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FOREWORD

This training material was prepared to emphasis the importance of constructivist
science and science laboratory teaching/learning approaches. Using laboratory to
enhance student learning and scientific inquiry and some related factors are focus
of this study. Trainee science teachers and in service science teachers (physics,
chemistry, biology) have been thought as the target group of this material. In order
the persons can get detailed knowledge most of the data about the subjects were
intentionally collected from the contemporary websites. Readers can have possi-
bilities to understand the subjects deeply using next readings and references at the
and of the units and also internet search engines. In order to be understandable ea-
sily a basic language were preferred on reporting the subject knowledge of the
material much more than academic language. Because the main body of the data
is originally in English language, we want toleration of Turkish readers on Turkish
parts if there is some minor problems making understanding the subjects a bit dif-
ficult.

ONSOZ

Bu egitim materyali yapilandirmaci yaklagima dayali fen ve laboratuar egitim-
ogretim yaklagimlarinin énemini vurgulamak iizere hazirlanmigtir. Ogrenme ve
bilimsel arastirma becerilerinin gelistirilmesinde laboratuar kullanimi ve bunlara
etki eden etmenlerle ilgili baz1 6zellikler bu ¢alismanin odak noktasini olustur-
maktadir. Fen bilgisi ve fizik, kimya, biyoloji 6gretmen adaylar1 ile bu branglarda
gorev yapan Ogretmenler bu materyalin hedef kitlesi olarak diisiiniilmiistiir. Bu
egitim materyali ile ilgili daha genis bilgi edinmek isteyenler ile her yerden kolayca
erisilebilir olmas1 amaciyla ilgili konular secilirken 6zellikle internet sitelerinden
alintilar da yapilmistir. Okuyucularimiz konularla ilgili daha genis agiklama ve
orneklendirmelere konularin sonunda verilen kaynaklardan, tavsiye edilenlerden
yararlanarak ve internet arama motorlarini kullanarak daha detayli 6grenme imkani
bulabilirler. Yer verilen konularin ifadesinde akademik tisluptan ziyade daha sade
ve kolay anlasilir bir dil kullanilmaya c¢alisilmistir. Ancak Tiirkge geviri kisminda
ise orjinalinin Ingilizce olmasi nedeniyle anlasilmasinda ortaya ¢ikabilecek kiigiik
sikintilardan dolay1 okuyucularin hosgdriisiinii talep ediyoruz.



Unit 1

Constructivist Science and Laboratory
Education Resources

Objectives:

* To be aware what constructivist science is
* To know the steps of constructivist science laboratory instruction

Scientific knowledge is comprised of two distinct, yet interrelated, components: the-
ory and empirical evidence. Understanding the interrelations between these two com-
ponents is crucial to the understanding of what science is and how it works (Hav-
dala and Ashkenazi, 2007; Kuhn & Pearsall, 2000).

The Theory of Constructivism

The single statement that captures the essence of constructivism is that knowledge
is constructed in the mind of the learner. This statement can be expanded to five
other propositions or postulates of constructivism, from which implications for lab
work will be derived (Shiland, 1999):

1. Learning requires mental activity. The process of knowledge construction requires
mental effort or activity; material cannot simply be presented to the learner and learned
in a meaningful way.

2. Naive theories affect learning. New knowledge must be related to knowledge
the learner already knows. The learner has preconceptions and misconceptions, which
may interfere with the ability to learn new material. These personal theories also
affect what the learner observes. Personal theories must be made explicit to facil-
itate comparisons.

3. Learning occurs from dissatisfaction with present knowledge. For meaningful
learning to occur, experiences must be provided that create dissatisfaction with one’s
present conceptions. If one’s present conceptions make accurate predictions
about an experience, restructuring (meaningful learning) will not occur.

4. Learning has a social component. Knowledge construction is primarily a social
process in which meaning is constructed in the context of dialogue with others.

Cognitive growth results from social interaction. Learning is aided by conversa-
tion that seeks and clarifies the ideas of learners.
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5. Learning needs application. Applications must be provided which demonstrate
the utility of the new conception.

Students are players and protagonists during teaching activities through a contin-
uous process of discovery, investigation, research and synthesis. Students attempt
to give answers to multiple questions arising from the observation of scientific phe-
nomena or from the solution of problematic issues. In this context, the building of
concept maps allows students to become aware of their knowledge building process-
es whilst also representing the knowledge synthesis operated by students (Berionni
and Baldon, 2006).

Science laboratory and learning environment

Science laboratory activities are structured around the search for coherent and cor-
rect answers to questions aroused in students through random or programmed ob-
servation (Berionni and Baldon, 2006).

The questions asked spontaneously by students are not “basically different” from
those that guide and urge investigations, discoveries and definition of scientific the-
ories. Evidently, in view of the very young age of the students, questions arise from
within a context of factual experiences where real knowledge may still coexist with
misconceptions and fantasy (Berionni and Baldon, 2006).

Science teaching with a laboratory teaching method orientates the search for an-
swers and coherent and correct explanations through learning processes in which
students work and interact to gain the new knowledge that will allow them to read
the cause of scientific phenomena or the explanation of observed situations (Be-
rionni and Baldon, 2006).

In this teaching practice students and teachers play well-defined roles, that is to say
invert the direction of traditional transmissive teaching, creating a learning-teach-
ing process in which the student is given a central role as protagonist and the teacher
a second-level role as organizer, guide and facilitator of teaching processes.

Designing the learning environment

Designing a science laboratory means to elaborate teaching practice and teaching
role in a constructivist approach in which knowledge gained by students is an ac-
tive process. The teacher prepares and organizes materials, procedures and relevant
contexts to urge and guide self-learning processes (Berionni and Baldon, 2006):



With his/her expert map, the teacher defines:

* the knowledge field to promote
* the aspects to investigate
* the knowledge synthesis at which the students should arrive.

Once activities start, the class of students becomes the protagonist and each stu-
dent is the main actor in a knowledge process that generates significant learning
whenever students structure, integrate and reconfigure their previous knowledge.
The teacher recedes from the foreground and only provides inputs, stimuli, sug-
gestions to strengthen and direct the thinking procedures and strategies activated
by the students (Berionni and Baldon, 2006).

Promoting and addressing knowledge processes

Receding from the foreground means for the teacher to avoid giving explanations,
examples and direct answers, whilst guiding students towards active processes, such
as analysis, observation, comparison, and the search for alternative routes in prob-
lem-solving (Berionni and Baldon, 20006).

Knowledge is considered an active, unique and personal process for each student
through interaction and social cooperation with the other students of the class in
a perspective that refers to social constructivism paradigms (Varisco 2004). Con-
sequently, the teaching activity is expressed according to three guidelines:

* to address the students’ action towards multiple routes, searching for logical,
coherent solutions and explanations, solicited and anchored with a concrete con-
text;

* to promote collaboration, discussion, mediation, negotiation with the other stu-
dents;

* touse language and c-maps as tools for reflection, reasoning, analysis and syn-
thesis.

The science laboratory becomes the learning environment where students work to-
gether, helping each other, and learning how to search for and use tools and resources
in problem solving situations. The teacher facilitates, encourages, promotes activities
in which students interact, design, express and discuss solutions, ideas and theo-
ries (Berionni and Baldon, 2006).

The Implications of Constructivism for Laboratory Activities

From each of these postulates, a corresponding generalization and specific impli-
cations for modifying laboratory activities follows (Shiland, 1999):



Learning requires mental activity; therefore modify labs to increase the cogni-
tive activity of the learner.

1. Have the students identify the relevant variables. Students can be asked
to identify controlled and uncontrolled variables.

2. Have the students design the procedure or reduce the procedure to the es-
sential parts. The best labs to decookbook are those that have simple pro-
cedures that are easy to explain to the students. If the procedure cannot be
designed safely, then the students might be asked to explain why certain steps
in the procedure are done in a certain way.

3. Have the students design the data table. Designing data tables is an easy
first step toward modifying your labs and has been mentioned as a way to
move labs toward inquiry.

4. Use a standard lab design worksheet. Have a standard format that uses
the important concepts in experimental design (problem statement, hypothesis,
variables, constants, data tables, summary, and conclusions).

5. Have students suggest sources of error in the lab and modifications to elim-
inate these sources of error, and raise questions about the lab. Comparisons
of data between groups in class and between classes may raise questions about
sources of variation. Students can produce questions by substituting, elim-
inating, or increasing or decreasing a variable.

Naive theories affect learning: therefore design labs to learn what these are.

6. Move the lab to the beginning of the chapter. Moving the lab to the be-
ginning may create interest in the material to be learned and give the teacher
a chance to diagnose misconceptions the student may have. Use the lab as
the beginning of a learning cycle.

7. Have students make predictions and explain them before the lab. Having
students make predictions creates interest in the outcome. In addition, have
students explain the basis for their predictions using their present ideas. Ide-
ally, the problem presented will be one which creates dissatisfaction with their
present understanding. Challenge students to come up with alternative hy-
potheses.

Learners must be dissatisfied with their present knowledge: therefore design labs
as problems to challenge their present knowledge.
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8. Rewrite the lab as a single problem whose solution is not obvious. Solu-
tions to the problem cannot be obvious. Change your role in the lab to that
of problem poser and facilitator. Some possible topics for chemistry inves-
tigations have been given in the literature which essentially involve the state-
ment of a given problem.

Learning has a social component: therefore design labs to include group and whole
class activities.

9. Give the students an opportunity to discuss their predictions, explanations,
procedures, and data table before doing the lab, and give them an oppor-
tunity to present their results after the lab. The process of formulating an
opinion to express and share with a group promotes reflection.

Learning needs application: therefore design labs to require students to find or
demonstrate applications.

10. Give students an opportunity to demonstrate applications after the lab.
Students need opportunities to use new ideas in a wide range of contexts.
Tasks (assignments)

1. What are the postulates of Constructivism?
2. How can you modify the implications of constructivist
laboratory activities?

Case Study

i £
ag S

Before the laboratory session; the teacher asked the students to identify controlled
and uncontrolled variables of the experiment. He also asked the students to explain
why certain steps in the procedure are done in a certain way. He also asked the stu-
dents to explain and compare the concepts of the experiment (interrelations, dif-
ferences and similarity etc.). Why do you think so? Are you sure? Why? If the tem-
perature had been higher what would happen? What do you infer from the result
of the experiment, why? etc.

2
Questions to Case Study @Em

1. What may be the target of the teacher with the question to ask the student
about the certain steps of the procedure?

2. Why do you think that teacher ask so many questions to the students? Do
you think it is necessary?



Summary

Science teaching with a laboratory teaching method orientates the

search for answers and coherent and correct explanations through

learning processes in which students work and interact to gain the new
knowledge that will allow them to read the cause of scientific phenomena or the
explanation of observed situations. And also constructivist science teaching plays
a crucial role in affective science teaching.

Frequently Asked Questions
I am a trainee science teacher and I am having trouble to find out

student misconceptions and naive theories. How can I improve my
ability to find out student misconceptions?

¢

Answer the question above

It is recommended to read the first chapter and try to determine the sample ques-
tions types in order to question students to determine their misconceptions and also
insufficiencies to explain something.

Next reading

Wiske, M.S. (1998). What is teaching for understanding? In Wiske, M..S. (Ed.) Teach-
ing for understanding: Linking research with practice. San Francisco: Jossey-Bass
Publishing.

Lazarowitz, R., & Tamir, P. (1994). Research on using laboratory instruction in sci-
ence. In D.L. Gabel (Ed.), Handbook of research on science teaching and learning
(pp. 94-128). New York: Macmillan.

References
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Unit 2

Constructivist Science Teaching Techniques

Objectives:

* to foster a learning environment supporting conceptual understanding;
* to promote positive attitudes toward science learning.

Constructivist Teaching and Learning Models

Constructivism is an approach to teaching and learning based on the premise that
cognition (learning) is the result of “mental construction.” In other words, students
learn by fitting new information together with what they already know. Construc-
tivists believe that learning is affected by the context in which an idea is taught as
well as by students’ beliefs and attitudes.

Constructivist teaching is based on recent research about the human brain and what
is known about how learning occurs. Caine and Caine (1991) suggest that brain-
compatible teaching is based on 12 principles:

1.

“The brain is a parallel processor” (p. 80). It simultaneously processes many
different types of information, including thoughts, emotions, and cultural knowl-
edge. Effective teaching employs a variety of learning strategies.

“Learning engages the entire physiology” (p. 80). Teachers can’t address just
the intellect.

“The search for meaning is innate” (p. 81). Effective teaching recognizes that
meaning is personal and unique, and that students’ understandings are based

on their own unique experiences.

“The search for meaning occurs through ‘patterning’ “ (p. 81). Effective teach-
ing connects isolated ideas and information with global concepts and themes.

“Emotions are critical to patterning” (p. 82). Learning is influenced by emo-
tions, feelings, and attitudes.

“The brain processes parts and wholes simultaneously” (p. 83). People have
difficulty learning when either parts or wholes are overlooked.
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7. “Learning involves both focused attention and peripheral perception” (p. 83).
Learning is influenced by the environment, culture, and climate.

8. “Learning always involves conscious and unconscious processes” (p. 84). Stu-
dents need time to process ‘how’ as well as ‘what’ they’ve learned.

9. “We have at least two different types of memory: a spatial memory system,
and a set of systems for rote learning” (p. 85). Teaching that heavily empha-
sizes rote learning does not promote spatial, experienced learning and can in-
hibit understanding.

10. “We understand and remember best when facts and skills are embedded in nat-
ural, spatial memory” (p. 86). Experiential learning is most effective.

11. “Learning is enhanced by challenge and inhibited by threat” (p. 86). The class-
room climate should be challenging but not threatening to students.

12. “Each brain is unique” (p. 87). Teaching must be multifaceted to allow stu-
dents to express preferences (http:/www.ncrel.org/sdrs/areas/issues/envin-
mnt/drugfree /sa3const.htm).

Using ICT

Derek and Campbell, 2005 reports about ICT that; in the last few years there has
been a shift from the use of science as a vehicle through which students learn to
use ICT skills to the use of ICT skills as tools to assist learning in science. There
has also been growing interest in the use of ICT to support whole class teaching
and learning to complement ICT based activities for individual students. This
has led to greater emphasis on the role of the teacher and recognition of the need
for training to help them learn operational skills to use new equipment and soft-
ware and, crucially, application skills to ensure that new technologies add value
to learning (Derek and Campbell, 2005).

There is considerable evidence that learners are more highly motivated when their
learning is supported by ICT. Newton and Rogers (2001) provide a review of claims
and evidence. It is now recognized that (Derek and Campbell, 2005):

*  ICT has a positive impact on teaching and learning in the classroom students
are more engaged in activities, they show increased interest and demonstrate
a longer attention span;

*  ICT can provide access to a huge range of resources that are of high quality
and relevant to scientific learning.
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*  However, in some cases ICT resources are less good than conventional al-
ternatives and do not add to learning;

*  the multi-media resources available enable visualisation and manipulation of
complex models, three-dimensional images and movement to enhance un-
derstanding of scientific ideas;

*  ICT widens the range of material that can be used in teaching and learning to
include text, still and moving images and sound, and increases the variety of
ways that the material can be used for whole class and individual learning. This
means that a teacher can go some way to meeting the needs of students with
different learning styles. ICT also allows teachers with different teaching styles
to modify materials and the way they are used in different and effective ways;

e ICT can improve the quality of data available to students. Information gleaned
from the Internet can be more up to date, and data obtained from loggers can
provide more frequent and more accurate experimental readings;

»  Computers allow repetitive tasks to be carried out quickly and accurately so
that more student time can be spent on thinking about the scientific data that
has been generated;

*  ICT can extend learning beyond the constraints of a traditional teaching space.
An activity started in one classroom can be continued in a different room lat-
er in the day or at home in the evening;

» ICT provides opportunities for science teachers to be creative in their teach-
ing and for students to be creative as they learn.

A basic level of skills in the use of ICT hardware and software is required by all
science teachers. The role of the teacher in using ICT in science is changing. When
ICT facilities are brought into the science teaching space, the teacher becomes the
main driver of ICT use.

Tasks (assignments)
1. What does “each brain is unique” mean? \ $G

2. What can you say about the effect of using ICT in science weacning /

15



Case study

After getting information about students’ pre-knowledge; teacher
began to explain the subject. But every student constructed his/her -
knowledge similarly but also in a different manner. Their emotions, v
culture was a bit different. But when the teacher began to use data show projec-
tion they could see the animations and this made the subject easy to comprehend.

Questions to Case Study

2
1. Can you explain why do every student constructed

his/her knowledge in a different manner?

2. Do you think that the learners are motivated enough when their learning is sup-
ported by ICT?

Summary ?

Students learn by fitting new information together with what they already know.
Constructivists believe that learning is affected by the context in which an idea is
taught as well by students’ beliefs and attitudes. Effective teaching recognizes that
meaning is personal and unique, and the students’ understandings are based on their
own unique experiences. ICT provides opportunities for science teachers to be cre-
ative in their teaching and for students to be creative as they learn.

Frequently Asked Questions ¢
What is the reason to use constructivism and ICT?
Answer the question above

Meaning is personal and unique and their experiences, emotions, feelings, attitudes
affect their learning. The classroom climate should be challenging but not threat-
ening to students. There is considerable evidence that ICT has a positive impact
on teaching and learning in science education.

Next Reading

http://www.ncrel.org

http://www.ccm.ac.uk/lItech/cfet/materials/materials.asp The LSDA Information and
Learning Technology (ILT) Materials Downloads are available. The entire collec-
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tion of video software tutorials from the Ferl 16-19 Conference 2002, together with
the conference content material are available at http://ferl.becta.org.uk/ dis-
play.cfm?&resid=3784&showArchive=1

http://www.techdis.ac.uk TechDis is a JISC-funded service (Joint Information Sys-
tems Committee) which aims to enhance provision for disabled students and staff
in higher, further and specialist education and adult and community learning. It has
relevance for schools catering for 14-19 year olds and much of the advice it offers
it applicable to all learners.

References:

Denby D, edited by Campbell B. (2005) ICT in Support of Science Education, A
Practical User’s Guide: 2005 Edition, edited by Campbell B; York Publishing Serv-
ices Ltd. York, UK. ISBN 1 85342 711 X.

http://www.ncrel.org/sdrs/areas/issues/envrnmnt/drugfree /sa3const.htm)

http://www.techdis.ac.uk
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Unit 3

Scientific Process Skills and Scientific Inquiry

Objectives:

*  to improve scientific process skills;
*  to promote positive attitudes toward learning and teaching science.

The Scientific Process
Scientists share certain basic beliefs and attitudes about what they do and how they

view their work. These have to do with the nature of the world and what can be
learned about it

(http://www.project2061.org/publications/sfaa/online/chap1.htm):
The World Is Understandable

Science presumes that the things and events in the universe occur in consistent pat-
terns that are comprehensible through careful, systematic study. Scientists believe
that through the use of the intellect, and with the aid of instruments that extend the
senses, people can discover patterns in all of nature.

Science also assumes that the universe is, as its name implies, a vast single system
in which the basic rules are everywhere the same. Knowledge gained from study-
ing one part of the universe is applicable to other parts. For instance, the same prin-
ciples of motion and gravitation that explain the motion of falling objects on the
surface of the earth also explain the motion of the moon and the planets. With some
modifications over the years, the same principles of motion have applied to other
forces—and to the motion of everything, from the smallest nuclear particles to the
most massive stars, from sailboats to space vehicles, from bullets to light rays.

Scientific Ideas Are Subject To Change

Science is a process for producing knowledge. The process depends both on mak-
ing careful observations of phenomena and on inventing theories for making sense
out of those observations. Change in knowledge is inevitable because new obser-
vations may challenge prevailing theories. No matter how well one theory explains
a set of observations, it is possible that another theory may fit just as well or bet-
ter, or may fit a still wider range of observations. In science, the testing and im-
proving and occasional discarding of theories, whether new or old, go on all the
time. Scientists assume that even if there is no way to secure complete and absolute
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truth, increasingly accurate approximations can be made to account for the world
and how it works.

Scientific Knowledge Is Durable

Although scientists reject the notion of attaining absolute truth and accept some un-
certainty as part of nature, most scientific knowledge is durable. The modification
of ideas, rather than their outright rejection, is the norm in science, as powerful con-
structs tend to survive and grow more precise and to become widely accepted. For
example, in formulating the theory of relativity, Albert Einstein did not discard the
Newtonian laws of motion but rather showed them to be only an approximation of
limited application within a more general concept. (The National Aeronautics and
Space Administration uses Newtonian mechanics, for instance, in calculating satel-
lite trajectories.) Moreover, the growing ability of scientists to make accurate pre-
dictions about natural phenomena provides convincing evidence that we really are
gaining in our understanding of how the world works. Continuity and stability are
as characteristic of science as change is, and confidence is as prevalent as tenta-
tiveness.

Science Cannot Provide Complete Answers to All Questions

There are many matters that cannot usefully be examined in a scientific way. The-
re are, for instance, beliefs that—by their very nature—cannot be proved or dis-
proved (such as the existence of supernatural powers and beings, or the true pur-
poses of life). In other cases, a scientific approach that may be valid is likely to be
rejected as irrelevant by people who hold to certain beliefs (such as in miracles, for-
tune-telling, astrology, and superstition). Nor do scientists have the means to sett-
le issues concerning good and evil, although they can sometimes contribute to the
discussion of such issues by identifying the likely consequences of particular ac-
tions, which may be helpful in weighing alternatives.

Scientific Inquiry

Fundamentally, the various scientific disciplines are alike in their reliance on ev-
idence, the use of hypothesis and theories, the kinds of logic used, and much more.
Nevertheless, scientists differ greatly from one another in what phenomena they
investigate and in how they go about their work; in the reliance they place on his-
torical data or on experimental findings and on qualitative or quantitative methods;
in their recourse to fundamental principles; and in how much they draw on the find-
ings of other sciences. Still, the exchange of techniques, information, and concepts
goes on all the time among scientists, and there are common understandings among
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them about what constitutes an investigation that is scientifically valid
(http://www.project2061.org/publications/sfaa/online/chap1.htm).

Scientific inquiry is not easily described apart from the context of particular in-
vestigations. There simply is no fixed set of steps that scientists always follow, no
one path that leads them unerringly to scientific knowledge. There are, however,
certain features of science that give it a distinctive character as a mode of inquiry.
Although those features are especially characteristic of the work of professional sci-
entists, everyone can exercise them in thinking scientifically about many matters
of interest in everyday life
(http://www.project2061.org/publications/sfaa/online/chap1.htm).

Science Demands Evidence

Sooner or later, the validity of scientific claims is settled by referring to observa-
tions of phenomena. Hence, scientists concentrate on getting accurate data. Such
evidence is obtained by observations and measurements taken in situations that range
from natural settings (such as a forest) to completely contrived ones (such as the
laboratory). To make their observations, scientists use their own senses, instruments
(such as microscopes) that enhance those senses, and instruments that tap charac-
teristics quite different from what humans can sense (such as magnetic fields). Sci-
entists observe passively (earthquakes, bird migrations), make collections (rocks,
shells), and actively probe the world (as by boring into the earth’s crust or admin-
istering experimental medicines).

In some circumstances, scientists can control conditions deliberately and precise-
ly to obtain their evidence. They may, for example, control the temperature, change
the concentration of chemicals, or choose which organisms mate with which oth-
ers. By varying just one condition at a time, they can hope to identify its exclusive
effects on what happens, uncomplicated by changes in other conditions. Often, how-
ever, control of conditions may be impractical (as in studying stars), or unethical
(as in studying people), or likely to distort the natural phenomena (as in studying
wild animals in captivity). In such cases, observations have to be made over a suf-
ficiently wide range of naturally occurring conditions to infer what the influence
of various factors might be. Because of this reliance on evidence, great value is placed
on the development of better instruments and techniques of observation, and the
findings of any one investigator or group are usually checked by others.

Science Is a Blend of Logic and Imagination

Although all sorts of imagination and thought may be used in coming up with hy-
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potheses and theories, sooner or later scientific arguments must conform to the prin-
ciples of logical reasoning—that is, to testing the validity of arguments by apply-
ing certain criteria of inference, demonstration, and common sense. Scientists may
often disagree about the value of a particular piece of evidence, or about the ap-
propriateness of particular assumptions that are made—and therefore disagree about
what conclusions are justified. But they tend to agree about the principles of log-
ical reasoning that connect evidence and assumptions with conclusions.

Scientists do not work only with data and well-developed theories. Often, they have
only tentative hypotheses about the way things may be. Such hypotheses are wide-
ly used in science for choosing what data to pay attention to and what additional
data to seek, and for guiding the interpretation of data. In fact, the process of for-
mulating and testing hypotheses is one of the core activities of scientists. To be use-
ful, a hypothesis should suggest what evidence would support it and what evidence
would refute it. A hypothesis that cannot in principle be put to the test of evidence
may be interesting, but it is not likely to be scientifically useful.

The use of logic and the close examination of evidence are necessary but not usu-
ally sufficient for the advancement of science. Scientific concepts do not emerge
automatically from data or from any amount of analysis alone. Inventing hypotheses
or theories to imagine how the world works and then figuring out how they can be
put to the test of reality is as creative as writing poetry, composing music, or de-
signing skyscrapers. Sometimes discoveries in science are made unexpectedly, even
by accident. But knowledge and creative insight are usually required to recognize
the meaning of the unexpected. Aspects of data that have been ignored by one sci-
entist may lead to new discoveries by another.

Science Explains and Predicts

Scientists strive to make sense of observations of phenomena by constructing ex-
planations for them that use, or are consistent with, currently accepted scientific
principles. Such explanations—theories—may be either sweeping or restricted, but
they must be logically sound and incorporate a significant body of scientifically
valid observations. The credibility of scientific theories often comes from their abil-
ity to show relationships among phenomena that previously seemed unrelated. The
theory of moving continents, for example, has grown in credibility as it has shown
relationships among such diverse phenomena as earthquakes, volcanoes, the match
between types of fossils on different continents, the shapes of continents, and the
contours of the ocean floors.

The essence of science is validation by observation. But it is not enough for sci-
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entific theories to fit only the observations that are already known. Theories should
also fit additional observations that were not used in formulating the theories in the
first place; that is, theories should have predictive power. Demonstrating the pre-
dictive power of a theory does not necessarily require the prediction of events in
the future. The predictions may be about evidence from the past that has not yet
been found or studied. A theory about the origins of human beings, for example,
can be tested by new discoveries of human-like fossil remains. This approach is
clearly necessary for reconstructing the events in the history of the earth or of the
life forms on it. It is also necessary for the study of processes that usually occur
very slowly, such as the building of mountains or the aging of stars. Stars, for ex-
ample, evolve more slowly than we can usually observe. Theories of the evolution
of stars, however, may predict unsuspected relationships between features of starlight
that can then be sought in existing collections of data about stars.

Scientists Try to Identify and Avoid Bias

When faced with a claim that something is true, scientists respond by asking what
evidence supports it. But scientific evidence can be biased in how the data are in-
terpreted, in the recording or reporting of the data, or even in the choice of what
data to consider in the first place. Scientists’ nationality, sex, ethnic origin, age, po-
litical convictions, and so on may incline them to look for or emphasize one or an-
other kind of evidence or interpretation. For example, for many years the study of
primates—by male scientists—focused on the competitive social behavior of males.
Not until female scientists entered the field was the importance of female primates’
community-building behavior recognized.

Bias attributable to the investigator, the sample, the method, or the instrument may
not be completely avoidable in every instance, but scientists want to know the pos-
sible sources of bias and how bias is likely to influence evidence. Scientists want,
and are expected, to be as alert to possible bias in their own work as in that of oth-
er scientists, although such objectivity is not always achieved. One safeguard against
undetected bias in an area of study is to have many different investigators or groups
of investigators working in it.

Science Is Not Authoritarian

It is appropriate in science, as elsewhere, to turn to knowledgeable sources of in-
formation and opinion, usually people who specialize in relevant disciplines. But
esteemed authorities have been wrong many times in the history of science. In the
long run, no scientist, however famous or highly placed, is empowered to decide
for other scientists what is true, for none are believed by other scientists to have
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special access to the truth. There are no preestablished conclusions that scientists
must reach on the basis of their investigations.

In the short run, new ideas that do not mesh well with mainstream ideas may en-
counter vigorous criticism, and scientists investigating such ideas may have diffi-
culty obtaining support for their research. Indeed, challenges to new ideas are the
legitimate business of science in building valid knowledge. Even the most presti-
gious scientists have occasionally refused to accept new theories despite there be-
ing enough accumulated evidence to convince others. In the long run, however, the-
ories are judged by their results: When someone comes up with a new or improved
version that explains more phenomena or answers more important questions than
the previous version, the new one eventually takes its place.

Tasks (assignments) @

Do you think that one day in the future, can a scientific

law be change? Why? w
a

Case Study and Summary

Development of a Simple Theory by the Scientific Method.:
*  Observation: Every swan [’ve ever seen is white.

*  Hypothesis: All swans must be white.

e Test: A random sampling of swans from each continent where swans are in-
digenous produces only white swans.

*  Publication: “My global research has indicated that swans are always
white, wherever they are observed.”

*  Verification: Every swan any other scientist has ever observed in any coun-
try has always been white.

*  Theory: All swans are white.

*  Prediction: The next swan I see will be white.

Note, however, that although the prediction is useful, the theory does not absolutely
prove that the next swan I see will be white. Thus it is said to be falsifiable. If any-

one ever saw a black swan, the theory would have to be tweaked or thrown out.
(And yes, there are really black swans. This example was just to illustrate the point.)

Real scientific theories must be falsifiable. So-called “theories” based on religion,
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such as creationism or intelligent design are, therefore, not scientific theories. They
are not falsifiable and they do not follow the scientific method

(http://www.wilstar.com/theories.htm).
&

Frequently Asked Questions
How can I differ a scientific law from a scientific theory?
Answer the question above

A scientific law describes the behavior of something that occurs. It is often described
in mathematical relationships. For example the general law of gravitation describes
the force between objects of various masses at various distances. A scientific the-
ory, however, attempts to describe why something works. There are several the-
ories of gravity, which attempt to explain why it occurs as it does. Both Scientif-
ic Theories and Laws are based upon observation and experimentation; they can
be disproved or modified to accommodate new discoveries, and must make pre-
dictions about future experiments and observations.

Next Reading

http://wiki.answers.com/Q/How_is a scientific law_different from a scientif-
ic_theory

http://evidence-based-science.blogspot.com/2008/02/what-is-scientific-law-
theory.html

http://www.wilstar.com/theories.htm
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Unit 4

Meaningful Learning, Nature of Science etc.

Objectives:

to comprehend the nature of science;
to improve meaningful learning.

Defining Meaningful Learning

Our working definition of meaningful learning is achieving deep understanding of
complex ideas that are relevant to students’lives. Because knowledge and under-
standing reside in the mind of the knower, obtaining multiple perspectives can deep-
en our understanding of meaningful learning and its significance. We are going to
mention about only two perspectives of meaningful learning (Jonassen et al.1999).

According to Jonassen et al. (1999), meaningful learning is:

Active. We interact with the environment, manipulate the objects within it and
observe the effects of our manipulations.

Constructive. Activity is essential but insufficient for meaningful learning.
We must reflect on the activity and our observations, and interpret them in or-
der to have a meaningful learning experience.

Intentional. Human behavior is naturally goal-directed. When students actively
try to achieve a learning goal they have articulated, they think and learn more.
Articulating their own learning goals and monitoring their progress are crit-
ical components for experiencing meaningful learning.

Authentic. Thoughts and ideas rely on the contexts in which they occur in or-
der to have meaning. Presenting facts that are stripped from their contextual
clues divorces knowledge from reality. Learning is meaningful, better understood
and more likely to transfer to new situations when it occurs by engaging with
real-life, complex problems.

Cooperative. We live, work and learn in communities, naturally seeking ideas
and assistance from each other, and negotiating about problems and how to
solve them. It is in this context that we learn there are numerous ways to view
the world and a variety of solutions to most problems. Meaningful learning,
therefore, requires conversations and group experiences.
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Wiske (1998) provides another perspective about meaningful learning with a fo-
cus on subject matter content. She calls for teaching subject matter that is:

*  Central to the domain or discipline. Every academic discipline has elements
that are regarded by those in the field as the ideas and methods of inquiry that
are central and controversies that are enduring. Teaching aimed at meaning-
ful learning encompasses these aspects.

*  Accessible and interesting to students. Topics must be significant from a stu-
dent’s perspective. Teaching about the Monroe Doctrine, for example, must
enable students to make meaning from its tenets in the here and now.

+  Exciting for the teacher’s intellectual passions. For a topic to be generative,
the way it is taught is as important as the substance. The teacher’s curiosity,
zeal and genuine wonder are infectious and serve as a model for students to
imitate.

«  Easily connected to other topics, whether inside or outside the discipline.
Students benefit most when they can link their previous experiences and knowl-
edge to other important ideas.

We encourage you to use this information together with the other suggested resources
to enrich your understanding of meaningful learning.

Nature of Science

Understanding how science works allows one to easily distinguish science from non-
science. Thus, to understand biological evolution, or any other science, it is essential
to begin with the nature of science
(http://evolution.berkeley.edu/evosite/nature/index.shtml):

What is Science?

Science is a particular way of understanding the natural world. It extends the in-
trinsic curiosity with which we are born. It allows us to connect the past with the
present, as with the redwoods depicted here.

Science is based on the premise that our senses, and extensions of those senses through
the use of instruments, can give us accurate information about the Universe. Sci-
ence follows very specific “rules” and its results are always subject to testing and,
if necessary, revision. Even with such constraints science does not exclude, and of-
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ten benefits from, creativity and imagination -with a good bit of logic thrown in.
(http://evolution.berkeley.edu/evosite/nature/index.shtml).

History of the Nature of Science

Over the course of human history, people have developed many interconnected and
validated ideas about the physical, biological, psychological, and social worlds. Those
ideas have enabled successive generations to achieve an increasingly comprehen-
sive and reliable understanding of the human species and its environment. The means
used to develop these ideas are particular ways of observing, thinking, experimenting,
and validating. These ways represent a fundamental aspect of the nature of science
and reflect how science tends to differ from other modes of knowing (http://www.pro-
ject2061.org/publications/sfaa/online/chap1.htm).

It is the union of science, mathematics, and technology that forms the scientific en-
deavor and that makes it so successful. Although each of these human enterprises
has a character and history of its own, each is dependent on and reinforces the oth-
ers. Accordingly, the first three chapters of recommendations draw portraits of sci-
ence, mathematics, and technology that emphasize their roles in the scientific en-
deavor and reveal some of the similarities and connections among them.

Third and fourth units lay out recommendations for what knowledge of the way
science works is requisite for scientific literacy. These chapters focus on three prin-
cipal subjects: the scientific world view, scientific methods of inquiry, and the na-
ture of the scientific enterprise (http://www.project2061.org/publications/sfaa/on-
line/chap1.htm).

Making sense of the nature of science (NoS) (http://www.tki.org.nz/r/science/sci-
ence_is /nos):

Science as a human activity

The integrating strand: Making sense of the nature of science (NoS) is about sci-
ence as a contemporary body of knowledge, created by people, to help understand
the world around us.

Nature of science themes

To support Achievement Aim 1 of the NoS strand, the Ministry of Education has
identified key themes. These NoS themes can be used by teachers to enrich their

understandings of the nature of science, and better integrate this strand with the con-
textual strands in science activities.
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Select a NoS theme from the lists below for supporting concepts, teacher’s notes,
questions to help build your understanding of the nature of science, and example
science activities.

Exploring science ideas

* Scientists turn their science ideas into questions that can be investigated

* Scientists’ observations are influenced by their science ideas

* Scientists’ investigations are influenced by their communities

* Scientists’ predictions are based on their existing science knowledge

* Scientists design investigations to test their predictions

* Many different approaches and methods are used to build scientific investigations
» When scientists carry out investigations they aim to collect adequate data

* Scientists think critically about the results of their investigations

Forming scientific explanations

* Scientific explanations may involve creative insights

* There may be more than one explanation for the results of an investigation

* Scientific explanations may be in the form of a model

» When an explanation correctly predicts an event, confidence in the explanation
as science knowledge is increased

Science knowledge

* Scientific explanations must withstand peer review before being accepted as
science knowledge

* New scientific explanations often meet opposition from other individuals and
groups

* Over time, the types of science knowledge that are valued change

* All science knowledge is, in principle, subject to change

The culture of science

* Open-mindedness is important to the culture of science
* Scientific progress comes from logical and systematic work, and also through

creative insights
* Science interacts with other cultures @
S
Tasks (Assignments)
1. Do you think there are similarities with the aims of constructivist science

education and meaningful learning?
2. Is it compulsory to know the NoS to understand scientific process?
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During the science lesson teacher asked a lot of questions to the

students in order to understand their understandings of the concepts.

And also teacher used some models and analogies to teach them. Teacher tried to
teach them the similarities, differences, interrelations, cause, effects of the concepts.

Questions to Case Study m
L. &

After such a long lesson can you say that
his/her students had a
meaningful learning?
2. What may be the benefits of knowing NoS on meaningful learning?

Case Study w
a

Summary
Meaningful learning is achieving deep understanding of complex V
ideas that are relevant to students’ lives. Because knowledge and

understanding reside in the mind of the knower, obtaining multiple perspectives can
deepen our understanding of meaningful learning and its significance. Understanding
how science works allows one to easily distinguish science from non-science. Thus,
to understand biological evolution, or any other science, it is essential to begin with
the nature of science.

Frequently Asked Questions

How students can explore the nature of science? ‘
Answer the question above

Students can explore the nature of science by investigating:

* how science knowledge is developed by scientists

« the processes and practices of the science community

* how science shapes the world we all live in

« the history of science (processes, knowledge, and purposes).

Next Reading

http://evolution.berkeley.edu/evosite/nature/index.shtml
http://www.tki.org.nz/r/science/science_is/teaching_science/types_in-
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vestigation_e.php Types of investigation
http://www.tki.org.nz/r/science/science_is/teaching_science/teach-
ing_models_e.php Teaching with models
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Ogretmen adaylart icin egitim materyali

Bayburt 2008

33



34



Unite 1

Yapilandirmaci Fen ve Laboratuar Egitimi Olanaklar:

Amaclar

* Yapilandirmaci yaklasimi bilme
* Yapilandirmaci fen laboratuar 6gretiminin basamaklarini bilme

Bilimsel bilginin, teori ve deneysel ispat olarak birbiriyle baglantili iki bileseni mev-
cuttur. Bu iki bilesen arasindaki iligkileri anlamak fenin ne oldugunu ne nasil iler-
ledigini anlamada olduk¢a dnemlidir (Havdala and Ashkenazi, 2007; Kuhn & Pe-
arsall, 2000).

Yapilandirmaci Teori

Yapilandirmaciligm 6ziinii ifade eden tek ctimle “bilgi 6grenenin zihninde olusturulur”
seklindedir. Bu ifade laboratuar ¢aligmasi uygulamalarinin dayanagi olacak olan
yapilandirmaci yaklasimin bes 6nermesi seklinde genisletilebilir (Shiland, 1999):

1. Ogrenme zihinsel aktivite gerektirir. Bilgi olusturma siireci zihinsel aba ve faa-
liyet gerektirir; 6grenilecek materyal basit/kolay bir sekilde 6grenene sunulmasi ve
anlamli bir gekilde 6grenilmesi neredeyse imkansizdir.

2. On bilgiler 6grenmeyi etkiler. Yeni bilgi 6grenenin 6nceden bildigi bilgilerle ala-
kali olmalidir. Ogrencinin dnkavramlari ve kavram yanilgilar1 yeni bilgiyi 6gren-
me yetenegini etkileyebilir. Bu kisisel 6nbilgiler 6grencinin dikkatini de etkiler. Ki-
sisel onbilgiler ortaya cikarilarak 6grencinin karsilagtirma yapmasi kolaylastiril-
malidir.

3. Ogrenme halihazirdaki bilgilere olan memnuniyetsizlik sonucu olusur. Anlam-
11 6grenmenin ortaya ¢ikmasinda; 6grencinin mevcut kavramlarina kargt memnu-
niyetsizlik olusturacak yasantilar saglanmalidir. Eger 6grenci mevcut kavramla-
rin1 kullanarak bir olay ile ilgili dogru tahminler yapabiliyorsa yeniden yapilandirma
(anlamli 6grenme) gergeklesmeyecektir.

4. Ogrenmenin sosyal bir bileseni vardir. Bilgi olusturma digerleriyle diyalog ice-
risinde anlamin olusturuldugu sosyal bir siiregtir.

Bilissel gelisme sosyal etkilesim sonucu olusur. Ogrenme 6grencinin fikirlerini ber-
raklastirmay1 saglayan diyaloglarla desteklenir.

5. Ogrenme uygulama gerektirir. Uygulamalar yeni kavramm faydaliligini goste-
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recek tiirlerden se¢ilmelidir.

Ogrenciler dgretim faaliyetleri siiresince devam etmekte olan kesif, aragtirma, in-
celeme ve sentez siireclerinin oyunculari ve bu oyunun kahramanlaridir. Ogrenci-
ler bilimsel bir olgunun gézlemlenmesinden dogan ya da siipheli/problematik bir
konunun ¢oziimiinden kaynaklanan birgok soruya cevaplar bulmaya caligir. Bu bag-
lamda, kavram haritalarinin olusturulmast 6grencilerin bilgi olusturma siiregleri
strasinda 6grencilerin gerceklestirdigi bilgi sentez siirecinin de farkina varmalari-
n1 saglar (Berionni and Baldon, 2006).

Fen laboratuari ve 6grenme ortami

Fen laboratuar faaliyetleri 6grencilerin programli veya rastgele gézlemlerinden or-
taya ¢ikan sorulara tutarli ve dogru cevaplari bulunmasi igin olusturulur (Berionni
and Baldon, 20006).

Ogrencilerin spontan olarak sorduklari sorular rnek ve arastirma, kesif ve bilim-
sel teorilerin tanimlar1 giidiistiyle, sorduklari sorulardan “temel olarak™ farklidir.
Cok kiigiik yastaki 6grencilerin bakis acisiyla sorduklart sorular ger¢ek bilginin kav-
ram yanilgilar ve fantezilerle birlikte olabildigi olgusal yasantilardan dogdugu asi-
kardir (Berionni and Baldon, 2006).

Laboratuar dgretim metoduyla beraber yapilan fen 6gretimi, 6grencilerin gézlenen
durumlarin agiklamalarini ya da bilimsel olgunun nedenlerini anlayabilmelerine izin
verecek olan yeni bilgiyi kazanmak icin i¢erisinde ¢alistigt ve etkilesimde bulun-
dugu dgrenme siiregleri araciligryla tutarl ve dogru agiklamalarin cevaplarini aran-
dig1 bir ¢aligmaya yoneltir (Berionni and Baldon, 2006).

Bu 6gretim uygulamasinda 6grenci ve 6gretmenler, geleneksel 6gretim yaklagiminin
yOniiniin tersi yonde, 6grenciye basroliin verildigi ve 6gretmenin daha geri plan-
da 6gretim siirecini kolaylastirici ve rehber/organizatdr olarak rol aldigy, iyi belir-
lenmis roller tistlenirler.

Ogretim ortaminin tasarim
Bir fen laboratuarinin tasarimi, 6gretimin uygulamasi ve 6grencilerce bilginin ak-
tif bir siiregle kazanildig1 yapilandirmaci yaklasim igerisindeki dgretim rolii anla-
mina gelmektedir. Ogretmen; materyalleri, prosediirleri ve uygun sartlar1 kendi ken-
dine 6grenme siireglerine yoneltmek ve kilavuzlamak i¢in hazirlar ve organize eder
(Berionni and Baldon, 2006):

Ogretmen kendi uzman 6ngoriisii ile:
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» arttiracagi bilgi alanini,
* inceleyecegi yonleri,
» Ogrencilerin ulagsmasi gereken bilgi sentezini, belirler.

Aktiviteler bir kez basladiginda, 6grenciler birer basrol oyuncusu olur ve her 6g-
renci, bir biitiin olarak diisiindiigiinde, daha dnceki bilgileri ile birlestirerek yeni-
den yapilandirdiklar1 6nemli 6grenmeyi netice veren bilgi siireci igerisindeki esas
aktorler olurlar. Ogretmen 6n plandan geri gekilir ve sadece veri girisi, uyaricilik
saglar, pekistirici ve diisiinme prosediirlerine yonlendiren ve 6grencilerce aktiflestirilen
stratejilere yoneltici tavsiyelerde bulunur (Berionni and Baldon, 2006).

Bilgi siirecinin arttirilmasi

On plandan ¢ekilmenin dgretmen igin anlami; agiklama yapmaktan, drneklerden
ve dogrudan cevaplamalardan kaginirken diger yandan 6grencileri analiz, gézlem,
karsilagtirma ve problem ¢6zmede alternatif yonleri aragtirma gibi aktif 6grenme
stireglerine yoneltmek anlamina gelmektedir (Berionni and Baldon, 2006).

Bilgi her bir 6grenci icin siniftaki diger 6grencilerle etkilesim ve sosyal isbirligi
araciligryla sosyal yapilandirmaciligin modellerine sevk eden perspektifte farkl bi-
reysel ve aktif bir siirectir (Varisco 2004). Sonug olarak, 6gretim faaliyetleri 3 il-
keyle agiklanir:

* cesitli yonlerdeki 6grencilerin faaliyetlerini adreslemek, mantiki nedenlerin aras-
tirtlmasi, birbirleriyle tutarli ¢6ziim ve agiklamalar igin;

* isbirligi, tartisma, arabuluculuk ve diger 6grencilerle miizakereleri arttirma;

* daha derin 6grenme igin dili ve kavram haritalarini, muhakeme, analiz ve sen-
tezi kullanma

Fen laboratuari problem ¢6zme durumlarinda, 6grencilerin birlikte galigtigt, birbirine
yardim ettigi, nasil arastirilacagini ve aletleri ve olanaklari nasil kullanacagini 6g-
rendigi yerlerde 6grenme ortamina déniisiir. Ogretmen; dgrencilerin etkilestigi, ta-
sarim yaptig1, ¢6ziimleri, fikirleri ve teorileri ifade ve miizakere ettigi faaliyetle-
rin artirilarak siirdiiriillmesine olanak saglar (Berionni and Baldon, 2006).

Yapilandirmaci Laboratuar Faaliyetlerinin Uygulanmasi

Bu 6nermelerin sonucu olarak, laboratuar aktivitelerinin diizenlenmesi igin genel
ve Ozel uygulamalari asagidaki gibidir (Shiland, 1999):
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Ogrenme zihinsel aktivite gerektirir; bundan dolay laboratuarlar: 6grencinin bi-
lissel aktivitelerini arttirmak icin diizenleyiniz.

1. Ogrencilerin uygun degiskenleri belirlemesi. Ogrencilerden kontrol edi-
len ve kontrol edilemeyen degiskenleri belirlemeleri istenebilir.

2. Ogrencilerin prosediirii dizayn etmesi veya prosediirii isin asil gerekli olan
kisimlarina indirgemesi. En iyi laboratuarlar 6grencilere agiklanmasi kolay
basit prosediirleri olan laboratuarlardir. Eger prosediir giivenli olarak dizayn
edilemezse 6grencilere prosediirdeki belirli adimlari neden baska bir sekil-
de yaptigimiz sorusu sorulabilir.

3. Ogrencilerin veri tablosunu olusturmalari. Veri tablolarinin olusturulmasi
laboratuarlarinizin modifiye edilmesine yonelik kolay bir ilk adimdir ve la-
boratuarlarda arastirmaya yonelttiginden s6z edilmektedir.

4. Standart bir laboratuar ¢alisma yapraginin kullanilmasi. Deneysel tasa-
rimda (problemin climlesi, hipotezler, degiskenler, deney sabitleri, veri tab-
losu, 6zet ve yorumlar gibi) 6nemli kavramlar1 kullanan standart bir formatiniz
olsun.

5. Ogrencilerin laboratuardaki hatalarin kaynagini bulmalari ve bu hata ne-
denlerini ortadan kaldirmak i¢in modifikasyonlar 6nermeleri ve laboratuarla
ilgili sorular sormalari. Siniftaki gruplar ve siniflar arasindaki verilerin kar-
silagtirilmasi varyasyonun/degisikligin/sapmanin nedenlerine yonelik sorulart
arttirabilir. Ogrenciler degiskenleri yerine koyarak, elimine ederek ya da art-
tirip azaltarak sorular tiretebilir.

Onbilgiler igrenmeyi etkiler: Bu nedenle laboratuarlar bunlari 6grenmek icin
dizayn edilmelidir.

6. Laboratuarin konunun bagina tasinmasi. Laboratuarin basa taginmasi 6g-
renilecek materyalde ilgi olusturabilir ve 6grencilerin sahip olabilecegi kav-
ram yanilgilarini teshis etmede 6gretmene bir sans verebilir. Laboratuarla-
r1 6grenme halkasinin baslangici olarak kullanin.

7. Ogrencilerin tahminlerde bulunmasi ve onlari laboratuardan énce agik-
lamas:. Ogrencilerin tahminlerde bulunmasi sonuglara olan ilgiyi arttirir. Buna
ilaveten, dgrenciler tahminlerinin gerekgelerini mevcut bilgilerini kullana-
rak aciklarlar. En ideal olani, sunulmakta olan problemin, 6grencilerin mev-
cut fikirleri/anlayislari ile ilgili bir tatminsizlik olusturacak bir problem ol-
masidir. Ogrencilerin alternatif hipotezler 6ne siirmeleri tesvik edilmelidir.
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Ogrenciler mevcut bilgilerinden tatminsizlik hissetmelidir: bu yiizden laboratu-
arlari onlarin mevcut bilgilerine meydan okuyan problemler olarak dizayn edin.

8. Laboratuart kesin ¢oziimii olmayan tek bir problem olarak yeni bastan
yazin. Problemlerin ¢oziimleri apagik olamaz. Laboratuardaki roliiniizii soru
sorarak sasirtan ya da kolaylastiran olarak degistirin.

Ogrenmenin sosyal bir bileseni/tamamlayicist vardur: bu yiizden laboratuarlart
grup ve sinif aktivitelerini icerecek sekilde dizayn edin.

9. Deneye baslamadan énce, ogrencilere tahminlerini, agitklamalarini, pro-
sediirlerini ve veri tablolarini tartismalari igin firsat verin ve laboratuar son-
rasinda ulastiklar sonuglart sunmalart igin de bir firsat verin. Ogrencile-
re agiklamak icin bir fikrin formiile edilmesi daha derin 6grenmeyi saglar.

Ogrenme uygulama gerektirir: bu yiizden laboratuarlart 6grencilerin bulmak ve
kanmitlamalarini gerektirecek sekilde dizayn edin.

10. Laboratuardan sonra dgrencilere uygulamalarini agiklamalari icin firsat

verin. Ogrenciler yeni fikirleri genis bir dizi alanda kullanmalk /& firsat-
lara ihtiyac duyarlar. ‘)
Sorular )
1. Yapilandirmaci yaklagimin ilkeleri nelerdir?
2. Yapilandirmaci laboratuar aktivitelerini nasil
modifiye edersiniz? ()

Ornek Olay =

Laboratuar asamasindan 6nce d6gretmen 6grencilerden deneyin kontrol edilen ve
kontrol edilemeyen degiskenlerini belirlemelerini istedi. Ogretmen ayni1 zamanda
ogrencilere prosediirdeki belirli adimlarin neden belirli sekilde yapildigini ya da
bazen degistirildigini sordu. Ogretmen 6grencilerden deney kavramlarini (birbir-
leriyle olan iliskilerini, farkliliklarini ve benzerliklerini vb) agiklayip karsilastir-
malarmi istedi. Boyle diisiinmenin sebebi ne? Emin misin? Nigin? Eger sicaklik
daha yiiksek olsaydi ne olurdu? Deneyin sonucundan ¢ikardigin sonug ne, Nigin?
vb.

2
Ornek Olay Hakkinda Sorular @Em

1. Ogretmenin dgrencilere sordugu prosediiriin belirli basamaklar ile ilgili sor-
dugu sorunun amaci ne olabilir?
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2. Sizce 6gretmen dgrencilerine nigin bu kadar ¢ok soruyor? Sizce buna ihti-
yag var mi1? ?
Ozet
Laboratuar 6gretim metoduyla beraber yapilan fen 6gretimi, 6grencilerin gzlenen
durumlarin agiklamalarini ya da bilimsel olgunun nedenlerini anlayabilmelerine izin
verecek olan yeni bilgiyi kazanmak icin i¢erisinde ¢alistigt ve etkilesimde bulun-

dugu 6grenme siirecleri araciligryla tutarli ve dogru agiklamalarin cevaplarini aran-
dig1 bir ¢calismaya yoneltir. Yapilandirmaci fen 6gretimi etkileyici fen 6gretimin-

de ¢ok dnemli bir rol oynar. ¢
Sik Sorulan Sorular ‘

gilerini ortaya gikarmakta zorlantyorum. Ogrencilerin kavram yamilgilarini ortaya
¢ikarma yetenegimi nasil gelistirebilirim?

Yukaridaki Sorunun Yaniti

[lk béliimii okumal1 ve dgrencilerin kavram yanilgilarini ve bir seyi agiklamakta-
ki yetersizliklerini belirlemeye yarayan 6rnek soru tiplerini yakalamaya ve ¢ogaltmaya
caligsmalisiniz.

Bir sonraki okumalar i¢in:

Wiske, M.S. (1998). What is teaching for understanding? In Wiske, M..S. (Ed.) Teach-
ing for understanding: Linking research with practice. San Francisco: Jossey-Bass
Publishing.

Lazarowitz, R., & Tamir, P. (1994). Research on using laboratory instruction in sci-
ence. In D.L. Gabel (Ed.), Handbook of research on science teaching and learning
(pp- 94-128). New York: Macmillan.

Kaynaklar
Roger, G. and Fisher, K. M. (1999) Comparison of student learning about diffu-

sion and osmosis in constructivist and traditional classrooms International Journal
of Science Education, 21 (6), 687-698.

Wandersee, J. H., Mintzes, J. J. and Novak, J. D. (1994) Research on alternative

conceptions in science. In D. Gabel (ed.), Handbook of Research in Science Teach-
ing and Learning, pp. 177-210.
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Shiland, T.W. (1999) Constructivism: The Implications for Laboratory Work, Jour-
nal of Chemical Education, 76 (1), 107-109.

Berionni A., Baldon, M.A. (2006) Concept Maps: Theory, Methodology, Technology,
Proc. of the Second Int. Conference on Concept Mapping A. J. Canas, J. D. No-
vak, Eds. San Jose, Costa Rica.

Havdala and Ashkenazi, (2007) Coordination of Theory and Evidence: Effect of

Epistemological Theories on Students’ Laboratory Practice Journal of Research in
Science Teaching, 44(8) 1134-1159.
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Unite 2

Yapilandirmaci Fen Ogretim Teknikleri

Amaclar:

» Kavramsal anlamay1 giiglendiren bir 6grenme ortami olusturmak,
* Fen 6grenmeye yonelik pozitif tutumlar: arttirmak.

Yapilandirmaci Ogretme ve Ogrenme Modelleri

Yapilandirmacilik bilis (6grenme) “zihinsel yapilanmanin’ sonucudur mantigina
dayanan bir gretme 6grenme yaklagimidir. Diger bir deyisle; Ogrenciler yeni bil-
gileri daha 6nceki mevcut bilgilerine uygun hale getirerek 6grenirler. Yapilandir-
macilar 6grencilerin 6nceki inang ve tutumlarinin da 6grenme faaliyetini etkiledi-
gine inanmaktadirlar.

Yapilandirmaci yaklasim insan beyni ve 6grenmenin nasil gergeklestigini ele alan
giincel arastirmalara dayanmaktadir. Caine and Caine (1991) beyin-uyumlu 6g-
renmenin 12 ilkesi oldugunu ileri stirmektedir:

1.

“Beyin bilgisayarin islemcisi gibidir” (s. 80). Eszamanli olarak bir¢ok farkli
bilgi, diisiince, duygu ve kiiltiirel bilgi tipini ile ilgili islemler ytiriitiir. Etkili
Ogretim bir dizi 6grenme yontemini ise kosar.

“Ogrenme fizyoloji ile baglantilidir” (s. 80). Ogretmenler yalnizca zekaya hi-
tap edemezler.

“Anlama dogustan kazanilir ve insanoglu i¢in hayati neme sahiptir” (s. 81).
Etkili 6gretim anlama’nin kisisel ve kisiye 6zel oldugunu ve 6grencilerin “an-
lama” larinin daha 6nceki bilgi ve tecriibelerine dayali oldugunu belirtmek-
tedir.

“Anlama 6rnekler/modeller iizerinden gergeklesir* (s. 81). Etkili 6gretim ba-
gimsiz fikir ve bilgileri -anlamli 6grenmeyi saglamak i¢in- evrensel kavram
ve fikirlerle birlestirir.

“Duygular 6rneklemede/modellemede oldukga énemlidir” (s. 82). Ogrenme
duygu, his ve tutumlardan etkilenir.

“Beyin pargalari ve biitiinleri es zamanli olarak degerlendirir” (s. 83). Parga-

larin ya da biitiinlerin gdzden kacirilmasi halinde insanlar 6grenme giigliigii
cekerler.
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7. “Ogrenme hem dikkatle odaklanmay1 hem de gevresel algilamayi gerektirir”
(s. 83). Ortam, kiiltiir ve sartlar 6grenmeyi etkiler.

8.  “Ogrenme her zaman suurlu ve suursuz siiregleri igerisine alir (s. 84). Og-
renciler ne 6grendiklerini ve nasil 6grendiklerini degerlendirmede zamana ih-
tiya¢ duyarlar.

9. “iki farkli tip hafizamiz bulunmaktadir: Biri uzaysal (spatial) hafiza sistemi
digeri ezbere 6grenme sistemleri” (s. 85). Ezbere 6grenmenin iizerinde duran
Ogretim, uzaysal, yasantisal grenmeyi arttirmaz ve anlamayi azaltabilir.

10. “Dogal uzaysal hafizamizda ger¢ekler ve beceriler oldugunda en iyi sekilde
anlar ve hatirlariz” (s. 86). Yasantisal (yasant1 iirlinii olan) 6grenme en etkili
olan 6grenmedir.

11. “Ogrenme cesaretlendirmeyle arttirilirken tehdit ederek azaltilir” (s. 86). Si-
nif ortami 6grencileri tehdit edici/siirlayici degil cesaretlendirici olmalidir.

11. “Her beyin farklidir” (p. 87). Ogretim, 6grencilerin tercihlerini ortaya koya-
bilmeleri i¢in ¢ok yonlii olmalidir

(http://www.ncrel.org/sdrs/areas/issues/envrnmnt/drugfree /sa3const.htm).
Bilgi, iletisim ve Teknolojinin Kullanimi (BiT)

Derek and Campbell, (2005) BIT ile ilgili olarak, son bir kag yil icerisinde 6gren-
cilerin fen 6grenmeyi kolaylastiran araclardan biri olan BiT becerilerini 6grenmede
kullanmalari ile 6nemli bir ilerleme ortaya ¢ikmigtir. Her bir 6grenci i¢in sinifta-
ki 6gretme 6grenme faaliyetlerini destekleyen BIT tabanli aktiviteler kullanimin-
da da biiyiik bir ilgi atisi bulunmaktadir. Bu durum dgretmenin roliinii daha da art-
tirmis; yeni donanim ve yazilimlari kullanma becerileri edinmelerine igin egitim
gerekliligini; 6grenmeye deger katan yeni teknolojiler i¢in uygulama becerilerinin
onemini ortaya koymustur (Derek and Campbell, 2005).

Ogrenmeleri BiT ile desteklenen dgrencilerin dgrenmeye oldukea yiiksek derece-
de motive olduklarini gsteren bir¢ok ¢aligma mevcuttur (Derek and Campbell, 2005):

+  BIT kullaniminin siniftaki 6grenme &gretme iizerine olumlu bir etkisi bu-
lunmaktadir;

+  Ogrenciler faaliyetlerle daha ¢ok ilgilidir ve konuya olan dikkat zamani daha
uzun sirelidir;
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+  BIT oldukga yiiksek kaliteli olan ve fen grenimine uygun sayisiz kaynaga ulas-
maya yardimci olabilir;

+  Ancak, bazi durumlarda BIT kaynaklar1 geleneksel alternatifler kadar iyi de-
gildir ve bu durumda 6grenmeye katkida bulunmamaktadir;

¢ Multimedya kaynaklar1 gorselligi saglayarak karmagik modelleri ele almaya
elverislidir. U¢ boyutlu goriintii ve hareketlilik bilimsel fikrin anlasilmasina
yardimci olur;

+  BIT Ogrenme ve dgretmede kullanilabilen, yazi, resim, animasyon, ses gibi
materyal ¢esitlerini genisletir, biitlin sinif ve bireysel 6grenme i¢in kullanila-
bilen yontemleri arttirir. Bu durum farkli 6grenme stillerine ihtiya¢ duyan 6g-
renciler i¢in dgretmenin farkli bazi metotlar: kullanabilmesine imkan verir;

+  BIT 6grencilere sunulan bilgilerin kalitesini yiikseltebilir. Internetten topla-
nan bilgiler daha giincel olabilir ve 6grenmeye katki saglayabilir;

»  Bilgisayarlar tekrarlayici 6devlerin ¢cabuk ve dogru bir sekilde yapilmalarini
miimkiin kilarlar. Boylelikle 6grenciler olusturulan bilimsel veriler hakkinda
diistinme i¢in daha fazla zaman harcayabilirler;

+  BIT 6grenmeyi genisleterek geleneksel dgretim yaklagiminin smirlayiciligindan
kurtarir. Bir sinifta baglayan bir etkinlik o gilin daha sonra baska bir sinifta ya
da o aksam evde de devam edebilir.

+  BIT fen bilgisi 6gretmenlerine dgretirken, dgrencilere de dgrenirken daha ya-
ratic1 olmalarina imkan verir.

BIT yazilim ve donanimlarinin temel diizeydeki kullanim becerisi tiim fen bilgisi
ogretmenlerine gereklidir. Fen 6gretiminde BIT kullanimindaki 6gretmenin rolii de-

gismektedir. BIT araglari fen bilgisi 6gretme alanina getirildiginde BiT kullaniminda
Ogretmen basroldedir.

Sorular
\ A
1. “Her beyin benzersizdir” ciimlesi ne demektir? -

2. Fen dgretimine BIT kullaniminin etkisi hakkinda neler sdyleyebilirsiniz?
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Ornek Olay
Ogrencilerin 6n bilgileri hakkinda bilgi edindikten sonra égretmen g

konuyu agiklamaya baglar. Her 6grenci kendi bilgisini benzer fakat

ayn1 zamanda kendilerine 6zgii ve farkliliklar iceren bir sekilde

olusturmustur. Ogrencilerin duygulari, olaylar1 algilamalar ve kiiltiirel diizeyleri
birbirlerinden farklidir. Fakat 6gretmen projeksiyon cihazi kullanmaya basladiginda
sekilleri ve olaylarin animasyonlarini gérdiiler ve bu durum konuyu daha kolay an-
lasilir hale getirdi.

[
Ornek Olay Hakkinda Sorular @’:m

1. Her 6grencinin bilgisini farkli bir sekilde olusturmus olmasinin sebebini agik-
laymiz?

2. Ogrenme siirecinin BiT ile desteklenmesinin 6grencileri yeterince motive ede-
cegini diisiiniiyor musunuz?

Ozet 5

Ogrenciler yeni bir bilgiyi daha 6nceki bilgilerine uygun hale getirerek 6grenirler.
Yapilandirmacilar bir fikrin 6gretildigi durumun konun igeriginden etkilenmesinin
yani sira 6grencilerin inang ve tutumlarindan da etkilendigine inanirlar. Etkili 68-
retim anlam olusturmanin kisiye 6zel ve benzersiz oldugunu ve 6grencilerin an-
lamalarinin kendi essiz deneyimleri dogrultusunda olugtugunu kabul etmektedir.
BIT fen bilgisi 6gretmenlerine dgretirken; dgrencilere de grenirken daha yarati-
c1 olmalaria olanak verir.

¢
Sik Sorulan Sorular 4*1
Yapisalciligin ve BIT kullaniminin sebepleri nelerdir?
Yukaridaki Sorunun Yaniti
Idrak kisisel ve benzersizdir; insanin duygular, hisleri, davranislar1 6grenmeleri-
ne etki eder. Sinif ortami rekabeti olmali ancak dgrencileri korkutmamalidir. Fen
egitiminde BIT kullanilmasinin 6grenme ve 6gretme {izerine olan pozitif etkisi ile
ilgili hayli bilimsel delil bulunmaktadir.

Bir Sonraki Okumalar i¢in

http://www.ncrel.org
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http://www.ccm.ac.uk/ltech/cfet/materials/materials.asp Bilgi ve 6grenme tekno-
lojisi ile ilgili materyaller ve bunlar1 bilgisayariniza indirmek igin. Ayrica bu ko-
nuyla baglantili materyaller icin asagidaki web sitesini de ziyaret etmeniz dneri-
lir.

http://ferl.becta.org.uk/ display.cfm?&resid=3784&showArchive=1

http://www.techdis.ac.uk Bu site, engelli 6grenciler, yiiksek ve ileri diizeydeki ki-
siler ile egitim uzmanlari, yetiskinler ve toplumsal 6grenme igin uygun bir sitedir.
14-19 yaslarindaki 6grencilere egitim veren okullar ile 6grenmek isteyen herkes
i¢in uygundur.

Kaynaklar:

Denby D, edited by Campbell B. (2005) ICT in Support of Science Education, A
Practical User’s Guide: 2005 Edition, edited by Campbell B; York Publishing Serv-
ices Ltd. York, UK. ISBN 1 85342 711 X.

http://www.ncrel.org/sdrs/areas/issues/envrnmnt/drugfree /sa3const.htm)

http://www.techdis.ac.uk
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Unite 3

Bilimsel Siire¢ Becerileri ve Bilimsel Arastirma

Amaclar:

*  Bilimsel siireg becerilerini gelistirmek;
*  Fen 6grenme ve 6gretmeye karsi pozitif bir tutum olusturmak.

Bilimsel Siirec

Bilim insanlar1 ne yaptiklari ve kendi islerini nasil gordiikleri ile ilgili kendi inang
ve tutumlarini paylasmaktadirlar. Bunlar diinyanin dogasi ve onun hakkinda 6g-
renilen seylerle ilgilidir
(http://www.project2061.org/publications/sfaa/online/chap1.htm):

Diinyanmin Anlasilabilmesi Miimkiindiir

Bilim, evrendeki olaylarin ve nesnelerin dikkatli ve sistematik ¢aligmalarla anla-
silabilecegini iddia etmektedir. Bilim insanlari, zekanin kullanimi1 ve anlamamiza
imkan veren cihaz ve aletlerin yardimiyla insanlarin dogadaki biitiin isleyisleri kes-
fedebileceklerine inanmaktadirlar.

Bilim ayn1 zamanda evrenin, isminden anlasildig1 gibi, her yerde ayn1 olan temel
kurallarin oldugu bosluktaki tek bir sistem oldugunu farz etmektedir. Evrenin bir
béliimiiniin arastirilmasindan elde edilen bilgi diger kisimlara da uygulanabilir. Or-
negin, yer yiliziine diigen nesnelerin hareketini agiklamada kullanilan yercekimi ve
hareket ilkeleri, ay ve gezegenlerin hareketlerini agiklamada da kullanilabilir. Y1l-
lar sonra bazi modifikasyonlarla, ayni hareket ilkeleri diger kuvvetlere de (en kii-
¢lik niikleer pargaciklardan en biiyiik yildizlara kadar, yelkenli gemilerden uzay ge-
milerine kadar, mermilerden 151k 1ginlaria kadar her seyin hareketine) uygulan-
maktadir.

Bilimsel Fikirler Degisebilir

Bilim bir bilgi iiretme siirecidir. Bu siire¢ hem olgularin dikkatli gdzlemlenmesi-
ne ve kesif teorilerindeki gdzlemlerin mantigin1 anlamaya baglidir. Bilimsel bil-
gideki degigsme kagimilmazdir ¢linkii yeni gézlemler su anki teorilere uymayabilir.
Bir teorinin bir dizi gézlemi ne kadar iyi agikladig1 6nemli degildir, diger bir teo-
rinin dncekinden daha iyi agiklamasi miimkiindiir, ya da daha sonraki gézlemleri
de agiklayabilir. Bilimde, teorilerin test edilmeleri ve gelistirilmeleri ve nadiren de
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teorilerin yeni veya eski olduklarina bakilmaksizin ¢iiritiilmesi, her zaman devam
eder. Bilim insanlar1, tam ve mutlak gercegi saglamanin yolu olmasa bile, gittik-
¢e artan dogru tahminlerin diinya ve dogal siireglerin anlagilmasinda 6nemli oldugunu
ileri stirmektedirler.

Bilimsel Bilgi Uzun Omiirliidiir

Bilim insanlar1 mutlak gercegi elde etme fikrini reddetmelerine karsin doganin bir
kismu gibi bazi belirsizlikleri kabul ederler, ¢ogu bilimsel bilgi kalicidir/degismez.
Fikirlerin modifikasyonu, biisbiitiin olarak reddetmekten ziyade, bilimde bir kuraldir
¢linkii giiglii yapilar dayanmaya egilimli oldugundan, daha kesin bir sekilde geli-
sir ve genis dl¢iide kabul edilir hale gelir. Ornegin, izafiyet teorisini formiile eder-
ken, Albert Einstein Newton’un hareket kanunlarini géz ardi etmedi, aksine daha
genel bir kavram igerisinde smirli uygulamalarin yaklagimi olarak gosterdi (Ornegin,
Milli Havacilik ve Uzay Y 6netimi, uydu yoriingelerinin hesaplanmasinda Newton
mekanigini kullanmaktadir). Ustelik bilim insanlarmin dogal olaylarla ilgili dog-
ru tahminler yapmadaki artan yetenegi diinyanin nasil isledigini anladigimiz ko-
nusunda ikna edici deliller saglamaktadir.

Bilim Her Soruya Tam Cevap Veremeyebilir

Bilimsel yolla faydali bir sekilde incelenemeyen bircok husus vardir. Ornegin, do-
gas1 geregi ispatlanamaz veya ¢iiriitiilemez diisiinceler vardir ( dogatistii gii¢lerin
ve yaratiklarin varligi, hayatin gercek amaci gibi). Diger durumlarda gegerli ola-
bilen bir bilimsel yaklagimin kesin fikirlere sahip (mucizeler, medyumlar, falcilar,
batil inanglar gibi) ilgisiz insanlarca reddedilmesi olasidir. Bilim insanlari iyi ve
kotiyii ilgilendiren konulari ¢oziimleyemezler fakat alternatifleri segmede fayda-
11 olabilen bazi eylemlerin muhtemel sonuglarini belirleyerek bazen bu tiir konu-
larin tartisilmasina katkida bulunabilirler.

Bilimsel Arastirma

Esasinda, bir¢ok bilimsel disiplin ispatlamaya giivenmede (hipotez ve teorilerin kul-
lanimi, kullanilan mantigin tiirleri, gibi) birbirlerine benzerdirler. Yinede, bilim in-
sanlar1 birbirlerinden arastirdiklart konularla, islerini nasil ele aldiklariyla; tarihi
verileri ya da deneysel bulgulari, kalitatif ve kantitatif metodlar1 esas almalariyla;
temel ilkelere basvurmalartyla; diger bilimlerin bulgularini ne kadar kullandikla-
riyla ayrilirlar. Yine de, bilim insanlar1 arasinda bilgi, yontem ve kavramlarin de-
gisimi her zaman devam eder ve bilimsel olarak gecerli olan bir arastirmanin ne-
lerden olustugu ile ilgili bilim insanlar1 arasinda genel bir fikir birligi bulunmak-
tadir (http://www.project2061.org/publications/sfaa/online/chap1.htm).

Bilimsel arastirma belirli inceleme sartlarindan ayri kolayca tanimlanamaz. Bi-
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lim adamlarinin her zaman izledigi basit ve sabit iglem basamaklar1 yoktur, hi¢ kim-
se bilimsel bilgiye kusursuz bir sekilde ¢igir acip liderlik edemez. Ancak, arastir-
ma yontemi gibi bilimin belirli 6zellikleri bilime ayiric1 bir dzellik kazandirir. Fa-
kat bu 6zellikler 6zellikle profesyonel bilim insanlarinin iglerinin nitelikleridir, giin-
lik hayatta ilgili/yararli konularin bilimsel olarak ele alinmasinda herkes kullana-

bilir (http://www.project2061.org/publications/sfaa/online/chap1.htm):
Bilim Delil Gerektirir

Bilimsel iddialarin gegerliligi, er veya geg, olgularin gézlemlerine gore belirlenir.
Bundan dolayi, bilim insanlar1 dogru bilgi elde etmeye odaklanir. Bu gibi kanit-
lar, dogal ( orman gibi) ya da tamamen suni olan (laboratuar gibi) ortamlardaki du-
rumlardan saglanan gozlemler ve dl¢limlerle elde edilir. Bilim insanlari gézlem-
lemek icin kendi duyularini, duyulari kuvvetlendiren aletleri (mikroskop gibi), in-
san duyularmin iizerindeki diizenekleri (manyetik alanlar gibi) kullanir. Bilim in-
sanlari pasif olarak gzlemlerler (deprem, kus gogleri), koleksiyonlar yaparlar (tas,
deniz kabugu), diinyay: aktif olarak incelerler (diinyanin kabugunu delerek veya
deneysel ilaglar kullanarak).

Bazi durumlarda, bilim adamlari sartlari tasarlayarak kontrol edebilirler ve delil-
lerini cok dogru olarak elde edebilirler. Ornegin, sicaklig kontrol edebilirler, kim-
yasallarin konsantrasyonunu degistirebilirler ya da hangi organizmalari digerleriyle
eslestireceklerine karar verebilirler. Bir zamandaki bir kosulu degistirerek, o ko-
sula bagli etkilerin ne olacagini gorebilmek isterler. Bunun yani sira, (yildizlar aras-
tirdiginizda), veya etik olmayan (insanlar tizerinde deneme yaptiginizda), dogal olay-
larin bigimini bozma ihtimaliniz oldugunda (vahsi hayvanlar kafeste alikoydu-
gunuzda) degiskenlerin kontrol edilmesi miimkiin olmayabilir. Baz1 durumlarda,
dogal sartlarda gergeklesen gesitli faktorlerin etkilerinin neler olabilecegini anla-
mak i¢in gozlemlerin yapilmasi gerekir. Bu ispata giivenme nedeniyle, daha iyi arag-
gereglerin ve gdzlem tekniklerinin gelistirilmesine ¢ok dnem verilmektedir. Tek bir
gozlemci veya gozlemci grubunun bulgulari genellikle digerlerince kontrol edilir.

Bilim Mantik ve Hayal Giictiniin Bir Karigumidir

Biitiin hayal ve diisilince tiirlerinin hipotez ve teorilerin olusturulmasinda kullani-
labilmesine ragmen, er ya da ge¢ bilimsel iddialar mantikl diistinmenin (yani, so-
nug ¢ikarmada, ispatta, sagduyuda, belirli kriterlerin ise kosulmasiyla iddialarin
gegerliligini test etmede ) ilkelerine uymak zorundadir. Bilim insanlari ¢ok sik ola-
rak 6zel bir delilin degeri ile ya da ortaya konulan belirli bir taslagin uygunluguyla
ilgili anlagsmazliga diisebilirler ve bundan dolay1 hiikiimlerin dogrulanmasini tar-
tismaya acarlar. Fakat bilim insanlar1 delil ve taslaklar hiikiimle birlestiren man-
tikl1 diigiinmenin ilkeleri hakkinda hemfikirdirler.
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Bilim insanlar1 sadece verilerle ve iyi gelistirilmis verilerle ¢alismazlar. Siklikla,
esyalarin olabilirligi ile ilgili gegici hipotezlere sahiptirler. Bu gibi hipotezler bi-
limde hangi verilere dikkat edilecegini se¢gmede ve ilave veri aramada ve verile-
rin yorumlanmasinda kilavuz olarak kullanilir. Aslinda hipotezlerin olusturulma-
st ve test edilmesi siireci bilim adamlarinin asil igleridir. Faydali olan, bir hipote-
zin hangi delilleri desteklenecegini ve hangi delillerin ¢iiriitiilecegini belirtmesi-
dir. Tlke olarak, delilleri test edemeyen bir hipotezin olmas ilging olabilir ancak
bilimsel olarak faydali olmas: muhtemel degildir.

Mantigin kullanilmasi ve delillerin titizlikle incelenmesi gereklidir fakat bilimsel
ilerleme i¢in genellikle yeterli degildir. Bilimsel kavramlar verilerden ya da sade-
ce belirli bir analizden otomatik olarak dogmazlar. Hipotez ve teorilerin olustu-
rulmasinda tabiatin nasil isledigi hayal edilir ve gercekte nasil test edilebilecegi dii-
stintilerek bulunur. Bu durum siir yazmak, miizik bestelemek ya da gokdelen di-
zayn etmek gibi yaraticidir. Bazen bilimdeki kesifler ansizin hatta bazen kazayla
bile yapilir. Fakat bilgi ve yaratici i¢gbakis, beklenmeyen anlamin fark edilmesi i¢in
gereklidir. Bir bilim insaninca ihmal edilen bir veri diger bilim insanini yeni ke-
siflere yoneltebilir.

Bilim Aciklar ve Tahminde Bulunur

Bilim insanlar1 kullandiklari agiklamalari olusturarak olaylarin gézlemlerini anla-
yabilmek i¢in ¢abalarlar ve bu agiklamalar su anki bilimsel ilkelerle uyumludur.
Bu agiklamalar ya da teoriler genis veya dar kapsamli olabilir fakat mantikli ol-
malidirlar ve bilimsel olarak gecerli gdzlemler ile anlamli bir biitiin olusturmali-
dir. Bilimsel teorilerin giivenirligi daha 6nce baglantisiz goriilen olgular arasindaki
iliskileri gdsterme kapasitelerinden gelmektedir. Ornegin kitalarin kayma teorisi,
ayri olaylar olan depremler, volkanlar, farkli kitalardaki fosil tipleri arasindaki
uyum/benzerlik, kitalarin sekilleri, okyanus katlarinin sekilleri arasindaki iligkile-
ri gostermesiyle giivenirligi artmistir.

Bilimin esas1 dogrulama ve gozlemdir. Fakat bilimsel teorilerin sadece bilinen goz-
lemlere uymasi yeterli degildir. teoriler ilk planda teorinin olusturulmasinda kul-
lanilmayan ilave gozlemlere de uymalidir. Yani teoriler tahmin edici giice sahip ol-
malidir. Bir teorinin tahmin edici giiciinii gostermek gelecekteki olaylarin tahmi-
nini gerektirmez. Tahminler gegmisteki fakat su an bulunmamis ya da calisilma-
mus delillerle ilgili olabilir. Insanoglunun k&keni ile ilgili bir teori, drnegin, insans1
fosil kalintilarinin yeni kesifleriyle test edilebilir. Bu yaklagim diinyadaki hayat form-
larinin ya da diinya tarihindeki olaylarin yeniden yapilandirilmasinda agikca ge-
reklidir. Bu yaklagim, daglarin olusmasi ya da yildizlarin yaslanmasi gibi ¢ok ya-
vas gerceklesen siireclerin calisiimasi igin de gereklidir. Ornegin yildizlar goz-
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lemleyebilecegimizden daha yavas bir evrim gegirirler. Yildizlarin evrimi ile ilgi-
li teoriler, buna karsin, yildizlarla ilgili verilerin toplanmasinda var olan yildizla-
rin 1g1klar1 arasindaki 6zelliklerle umulmadik iligkileri tahmin edebilirler

Bilim Insanlart Belirlemeye Calisir ve Onyargilardan Kaginir

Dogru olan bir iddia ile karsilasildiginda bilim insanlari onu destekleyen delilleri
aciklarlar. Fakat bilimsel delil, verilerin yorumlanistyla, verilerin kaydediligi ya da
belirtilisiyle hatta oncelikle hangi verilerin hesaba katilacaginin se¢imiyle bile n-
yargili hale gelebilir. Bilim insanlarinin milliyeti, cinsiyeti, etnik kdkeni, yasi, po-
litik gegmisi ve bunun gibi nedenler onlar1 aramaya veya birisini veya baska bir
tiir delili ya da yorumu 6ne ¢ikarmaya veya egilimli hale getirebilir. Ornegin, pri-
mat(maymungiller) aragtirmalar1 y1llarca erkek bilim adamlarinca erkeklerin aile-
deki erkek maymunlarin sosyal davranisina odaklanmistir. Kadin bilim insanlari-
nin bu alanda arastirmalar yapmalariyla disi maymunlarin aile kurucu davranisla-
11 fark edildi.

Onyargilar arastirmaciya dayandirilabilir, 5rnek, yontem veya arag her zaman ta-
mamen goz ard1 edilemeyebilir ancak bilim insanlar1 6nyargilarin muhtemel kay-
naklarini ve dnyargilarin delilleri nasil etkiledigini bilmek isterler. Bilim insanla-
rinin kendi ¢alismalarinda diger bilim insanlarinda oldugu gibi muhtemel 6nyar-
gilara karsi uyanik olmalar1 beklenmesine ragmen bu tarafsizlik her zaman ger-
¢eklesmez. Bir ¢alisma alanindaki 6nyargilara karsi alinacak dnlemlerden biri; cok
farkli arastirmacilara ya da o konuyu ¢alisan arastirmaci gruplarina sahip olmak-
tr.

Bilim Otoriter Degildir

Bagka alanlardaki gibi, belli bir alanda uzmanlasan insanlarin zengin bir bilgi ve
basvuru kaynagina doniismesi bilimde de mevcuttur. Ancak bilim tarihinde saygin
otoriteler bir ¢ok defa yanilmistir. Bu uzun kosuda, meshur bile olsa her bilim in-
sani, diger bilim insanlarmin dogrulugu ile ilgili karar vermeye yetkilidir, hi¢biri
diger bilim insanlarinin dogruya ulastigina inanmaz(stiphecilik). Bilimde bilim in-
sanlarmin arastirmalarina dayali ulastigi sonuglar disinda 6n kabule dayanan ka-
rarlar bulunmaz.

Kisa vadede, ana goriise tam olarak uymayan yeni fikirler siddetli elestiriyle kar-
silasabilir ve bdylesi fikirleri arastiran bilim insanlar1 aragtirmalari i¢in destek sag-
lamada giigliiklerle karsilasabilir. Gergekten, yeni fikirlere itiraz, dogru bilgi olus-
turmada bilimin dogal islerindendir. En saygin bilim insanlar bile diger bilim adam-
larini ikna etmek igin yeterince delil birikmis olmasina ragmen bazen yeni teori-
leri kabul etmeyi reddetmektedirler. Buna kargin uzun vadede, teoriler sonuglariyla
degerlendirilir: daha ¢ok olgu aciklayan yeni ya da gelistirilmis bir versiyonu ol-

53



dugunda veya daha dnceki versiyona gore daha 6nemli sorulari cevapladiginda, bu

yeni versiyon dnceki versiyonun yerini alir.
@s)
Sorular ;

Sence, gelecekte bir giin bilimsel bir yasa degisebilir mi? Nigin?

Ornek Olay ve Ozet w

Bilimsel Metot Kullanilarak Temel Bir Teorinin Gelistirilmesi:

*  Gozlem: Bugiine kadar gordiigiim her kugu beyazdir.

*  Hipotez: Biitiin kugular beyaz olmak zorunda.

»  Test: Her kitadaki kugularin rastgele 6rneklenmesi sonucu o kitalara has ku-
gularin beyaz oldugu goriilmektedir.

*  Yaym: “Benim diinya ¢apinda yaptigim arastirma gosterdi ki, her nerede goz-
lenirse gozlensin biitiin kugular beyazdir”.

*  Dogrulama: Diger bilim insanlarinin diger tilkelerde gézlemledigi her kugu
her zaman beyaz renktedir.

*  Teori: Biitiin kugular beyazdir.

e Tahmin: Bir sonraki gérecegim kugu da beyaz olacak.

Ancak, tahmin faydali olmasina ragmen, teori her zaman gorecegim bir sonraki ku-
gunun beyaz olacagini % 100 derecesinde dogru olarak gostermez. Bu yiizden teo-
ri yanliglanabilir (falsifiable). Ancak, bir kisi siyah kugu gordiigii zaman, teori dii-
zeltilmek ya da terk edilmek zorundadir. (Evet, diinyada gergektende siyah kugu-
lar da vardir. Bu 6rnek sadece konuya dikkat ¢ekmek igin bu sekilde ele alind1).

Gergek bilimsel teoriler yanliglanabilir olmak zorundadir. S6zde “teori” seklinde
adlandirdigimiz (dini) inanca dayalidir, 6rnegin yaratilig teorisi veya mitkemmel
tasarim gibi olanlar bilimsel teori degildirler. Onlar yanlislanamazlar ve bilimsel
metod sonucu dogmamuistirlar (http://www.wilstar.com/theories.htm).

Sik Sorulan Sorular

Bilimsel bir Yasay1 bilimsel teoriden nasil ayirabilirim? kﬁ
Yukaridaki Sorunun Cevabi i
Bilimsel yasa(kanun) gergeklesen bir seyin nedenlerini belirtir. Genellikle de ma-
tematiksel iliskilerle tanimlar. Ornegin genel yergekimi yasasi farkli mesafelerde

bulunan ve farkli kiitlelerdeki nesneler arasindaki kuvvetleri agiklar. Buna karsin,
bilimsel teori bir seyin ni¢in oldugunu agiklamaya ¢alisir. Farkli yercekimi teori-
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leri vardir, olan bir seyin ni¢in oldugunu agiklarlar. Bilimsel teori ve bilimsel yasa;
her ikisi de gozlem ve deneye dayanir, reddedilebilirler veya yeni kesiflere uydurmak
icin modifiye edilebilirler, gelecekteki deneyler ve gdzlemlerle ilgili tahminde bu-
lunmay1 saglarlar.

Bir Sonraki Okumalar i¢in

http://wiki.answers.com/Q/How_is a scientific law_different from a scientif-
ic_theory

http://evidence-based-science.blogspot.com/2008/02/what-is-scientific-law-
theory.html

http://www.wilstar.com/theories.htm

Kaynaklar

1. http://www.project2061.org/publications/sfaa/online/chap 1 .htm

2. http://www.wilstar.com/theories.htm
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Unite 4

Anlamh Ogrenme, Bilimin Dogas1

Amaclar:

Bilimin dogasint anlamak;
Anlamli 6grenmeyi gelistirmek.

Anlamh Ogrenme

Bizim anlamli 6grenme olarak kastettigimiz tanim; 6grencilerin yasamlarina uy-

gun karmasik fikirlerin derinlemesine anlasilmasini saglamaktir. Bilgi ve an-
lama 6grenenin zihninde bulundugundan, saglanan farkli bakis agilar1 anlamli
ogrenmeyi ve onemini derinlestirebilir. Anlamli 6grenmenin iki bakis agisindan
bahsedecegiz (Jonassen et al.1999).

Jonassen ve arkadaslari(1999)’na gore anlamh 6grenme:

Aktif. Cevremizle etkilesiriz, gevremizdeki nesnelere miidahale ederiz ve mii-
dahalelerimizin etkilerini gézlemleriz.

Yapilandirmaci. Aktivite gereklidir ancak anlamli 6grenme i¢in yeterli de-
gildir. Aktivite ve gézlemlerimiz iizerinde derinlemesine diisiinmeliyiz ve on-
lart anlamli 6grenmeyi saglayacak sekle gevirmeliyiz.

Kasith. insan davranislari belli bir amaca yoneliktir. Ogrenciler agikga belirtilmis
bir 6grenme hedefine aktif olarak erismeye ¢abaladiklarinda diistiniirler ve daha
fazla 6grenirler. Kendi 6grenme hedeflerini agik¢a belirtmek ve ¢abalarini iz-
lemek anlamli 6grenmenin kritik bilesenleridir.

Gecerli (Authentic). Diisiince ve fikirler anlam olusturma siirecine dayalidir.
Gergek hayattaki bilgilerle iliskili olgular sunulur. Karmasik problemler ger-
¢ek hayatla ilgili oldugunda 6grenme anlamlidir, konu daha iyi anlasilir ve yeni
durumlara transfer edilmesi daha muhtemeldir.

Isbirlikci (Cooperative). Bizler toplumlar igerisinde yasar, calisir ve dgre-
niriz, birbirimizden fikir ve yardim aliriz ve sorunlarimizi nasil ¢ézebilece-
gimizi konusuruz. Bu ortamlarda, ¢ogu problemlerin degisik ¢oziim yollari
ve diinyaya iligkin farkli bakis acilart oldugunu 6greniriz. Bundan dolay1 an-
lamli 6grenme, konusma ve grup yasantist gerektirir.

Wiske (1998) igerik tizerinde odaklanan bagka bir anlamli 6grenme perspektifi or-
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taya koymaktadir. O, 6gretme’nin ana fikrini $dyle tanimlar:

e Konunun, Bilimin ortasindadir. Her akademik bilim dalinda bu alandaki-
lerce fikir ve aragtirma yontemleri olarak kabul edilen ve siiregelen tartisma-
lara neden olan unsurlar vardir. Ogretme anlamli 53renmenin bu agilari kap-
samasi i¢in yapilir.

*  Ulasilabilirdir ve 6grenciler icin ilginctir. Konular 6grenci bakis agisindan
onemli olmalidir. Monroe Doktrinini* dgretirken drnegin, 6grencilerin onun
ilkelerinden anlam ¢ikarabilmeleri miimkiin hale getirilmelidir (*Monroe Dokt-
rini: ABD 2. bagkani olan J.Monroe’nin 1823’te yayinladigi “ABD Avrupa’nin
sorunlarina karismayacaktir, ancak Avrupalilar da ABD’nin sorunlarina ka-
rismamalidir. ABD ABD’lilerindir” seklinde kisaltabilecegimiz uzun politik
aciklamanin dzetidir). Biz bu konuyu Atatiirk ve Erzurum, Sivas Kongreleri
ile alinan kararlarin irdelenmesi noktasinda anlayabiliriz.

+  Ogretmenin zihinsel arzularim arttirmasi. Uretken olan bir konunun 6g-
retilis sekli igerigi kadar dnemlidir. Ogretmenin konuya iliskin meraki ve he-
vesi hayreti bulasicidir ve 6grencilerin 6rnek alacaklart bir model olarak ig go-
rur.

*  Diger konularla iligkililigi, o bilim dalimn icinde veya disinda olup olmadig.
Ogrenciler 6n bilgi ve tecriibelerini diger dnemli fikirlerle iliskilendirebildigi
durumlar 6grencilerin en ¢ok faydalandigi durumlardir.

Bu bilgiyi diger tavsiye edilen kaynaklarla birlikte kullanarak anlamli 6grenmeyi
anlama derecenizi arttirmanizi tavsiye etmekteyiz.

Bilimin Dogas1

Bilimin nasil isledigini anlamak kisinin bilimi “bilim-olmayan”dan ayirmasina olanak
saglar. Bu ylizden, biyolojik evrimi veya diger bir bilimi anlamak i¢in bilimin dogas1
ile baglamak gerekir (http://evolution.berkeley.edu/evosite/nature/index.shtml):

Bilim nedir?

Bilim, dogal diinyay1 anlamanin 6zel bir yoludur. Dogustan sahip oldugumuz mer-
ak alanimiz1 genisletir. Gegmisi gliniimiizle birlestirmemizi miimkiin kilar.

Bizim duyularimiza ve bu duyularimizin aletler kullanilarak genisletilmesine day-
al1 olan bilim, bize kainat ile ilgili kesin bilgi verebilir. Bilim kendine 6zgii “ku-
rallar” izler ve bilimin sonuclar1 daima deneye ve -eger gerekliyse- revizyona day-
alidir. Bilimin dislamadigi boylesi sinirliliklarla birlikte, igerisinde iyi bir par¢a man-
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t181n bulundugu yaraticilik ve hayalden yararlanir
(http://evolution.berkeley.edu/evosite/nature/index.shtml).

Bilimin Dogasimin Tarihi

Insanlik tarihi boyunca, insanlar fiziksel, biyolojik, fizyolojik ve sosyal diinyalar-
la ilgili birgok baglantili fikirler olusturdular. Bu fikirler ardisik nesillerin insan tiir-
leri ve ¢evresi hakkinda gittikce artan kapsamli ve glivenilir bir sekilde anlamasini
miimkiin kildi. Bu fikirleri gelistirmede kullanilan araglar; belirli gozlem, diisiin-
me, deney ve onay(validating) yontemleridir. Bu yollar bilimin dogasinin esas yoniinii
temsil ederler ve bilimin diger bilme durumlarindan nasil ayrildigini gosterirler
(http://www.project2061.org/publications/sfaa/online/chap1.htm).

Bilimsel ¢aba seklinde gozlenen fen, matematik ve teknolojinin bileskesi bilimi
oldukga basaril kilar. Bunlarin her biri insan faaliyeti olmasina ragmen her birinin
bir 6zelligi ve kendi tarihi vardir, her biri digerlerini giiglendirir (http://www.pro-
ject2061.org/publications/sfaa/online/chap1.htm).

Bilimin Dogasini (NoS) Anlamak (http://www.tki.org.nz/r/science/science is /nos):
Bir insan aktivitesi olarak bilim

Bilimin dogasini1 anlamak, etrafimizdaki diinyay1 anlamamiza yardim eden ve in-
sanlar tarafindan olusturulan, ¢agdas bilgi birikimi olan bilimle ilgilidir.

Bilimin Dogast

Basarty1 destekleyen bilimin dogasinin hedefleri 6gretmenler tarafindan 6grenci-
lerinin bilimin dogasin1 anlamalarini arttirmak ve bunu igerigin basamaklarryla daha
iyi biitiinlestirmek i¢in kullanilabilir. Asagidaki listeden kavramlar: destekleyen,
6gretmenlerin notlari, bilimin dogasini anlayarak yapilandirmaniza yardim eden soru-
lar ve drnek bilim aktivitelerinden bilimin dogasi ile ilgili bir konu segin.

Bilimsel fikirleri inceleme

* Bilim insanlar1 kendi bilimsel fikirlerini arastirilabilen sorulara doniistiiriirler

* Bilim insanlarmin goézlemleri kendi bilimsel fikirlerinden etkilenir

¢ Bilim insanlarmin arastirmalar1 kendi toplumlarindan etkilenir

* Bilim insanlarinin tahminleri kendi var olan bilimsel bilgilerine dayanir

* Bilim insanlar1 kendi tahminlerini test etmek i¢in arastirmalar dizayn ederler

* Bilimsel arastirmalarin olusturulmasinda birgok farkli yaklagim ve yontemler
kullanilir

* Bilim insanlar1 yaptiklar1 arastirmalarla yeterli veri toplamay1 hedeflerler

* Bilim insanlar1 arastirma sonuglart hakkinda elestirel olarak (kritik) diistiniir-
ler.
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Bilimsel aciklamalar olusturma

* Bilimsel arastirmalar ilham igerebilirler

* Bir arastirmanin sonuglart hakkinda birden fazla agiklama olabilir

« Bilimsel agiklamalar bir model formunda olabilirler

* Bir aciklama bir olay1 dogru bir sekilde tahmin ettiginde agiklamadaki giiven
nedeniyle bilimsel bilgiye doniisiir.
Bilim Bilgisi

* Bilimsel aciklamalar bilimsel bilgi olarak kabul edilmeden 6nce meslektas deger-
lendirmelerine dayanikli olmak zorundadir.

* Yeni bilimsel agiklamalar genellikle diger bireylerin veya gruplarin direnciyle
karsilasir

» Zamanla, bilimsel bilgi tiplerinin degerleri degisebilir

» Biitiin bilimsel bilgiler, ilke olarak, degismeyle kars1 karsiya kalabilir
Bilim kiiltiirii

« Bilim kiiltiiriinde ac¢ik fikirlilik dnemlidir

* Bilimsel ilerleme mantikli ve sistematik calismayla ve ayni zamanda yaratici
sezgilerle(ilham) ortaya ¢ikar

* Bilim diger kiiltiirlerle etkilesir

Sorular @

1. Yapilandirmaci fen egitiminin amaglari ile anlamli 6grenme arasinda  ben-
zerlikler var midir?

2. Bilimin dogasini bilmek, bilimsel siireci anlamak i¢in zorunlu mudur?

Ornek Olay w
a

Fen dersi boyunca 6gretmen dgrencilerin kavramlari anlayislarim ortaya gikarmak
icin dgrencilerine birgok soru sordu. Ogretmen dgrencilerine konuyu égretirken bazi
modeller ve analojiler de kulland1. Ogretmen &grencilerine kavramlarin benzerliklerini,
farkliliklarini, birbirleriyle olan iliskilerini, sebep ve sonug iligkilerini de 6gretm-
eye calist1.

.. 1%
Ornek Olay Hakkinda Sorular @’:m

1. Boyle uzun bir dersten sonar 6gretmenin 6grencilerinin anlamh §grenmeyi gergek-
lestirmis olabileceklerini sdyleyebilir misiniz?

2. Bilimin dogasini bilmenin anlamli 6grenme lizerine faydalar1 neler olabilir?
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Ozet ?
Anlamli 6grenme, 6grencilerin yagamlarina uygun karmasik fikirleri
derinlemesine anlama olayinin gerceklestirilmesidir. Bilgi ve anlama 6grenenin zi-
hninde oldugundan, ¢ok sayida bakis acis1 saglanmasi anlamli 6grenmeyi ve dne-
mini daha iyi anlamamizi saglar. Bilimin nasil igledigini anlamak kisiye, bilimi “bil-
im-olmayandan” ayirmasina olanak saglar. Bu yiizden, biyolojik evrimi veya diger
bilimleri anlamak i¢in bilimin dogasini anlamak gereklidir.

Sik Sorulan Sorular
Ogrenciler bilimin dogasini nasil 6grenebilirler? I‘ﬁ ;

Yukaridaki sorunun cevabi

Ogrenciler bilimin dogasini arastirarak dgrenebilirler:

* Bilimsel bilginin bilim insanlarinca nasil olusturuldugu

* Bilim toplumunun ydntem ve uygulamalar1

* Bilimin hepimizin icerisinde yasadig1 diinyayi nasil sekillendirdigi
* Bilimin tarihi (yontemler, bilgi ve amaglar).

Bir Sonraki okumalar I¢in
1. http://evolution.berkeley.edu/evosite/nature/index.shtml

2. http://www.tki.org.nz/r/science/science is/teaching science/types_investiga-
tion_e.php Types of investigation

3. http://www.tki.org.nz/r/science/science_is/teaching_science/teaching_mod-
els_e.php Teaching with models
Kaynaklar:

Lederman, N.G., Abd-El-Khalick, F., Bell, R.L., & Schwartz, R.S. (2002). Views
of nature of science questionnaire (VNOS): Toward valid and meaningful assess-
ment of learners’ conceptions of nature of science. Journal of Research in Science
Teaching, 39, 497-521.
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