if Ifwth'it\'.

lit - ('/"''''If"tli "(llIff;,,\! :

SlrUl.:lurc Ilf inert gascs, I:h:ctrnncgativity. \{lnl$3t1on rotcncial. ionic

bonds. ionic rndii.

Covalent hnnds. 'ltnnlle radii. coordillale h<mds. pl,lar;ty of molecules.

tnctal1ic h(lmt~, intefmolecular hC'nds l1f attr3ct;nn~.

IV r he' t:etsrotls ,'itntr :

Equalull1 Ilf "ital!: (lf ~ln Ideal gas " dirrll'.iull {lf gascs ~ Gav-Lus5ac's

la\\' , \ vogadrn- '\nlperc's iaw : varour pressure : boiling point.

v - {'{,nrn'; /lU',Jr",;, (",. ,he t!('('rmIHfIIllI" 1" mol,'('ulllr 1\'I',cd't,'" :

C:l!\C of ~a"ic'i and \'(,Ialil~ liquid~ , case Ilr "n'uhle ~olid~.

M:t~~ 'l"'cC'trn~ral"hy

VI - (ï,,.,,,,,.lIl 1'('(te"f r,.",{ ,,,,,/ 1',U'r\:\, ,rf 1'(',,,.1,,,,1\ .

vu - Ch,nrrral C'f'lIilibr;,,,,, .

Equilihrium hetween moleeule~ cuuilihrÎtlln con~t~nl l:1w nf Guld-

her~ and W33g.

Le Chatelier'!; f"rincif'lle.

Tonie: cquilihri:t : di~~nc:i3tin" con!'tant : C:lSC of w:1ter : notion of pH.

VllT - ("T'l'mirnl k;"l'tir,f :

RaCe~ of renctinn~ : (:leton innuencinl! the r3tes of re3cti~ns : c3talysts.

_ \0\ _
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•

H . OR(jANIC CHEMlSTRY

- l)rin":lph:s \If l.h:h:rmlllll1g. tl1~ f1r,-=s~m:c ur ..:arbun. hytirClgcn. nltrogcn.

I.:hlurll1l:. hWlllllh: .11\0 ~ulrhllr.

Princ.:inh.:~ \le qualllllatl\c .&nalysis.

IXh.:rminauLlII of furmulac. Funclinns.

Il - G.:ncr.d ~lud) \If th.: JIJ(lhallc hyunK:arbons lilluslralcu by .;xanlplcs

Irum ..:hcllll~lr)' II( Ilh;\hanc. ~lhallc. I.:thyh.:ne ~&nu .u,:clylenc:).

III Arum'Hic hyurucarbuns ~ benzcna:.

IV 1h~ a1cuhul (ullcuun : ,,-"lHI1IUUI\ pwp.:rtics of Ih\: thrcc dasscs uC alco·

huis ;1I1U partll.:ul.lr prupcrtics or c:1I.:h dass.

Prcparallull.

v - l"ul1lp:&rauvl.: ~ludv IIi the ..lluchydc: anù kelunc funcllons . propcrties

and preparaLinn.

VI - Th~ Jl.:IJ fUllclllin . rrnperuc\ and prc:par:uiull . furmallon. hydrolysas

Jnu .sapmllfÎ":JllUIl of r.:sl~rs.

VII TIle .U1llI1C func.:thlO : Jdinitiun \lf the thrcc dassc:s uf amancs. Com­

mun rmpcrtlcs Ilf the tlm.:e dasses. Preparaliun uC primary amines.

Viti - M"c:roI1HJkl.:ul~~ ;~l1~ral ~tudy o( thcir l:hc:n\lcal importance.

•

_ '0' _
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NATURAL SCiENCES

THIRD VEAR

PhUosophy Section

A· GENERALITIES.

1. Celfs tJnû Tissues.

Morpholugù.:al ~lUÙY of an animal ~cll ami uC Il planl ccU. [ollowlDg

the ubsc.:rv;,atll1l1 llf typu.:al c~amplcs.

Study uf 1I11IUSI~. flllluwlIlg ubscrvallllll!\ ~)( nucroscllplc.: preparalluns.

Slall.: ~If ~dlujar pwtllplaslll.

EXl.:l1al1ge bdwc:c:n .1 ~dl ..wu Its medium (Vilal ~uluurallon. plas..

molysis. lurgHJity. :lcll:cliv..: p~rnll.:abililV

SIUÙy uf ~onlunctlve and cplthelial tissues.

SluLly IIf the: parcnc.;hlma J.ud lht: cunductlvl.: llssues.

C:l1ular ~lructurcs as re:vl.:aled hy th..: ch:ctronlC nucroscopc (obscr.

vallun \lf phntngraphil.: uucumc.:ntsl.

Noliuns of physlcs and ch~mislry n":ccs~ary fur Ihe ullucrslanding of

the phï~lùlogy of living lhings. basc:d on Simple I:xperimenls.

Real .Jnd culloidal solutions. ~mulsion. ~uspension. floculation.

I.:oagulallun. preClpllJlIon.

Tyndall df~l.

Osmllsis. JlffuSHIII .lIa.! pc:rmc:abliitv

EnLil}(hl.:rmu.: .1IlL.! 1.:.,uth~rll1h.; rl:~u.:t1~HIS. ll\Hlatllm-r..:L1Ul.:tlon. unstu'

bic producls.

:"Jullon uf rH.

Stuu~ uf Ih,-= ~hl.:l1lll..:JI l.:lIl11pO'lllhll\ IIf living ~ubSlaIlI.:C:i.

2. Dissel.:llllll ur ~l llIalllll1al and (If " f1nwcnng riant showlOg the gcncral

Mganasilllon of the living orgaOlSnl.

U - ANIMAL BIOLOGY (Zoology)

T~I.:hnll.:al lc.:rms .hl~lun~al .wu nwrplhllllgicai knowledge are la he ce·

duc.:rJ tll lhe: nllllllllUm nC:'l.:~~ary hlr th~ unuerslanuing uf phYS10logy.

1. O'1:...1IWIt

({C:Vl~10l\ \lt" ÎlllH,h .JIU.! the !:cncr~11 llrgal\lsalion lIf the Jlgesuvt: sys·

1c.:n1.

\illlllll\ IIi JI,J~l;,aSc.:~ Jl.:dul.:eu {n11ll Jll .1cuftclal 111gcstlon

Prup~nlc.:, III Jiaslascs.

- '" -
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Sludy of thl: l:1I111r"lclc arllrl\,."I;!l dl~Csll()11 IIf '\tan.:h and alhmncn of

Ihe white IIf an cgg.

The rc!\uil n( the tllgcstlon pf dlrrcre:ll fl1oli,

Simr1t: nllllnn nf th~ ah~orpll('\11 Ilf the rrndur.:h "i uq;csllon

( Ifnl{clll""

The hilloti PrCf"ar<JUlln .lItt! phscr'oJlilll\ III J blllOtt sl1\car.

The clements that form the hlllPd c:truclure ~Ind mie

The f"lasma. comrmsitlon Jnd mie

The hC;lrt : aniltomy and functlOn. followmg il direct observation of

the hcan of il frog ilnd the dis5CCtion of the heJr1 of :1 sheep.

Cardiac Jutomatism

J. Rr.rptrmÎI11/

RCVllilllll (If the ;lI1alol1lY pf Ihl: rc'\plfall 1ry 'i\-lilcm

Ga~ous ~~chanÇ!cs in the lung:!\ and in the tlSSUCCi

lclIuloir "'I<.I:1IIPI1 .Iml the re"'furatorv dIJ~la~Cc;

.J. Till' NrrW)fI.f S.v.'r~m

()h~crvatl(ln lIe a tral1!o1\'Cf!\C ~ccll(ln pf the \f"lllal cnrd and of a nerve.

l~ac.Jin!:! 10 the llo11on of the: n,ne riore Jnd tlle neuron. the white

Inatter .Inti the grey matter. and c;ynapsc

General constitution of the nen'nus ,YCilC:l1l. rullowmg the dissection

Ilf a vcrtchmtc (frn~) and of a Imllnrn:llJan encCrha(lll1 (~heCI").

Prol'1erllC\i of .1 ncuwn Cc:<cltability .1nt..l conductihility). Chemical

mediators,

Renexe~ :

Eltoerinlcntal Citudv of r:uell:tr rcne'c~ ln m:tn. Jnd the' medull:ny

reflexe~ in " (ro~,

The i1natotnic:~1 elemenu or the renex arc:.

Magendie'~ e~f'eriment5 and thc direetinn of :l nervnU$ innUl.

Tmf'C"rt:\nce nf renexe~.

The Rnle nf the lcrehnlm :

grnf'hienl ~.udy and medicnl oh~erv:uinn~.

vnfunt:L~ mnvcmenf ilnri c:nnr.cintl~ ~nsibility : ccrehral 1ocaliQtions.

cnnditiC"ned rene~e~ . roerfnrmilnc:e of :tn e~f'eriment. iml'Qrtance in

edueatinn.

The neurn-ve~etllive ~Y'tcm.
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• }. {fu' S~m(' (}rL:rlll~

AnatùlU)" Ilf lh~ L:~l.:ball. dc:Ju<.:cd fmm lh~ dl~Sel,;lHln u( the cye of Cl

l11ammal ('1h~c:r ur Il' 1.

• Ohsc:n .Illull Iii .1 [l\1~l"lI~l.:Llrl(: pr~rMalllll\ of lhl.: rellna.

rhe ll[llll:al I1ICl.:halll~m ll( visiun.

Rol~ llf llt~ r~lIna III \ ISlllll . \ l~ltll1 IIf dt:talb. VISlun of I.:uluurs. vi­

'1IUn 111 Ulnl Jlhl bnght light.

Rl.llc: uf the upllt.: Ih:n~ .!nJ llf lhe: t.:l.:rl.:brulll III \'ISlon.

(jc:ncrall\;llHlll IIr 1he Illlllun uf .\ '1~I1SC: llrl;all : reccplor. nervc. ner'

\"c C~111rc.

6. lIu: ",,,\dd

..\I\01'UlI1ll.:al .inJ 11l~lllh'~ll.:al ~lud~ of ;.L SlniJll.:ù muscle•

.\ ~lIl1pk ,ILllly ll( II~ rrlllclpai prupl.:rtll:s.

:\ graplllt.:;tl ~tul1y Il( Inu~t.:l1Jar I.:Olllractlnn.

7. /'Ile i:.lldllt'ftIl(· s.:lllllrl\

RC:VI~1l1l1 \li lhe dlffer~1\l ~ll1lis of glands l~xocnne and ~ndocnne)

"'Jotlun lit hormones.

:\ ~Ul1ll1l;lr'. Itf lhl.: .ll\;llomy and physiology of the lhyrold gland.

)illlpk Il''111111 IIi '1IIl1:r ::blll.!s aul.! thcir tIlflucncl: ln lire.

C PL.ANT BIOI.UliY 1 BulJlIYJ

1. (11 ~1I11l( \ u(lllltltl

hl'll"pll~111.111 11Ii Il. 111l\1

.11 L.\Pl.:flllll:lll.ll ";\lI.h:lH:e ni :

Llbcr~lllll" ,JI \n.ygen.

·\h~orJ1l1ll11 "f (.4rOOIl dlll\h.le

l'> 1 [llflUelll:C llf .; .\lernal t~lctorc;

LIglll. CO. lemneralure.

1./ IlIfluelll.:e t,f IIItl:rnal fal.:\UfS

J) The tltll1wrJhylJ :

E~lr:lctt(1n. s~pJrJtI(ln. rrtll"erueli.

t, )Yl1th~'IC\ or S:lcdlarilh:s.

rletfUl:C t!,C '\lllhesi5 il( I,ther nrglnic substance!.
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J. \/1"""'" ,., ""/1 1\ Il,,1,,,,,, r 1,1"'''f·i1dl (~"/""·I·I"I·(,1/ /'/,m(\1

;f N,·",,, ,U', '" fil ,rI'"It\

(;l'/len,J (', 'Ilt III,,""

(il'II~r;dllll" tIf 1hl" rt.:'rlr;lll1r~ rlWlllll11CI\OI1 111 llvlll~ \hln~s

The' l',11 hllU cn:lc

2. ()l'',,,'I \,111\111 ,,1 1l1ll,'1"1I'l'lIPIl" rrqlarallllll llf 'pCrll1alll/l1l1l1\ a III1 nf

11\ Il!C' 'If li irrcrclll :lIl1l1l&lb.

J. '~Il1I'h: 11.1111111 Id ~,III\·:I.,~c.:IIl"'" .llId krllll/allClIl

"c.:\I1;1I rl.:prlldlll:lItlll dcdun:d rrlllll 1111: \ludy ;llld I1h~crvatiol1 (I(

.111 c\amrl\,.' Ilf allllllai lire 1~c.:a·\Jrdllnl

... 1. 'P"'r1IllClllal '11ll1~ and <:hrllllll1'Pl1lal IIllcrrn:talllll\ 01 nt(ll1uh~ hntl

,IIHI dlll\hl"lti l:rtl"c... ~h:mh.:l\ la\\' (hl"l1ItlI'\lII1l:lI inlcrf1rdation.

.5. lite C\t1IUtltl/1 III" prg,IIlI~Il" dculU.:cd from 0.1 rah:olologlcal study

Ilhl.: ~111~\\;I.:U~~· Ilf \Clcntlfic Il,1\11<:S (If '\J'1'=CII:~ 1\ not rC4uiredL

u. 1he III,lIlt t!lellfl"" (If c\'(llulllll1 (1111"ICO ln ~lll1plc C'f1U"illlunl.

•
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