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ABSTRACT

This article handles with main ideas, pros and cons of natural science teaching. We
reflect the situation in Germany, while we want to give some information for the upcoming
Vietnamese situation. Natural Science as school subject is not a new idea but the current
development shows that educational political efforts is big in order to implement
integrated natural science teaching in school system. An historical insight shows that
integrated natural science teaching has always been focused by education scientists,
natural scientists, pedagogies, psychologists and education administration.
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TOM TAT
Day hoc tich hop mén khoa hoc tw nhién

Bai bao nay ban vé cdc quan diém chinh, cdc thudn loi va khé khan cua day hoc
khoa hoc fir nhién. Chang toi xem xét lgi Ainh hinh & nudce Pire, dong thoi ching t6i mudn
cung Cd}a thém thong tin cho tinh hinh sdp toi o Viét Nam. Khoa hoc tw nhién nhu la mot
mon hoc trong nha truong va khong phdi la mét y tuong moi mé, tuy nhién nhitng phdat
trién hién nay cho thdy cdc né lyc chinh tri va gido duc Ién trong viéc thue hién day hoc
tich hop khoa hoc tw nhién trong hé thong trwong hoc. Nghién ciru sdu trong lich sir cho
thcfy day hoc tich hop khoa hoc tw nhién luén luén dwoc xem trong boi cac nha khoa hoc
gido duc, khoa hoc ty nhién, s pham, tam li va quan li gido duc.

Tir khoa: Day hoc tich hop, giao duc khoa hoc tu nhién, day hoc khoa hoc tu nhién.

1. Situation in Vietnam — Challenge for the Vietnamese Education System

The education reforms will have an impact on the education system in Vietnam.
Educational-political decisions concern structure, organization and of course the
content of the curricula. There is careful orientation towards pupil’s potential, wishes
and needs. The reformation measures are seen as necessary in academic professional
circles. In public media expert discussions focus pedagogical issues, on the background
of the newest scientific developments and understandings.
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The planned implementation of the school subject “Natural science” affect in
particular teachers at schools as well as academic lecturers at the corresponding
pedagogical, methodological and all natural science institutes. That is our impression
from our many researching and lecturing visits at the Ho Chi Minh City University of
Education and the Hanoi National University of Education. In many discussions with
lecturers of the chemistry departments we have seen that there is a desire to get an
insight from another perspective. On this background we have compiled important
thoughts of the German scientific community.

2. Situation in Germany — Developments and Tendencies since 1970 Base of
our Assessment of Value

We concentrate the developments in Germany in aspects, which seems to be
helpful and meaningful for Vietnam from our perspective. We consider relevant
literature in German language that we have researched in our Database FADOK
(University of Paderborn). FADOK documents and describes about 60.000
publications in professional journals concerning chemical education in the broadest
sense since 1900. In our assessment of value we also consider our experiences from
longtime profession as teacher, lecturer and researcher.

In the whole period segments the amount of publications concerning integrated
natural science teaching have been almost constant (compare Tab). The period until
1980 was dominated by fundamental thoughts concerning integrated natural science
teaching (legitimation, education, curricula, themes, implementation and so on). It was
hoped to improve the image and the situation of the single disciplines.
“Gesamtschulen” (an integrated school form) have been established in 1975. At these
schools Natural science have been taught for the first time. Newest publications about
theory of an integrated natural science subject focus intensively learning psychological
and education theoretical findings. Publications since 2000 are dealing in particular
with teaching relevant aspects. In this frame fixations and programs are tested,
optimized, therefore reflected and perhaps implemented.

The amount of publications concerning the curricula since 1980 mirrors the
political-educational decision. Curricula has been changed in the period between 1970
and 1975. Impulses from outside (USA, UK) have also been “handled”, but without
reflecting.

159



TAP CHi KHOA HOC BHSP TPHCMDao Thi Hoang Hoa et al.

Tab.: Publications in professional journals concerning integrated natural science
teaching and curricula in our database FADOK (search term: integr*)

i integrated — integrated —
Period . . N
teaching curricula
since 1980 19 14 33
1981-2000 21 4 25
2001-2014 28 10 38
N 68 28 95

3. Inter-disciplinarity, Intra-disciplinarity, Disciplinarity — A Complicated
Relation in View of Integrated Natural Science Teaching

The efforts for an integrated natural science teaching in Germany are — especially
since 1970 - a sensitive indicator for changing educational-political programs and
decisions. The “pros” and “cons” for an implementation of an integrated natural
science teaching assess the learning psychological dimension of the relation between
“Inter-disciplinarity” (Natural science) and disciplinarity (Chemistry, Physics, Biology,
Geography,...) in a controversial way: Beginning from the “Entireness” is suitable to
life situations and therefore to pupil’s needs but this makes it difficult getting access to
the different single disciplines. Teaching the single disciplines is less close to real life
and pupil’s needs but that makes it easier for pupils to learn the structure of the
discipline, their terms, meanings as well as model imaginations. These arguments still
stand opposed to each other in a dialectical and unconnected way. An “objective”
decision is complicated and nearly impossible. In addition it is important to notice that
integrated natural science teaching, concerning related disciplines, is mostly seen as
intra-disciplinary teaching. In Germany the meaning of integration in a pedagogical
way is wider, it means the fusion of all subjects with each other. Such a teaching would
be an inter-disciplinary teaching in the right understanding of the term “integration”.

4. Main Content for an Integrated Natural Science Teaching — A Problem
That Still Needs to Be Solve

An implementation of the subject “Natural science” relies on contents that makes
similarities in the diversity learnable for the pupils. This is a very complicated mission,
because the contents, the objects of the single disciplines are so different and
heterogenic, although all single discipline focus on the first sight on nature and
environment. A natural science education could be determined as “general education
for all” by the researching methods and processes of the all disciplines, while a
differentiation of the single disciplines shouldn’t be neglected. Such complicated issues
has been focused in scientific-theoretical reflections since 2000 (compare Tab).
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The subject “Natural science” must accent the similarities as well as disciplinary
different structures. It would be possible to realize a “real” integrated teaching that
mainly handles with the empiric orientated finding methods of the disciplines
(experiments, experiences, realities, observations, perceptions, activities) as well as
thinking methods in the meaning of model building and modeling. The interaction
between research objects and modeling are the base of understandings, interpretations
and prognoses. Empiricism and the thinking in models, finding activities of the single
natural science disciplines like induction, hypotheses, deduction, hypothetical
deduction, generalizing, analyzing, analogy forming, falsification, and so on must be
conveyed for learners. Pupil will learn, how knowledge is build and how scientific
knowledge is utilized and exploited. Application contexts are independent from
cultural influences for example materials, technology, human-being (senses,
perception, body, health and so on) occupation, production, environment (weather,
universe), economy, ecology, daily life and so on. Meaningful projects in Germany for
integrated natural science learning and teaching practice have had different key aspects:
PINC (In German “Projekt Integriertes Naturwissenschaftliches Curriculum”, in
English “Project of integrated natural science curriculum”, about 1975-1980) has
focused social, industrial and technological contexts, while the PING project (In
German “Praxis Integrierte Naturwissenschaftliche Grundbildung”, in English
“Practice of integrated natural-scientific general education”, started at 1995) has
focused individual self-reliance and experiences of pupils.

5. Organization and Structure — In Practice

Each single state of Germany supports and implements the idea “Integration”
indifferent ways through administrative measures that means by concrete curricula,
school books, learning materials and so on. Integration was an answer to the low
efficiency of the single disciplines, especially chemistry and physics. “Sachuntericht”
(General studies) at primary school (From 1% until 4" grade) prepares pupils for a
integrated natural science teaching. Integration of natural science has been most
effectively realized for the 5™ and 6" grade (elementary instruction) at a new school
type in Germany called “Secondary schools” (since 2010), where integrated natural
science teaching bases on tested conceptions and topics. The conception of PING (see
above) determines teaching curricula, teaching structure and also teaching practice. At
secondary schools integrated natural science has been mostly taught additive in the
past: Single subjects has been taught isolated side by side and they have been
connected ideological by with common preamble and guidelines. In the frame of model
experiments a few schools in Germany have the possibility to develop and modify
suitable curricula. The amount of designed curricula has increased in the last past
years. That has strengthen the natural science teaching at those schools. In this context
science teachers have cooperated successful with each other.
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Teacher training - especially for the primary school — must face the challenge
training students for “Natural science”. In the past students had to study all academic
single disciplines, that means also additive. It is feared that such a model could
strengthen the role of the teacher as a scientist, because science teacher must have solid
knowledge and competences in every single discipline. But findings show that studying
“Natural science” could also boost reflecting competences and the interests in
didactical issues of the teacher students. In the last past years several universities have
established study programs that adapted the reformations, while their evaluations are
also base of the research projects. Educational Politics invest a lot in further education
for natural science teacher. There is a lot of additional support by Chemists, Chemical
industry, Economy, Teacher organizations, foundations and so on. They all invest a lot
of efforts to the MINT-program (Mathematics, Informatics, Natural science and
Technology) an out-of-school project. But there are also specific professional
associations that criticize this as well. They are afraid, that special standards of the
single disciplines will be neglected.

6. Theory and Practice—Research and Teaching

The idea and realization of integration lives on the interaction of theory and
practice. In the period since 2000 (compare Tab.) a lot of feedback out of the practice
has been used in order to face the didactical theory with the teaching reality. The
findings are discussed at didactical expert conferences — e.g. 2013 for the last time.

There are findings that show integrated teaching

e has an positive emotional effect on pupils

e can stimulate learning in a constructivist, dialogical and dialectical sense
e strengthen self-reliance and self-awareness of pupils

e expand the method repertoire of the pupils

e boost experimental competences of pupils

e stimulates cross-linking competences of the pupils

e minimizes gender differences in learning science.

In connection to PISA 2000 it has been indicated that integrated natural science
teaching can improve learning results. Other studies have shown that teaching single
disciplines is more effective than integrated teaching. Several universities have
initiated research projects in order to test curricula in a scientific way. But finding
suitable themes is still a big challenge. In practice “Natural science teaching” has been
seldom offered additionally and parallel to the single disciplines.

7. Impulses for the Teaching Practice — Chances for Integration

In the daily teaching reality teachers in Germany always had and have the
opportunity to connect specific contents with any topic that belongs to another subject -
and therefore integrative - but without an independent subject “Natural science”
(compare Fig.). This can be documented by a high amount of publications (more 5000
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in a raw research) in professional journals since 1945 listed in the German database
FADOK. It has been always usual to extend the subject teaching intra-disciplinary
(with chemistry, physics, biology) or inter-disciplinary (with history, art, geography,
and so on). In fact this is a well known didactical principle, because such a connecting
teaching can show the meaning and importance of single disciplines in a meaningful
relation to contexts and daily life. School should prepare pupils for this.

We want to list effective measures realizing integrative aspects in teaching at
schools without fixed curricula for a “Natural science” subject. Suitable measures are
(compare Fig.):

e realizing of projects (more than 3000 publications documented in FADOK)
e teaching of/about holistic topics (nutrition, cleaning, washing, cooking, energy,
environment, health, and so on)
e connection to daily life and also perspectives for occupation and occupation
groups
e special integrated elective subjects
These “soft” ways —so called integrative principle (see above)- ways in order to

integrate single disciplines has a long tradition (see above). Such publications haven’t
been considered in this article (see above).

Subject Connectlng

; { Basm Natural Smence Conceptlons ‘
[ Project\,‘" '''''''''''''' (Work Energy, Environment,
- - \Economy,...

Subject LScience” as Extra Class ---»;/f-

fbroject groups (obtional teaching)j,:

Fig.: Possibilities for integrated natural science without an extra subject “Integrated
Natural Science” (From German perspective)

8. Integrated Natural Science Teaching - Conclusion

An integrated natural science teaching is theoretically legitimated — no doubt.
Natural science teaching makes pupils aware of what they experience unconsciously
everyday: All life realities and everyday life relations are complex, and complicated
due to a versatile interaction of different disciplines. In order to implement these
perspectives into teaching reality a lot of effort, “special” curricula and a suitable
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teacher training is needed. From our perspective an only intra-disciplinary integrated
teaching, that just handle with chemistry, physics and biology, is about to isolate
natural science more. Therefore it is necessary to regard non-natural science disciplines
as well. Natural science would be presented more lifelike. Regarding the personal
development pupils would profit by that much more.

The efforts in Germany to find a suitable place for integrated natural science
teaching in school or to make natural science teaching equal-ranking to the single
disciplines are massive — on every level (education administration, university, school).
It has been shown that integrating practicing teacher into research projects is very
effective. From our perspective this is necessary. Practicing teachers can give useful
impulses when they are participating research projects: Such a process will be very
creative, because science teacher cooperate with each other. Many model experiments
in Germany utilize this and they research about this also.

The trend natural science as an idea and approach has a lot of potential, it gives a
lot of possibilities to create teaching. But exact determined curricula (content, goals,
methods, experiments, didactical principles) also could have a undesirable effect, when
this full planned teaching neglects situational learning of science, which focuses the
interest and needs of the pupils.

The questions,

e how effective is an integrated natural science teaching,
e which standards of integrated competences of the pupils can be measured,
e which goals can be reached in a long term and
e which image can integrated natural science teaching generate for the often
criticized science in general and chemistry in special
haven’t been answered sufficiently in Germany yet.

Experts are working on it.
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Notes to the literature:

Like our article has shown discussions concerning integrated natural science teaching
have had a long tradition. The article has also marked temporal highlights of the
educational policy discussions. A selection of the great diversity of articles is
problematical. From our perspective we list trend-setting contributions — especially in the
period until 1990 and from 2010:

e FREISE, G.: Chemie in der Schule. Zur Problematik des naturwissenschaftlichen
Unterrichts. In: DS 61 (1969), p. 139

e FREISE, G.: Naturwissenschaft und Allgemeinbildung. In: DS 64 (1972), p. 170

e FREISE, G.: Das Leben - die Naturwissenschaften - die Schiiler. In: NiU-PC 31
(1983), p. 17

e FREISE, G.: Der Naturbegriff der Naturwissenschaften
oder von der Notwendigkeit, den "natur" wissenschaftlichen Unterricht neu zu konzipieren.
In: chim.did. 19 (1993), p. 123

e FREISE, G.: Interdisziplindrer Unterricht oder Zementierung der Realfacher
Die Frage nach der Beziehung zwischen Schulfachern und Fachwissenschaften, dargestellt
am Beispiel der naturwissenschaftlichen Unterrichtsfacher. In: NS 11 (1971), p. 369

e ZENKER, V.. G. Freises neuester Angriff auf den facheigenen selbstdndigen
Chemieunterricht. In: NiU 19 (1971), p. 441

e GAERTNER, K.-H.; Tyczewski, T.: Fé&cherlibergreifende Aspekte im IPN-
Curriculum-Chemie fur die Orientierungsstufe. In: NiU (1973), p, S. 248

e JAECKEL, W.; KUNzLIl, R.: Zur Neugestaltung des naturwissenschaftlichen
Unterrichts in der Sek.l - Bericht (ber das IPN-Symposium Integriertes Curriculum
Naturwissenschaft der Sek.l. In: NiU 21 (1973), p. 411

e FREY, K.: Der Begriff "Integriertes Curriculum Naturwissenschaft”. In: MNU 27
(1974), p. 214

e HecHT, K.: Uberlegungen zu integrierten naturwissenschaftlich-technischen
Grundkursen der Studienstufe. In: MNU 27 (1974), p. 129

e HERMANNS, R.: Das "Projekt Wupper" und seine Integration in die Zielsetzung des
Chemieunterrichts der gymnasialen Oberstufe. In: MNU 36 (1983), p. 223

e PASTILLE, R.: Fachiibergreifender Unterricht zum Thema Umwelt am Beispiel
"Berliner Luft" - Zur Realisierung der Umwelterziehung an Schulen. In: chim.did. 13
(1987), p. 225

e BAURMANN, E.: Fachubergreifender naturwissenschaftlicher Unterricht in der
Sekundarstufe | - Tagung des Europarats in Exeter, 8. bis 14. September 1974. In: MNU 28
(1975), p. 117

e NODING, M.; NODING, S.: Das Brot (I,II) - Ein facherverbindender Beitrag zu
einem naturwissenschaftlichen Themenkreis. In: NiU 18, 19 (1970, 1971), p. 539, 89

e BECKER, H.-J.: Fachdidaktische Impulse (Berichte). In: PAN-Ch 31 (1982), p. 380

e  SCHEIBLE, H.: Analysieren. In: NiU-C 1 (1990), no. 3, p. 2
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e WEGNER, G.; STUBS, R.: Fachibergreifende Schiilertatigkeiten in Klasse 7 -
Anregungen zur Diskussion. In: Csch 37 (1990), p. 219

e SCHMIDT, H.-J.: Bericht von der ICASE-Tagung "Integrated Science Education
Worldwide™ - 28. Mdrz bis 7. April 1978 in Nijmegen. In: MNU 31 (1978), p. 306

e HEecHT, K.: Facherverbindende naturwissenschaftlich-technische Unterrichtskurse -
Vorschlage fur fachdidaktische Forschung und Entwicklung. In: MNU 37 (1984), p. 394

e EPSCHTEIN, D. A.: Polytechnische Bildung und ihre Vermittlung im sowjetischen
Chemielehrgang. In: Csch 20 (1973), p. 104

e  KOHNLEIN, W.: Arbeitstreffen "Fécherlbergreifender naturwissenschaftlicher
Sachunterricht in der Grundschule” am 6. April 1984 in Hildesheim. In: SMP 12 (1984), p.
311

e SCHAER, M.: Neuere Ansatze in der Fachdidaktik Chemie in der Schweiz. In:
GDCP 19a (1990), p. 64

e STORK, H.: Gemeinsame Themenbereiche und Strukturen des Chemie- und
Physikunterrichts - ihr Beitrag zu Erziehung und Allgemeinbildung. In: GDCP 14 (1985),
p. 17

e Quitzow, W.; RIEDEL, D.: Gesellschaftliche Arbeit als Leitprinzip des
naturwissenschaftlichen Unterrichts. In: GDCP 3 (1974), p. 278

e KASBOHM, P.. Integrierter naturwissenschaftlicher  Sachunterricht oder
grundlegender Fachunterricht in der Primarstufe?. In: SMP 5 (1977), no. 12, p. 573

e GEORG, J.: Naturwissenschaftliches Arbeiten - Ein Hauptfach in der Realschule in
Baden-Wiirttemberg. In: NiU-C 23 (2012), no. 4/5 (130/131), p. 14

e STAUDEL, L.; ReHM, M.: Naturwissenschaftlicher  Anfangsunterricht
Wurzeln, Konzepte, Perspektiven. In: NiU-C 23 (2012), no. 4/5 (130/131), p. 2

e TRIEBEL, J.: Das Unterrichtsfach Mensch - Natur - Technik. In: NiU-C 23 (2012),
no. 4/5 (130/131), p. 16

e LEE, J.-S.: Offering English-Mediated Chemistry Classes in South Korea: A Note
on This Nationwide Experiment. In: J.Chem.Educ. 87 (2010), p. 470

e DuncaAN, K.A.; JOHNSON, C.; MCELHINNY, K.; NG, S.; CADWELL, K.D.; ZENNER
PETERSEN, G.M.; JOHNSON, A.; HOROSZEWSKI, D.; GENTRY, K.; LISENSKY, G.; CRONE,
W.C.: Art as an Avenue to Science Literacy: Teaching Nanotechnology through Stained
Glass. In: J.Chem.Educ. 87 (2010), p. 1031

e EILKS, |.; FEIERABEND, T.; HOSSLE, C.; HOTTECKE, D.; MENTHE, J.; MROCHEN, M ;
OELGEKLAUS, H.: Bewerten lernen und Klimawandel in vier Fachern - Einblicke in das
Projekt "Der Klimawandel vor Gericht” (Teil 2) - . In: MNU 64 (2011), p. 72

e KRIEGEISEN, J.; STOCKINGER, M.: Schulversuch “"Naturwissenschaften” - ein erster
Erfahrungsbericht. In: CuS 25 (2010), no. 3, p. 6

e FRUBOSE, C.; ILLGEN, J.; KOHM, L.; WOLLSCHEID, R.: Unterricht im integrierten
Fach Naturwissenschaften - Erfahrungen aus gymnasialer Sicht. In: MNU 64 (2011), p.
433

e ANTON, M.A.: Nawi-Bildung als Synopse inner- und auferschulischer
Lernangebote. In: GDCP 38 (2010), p. 318
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e KLOs, S.; SUMFLETH, E.: Evaluation eines integrierten Naturwissenschafts
Projektunterrichts. In: GDCP 38 (2010), p. 402

e GOHRING, A.; HAMBURGER, M.: Modellversuch Naturwissenschaft und Technik:
integrierte Lehrerbildung. In: GDCP 39 (2011), p. 289

e  SCHONBORN, A.; KREMER, M.; GOTz, T.: Von Einstellungen und Haltungen im
naturwissenschaftlichen Unterricht. In: MNU 65 (2012), p. 309

e KuNz, H.: Das Fach Naturwissenschaften - Eine Basis fiir die Chemie. In: NiU-C
23 (2012), no. 4/5 (130/131), p. 28

Shortcuts of the journals:

e DS = Deutsche Schule (In English: German School)

e NS = Neue Sammlung (In English: New Collection)

e NiU - PC = Naturwissenschaften im Unterricht — Physik/Chemie (In English:
Natural Science in Teaching Physics/Chemistry)

e NiU - C = Naturwissenschaften im Unterricht - Chemie (In English: Natural
Science in Teaching- Chemistry)

e MNU = Mathematisch-naturwissenschaftlicher Unterricht (Mathematical-Natural
Scientific Teaching)

e GDCP = Gesellschaft fur Didaktik der Chemie und Physik (Society for Didactics of
Chemistry and Physics)

e CuS = Chemie und Schule (In English: Chemistry and School)

e JchemEduc = Journal of Chemical Education

e Chim.did. = chimica didactica (In English: Chemistry Didactics)

e PdN-C = Praxis der Naturwissenschaften-Chemie (In English: Practice of Natural
Science — Chemistry)

e  Csch = Chemie in der Schule (In English: Chemistry in School)

e SMP = Sachunterricht und Mathematik in der Pimarstufe (In English: ,,General
Science* and Mathematics in primary school)

On request we will refer to literature which concern specific themes or arrangements for
teaching. For research requests please contact: hbecker@mail.uni-paderborn.de
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