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3.Summary:

Topics related to the light and its role in natur¢he Polish curriculum is divided into topics
related to the geometric optics, which only in @ximate way describes propagation of light and
wave optics, where phenomena associated with thie wature of light as interference, diffraction
and polarization are discussed. Later, in the mroghaysics, second, molecular (Qquantum) nature
of light is also considered. One of the first ndt the first - theme is the phenomenon of reftecti
and refraction of light falling on the boundarieJeen the various media. Most teachers just
take this opportunity to talk about the basic agsiion of geometric optics — on rectilinear
propagation of light and the light itself presamthe form of radiating rays. Later, this model of
light is used in constructing the images produceshirrors, lenses as well as in more
sophisticated optical instruments. In general, harethe large volume of material that must be
achieved within a lesson unit, omitted an explamatif the basis on which the light "emerges” in
the form of straight lines or section that is faegw of light rays, as well as physical
considerations and observations confirming theditgliof this assumption. We take it as certainty
(axiom).So, lacking in our curriculum introductory lesson to geometrical optics!Lessons,
during which the students themselves could conctudeectilinear motion of light, and the
consequences of such motion.

Aim of this lesson would be also illustration, snetimes long way leads from the observation
of the phenomenon to drawing the correct conclissiehowing its explanation.

The shadow is accompanied by the People "alwaystdbly many a time was asked what is the
reason for its creation and what are the conditmng/hich his "look" depends. The discovery -
the shadow of light arises because the light irmthraogeneous space move along straight lines —
drew out Witelo, but only in the thirteenth century

This subject can and should be implemented at thoiver and higher) secondary schools and at
every level of education.

4. Description of Case study

Lesson, which the theme is "Studies of Witelo ectilinear propagation of light” (Scenario - see
Annex 1) in the form proposed by us, has beeneazhout in the second class of higher secondary
school (adolescents of 18 years) with mathematiphlysics profile.

Essential part of the lesson was preceded by thilrfent of the student survey, in which they

had the opportunity to comment on: what aboutisree, whether and to what extent are they



aware of the fact that the achievements of sciane@ised almost everywhere, who is a scientist
for them, what is his style of work and what are tlonditions of the scientific work. The results
of the survey, together with student developmeatshe found in Annex 3 (Nature of Science -
NoS Questionnaire).

Fundamental lesson was divided into two partsfitee- in which using replica of Witelo
equipment and today known methods we evidencedréigtilinear propagation of light, the
second - during which we were acquainted and“plsged” with the consequences of such
phenomenon.

Lesson itself proceeded as follows. Students atierpleting the survey were familiar with the
figure Witelo. For this purpose, not to spend taechntime on Witelo CV ,,but only indicate its
importance for the world of science, a multimediasgntation was used (Annex 2- in Polish so
far). Teacher is asking a few questions like: Whéight? What its sources you know? In this
way the teacher is trying to determine the levekradwledge of students on the topic, errors in
reasoning, and expression of the understandingualests. Afterwards, the students are
familiarize with the definition of light and theght ray given by Witelo. The students pay
attention to the archaic language of these dedimsti Using a laser pointer, and an aquarium
containing water with dissolved in the drops ofkrshows that the light in the homogeneous
media, if does not encountered any obstaclespageattes in straight lines. To show that not only
the laser light (which is collimated and targete@m), but also light from the continuous source
runs rectilinearly, we reconstruct the origingberiment of Witelo. This experiment is carried
out independently with two pairs of students, oftadents are watching, drawing conclusions.
A simple consequence of the rectilinear propagatidight is the formation of a shadow, what
was also the subject of Witelo. research. Willithgg students played the role of researchers |
divided them roughly into equally-numerous groupach group have been equipped with various
light sources (spotlights and continuous), transpland not transparent objects of all sizes and
shapes, etc. Using the above. instruments theydhadswer the questions: What is the shadow?
"Where we see it?, What determines the intensith@shadow?, What is a penumbra?, What
determines the number of formed shadows? Is thegoshenon of the shadow and penumbra
related to the sun or the moon eclipse obsemsio

Active, enquiry work of students during the las$as been documented by them, while by the
teacher's positively evaluated. Pupils discoverg that they fill very well in the role of
"researchers”, "fun" with shadows caused them afl@in. At the end of the lesson they reported
the need for more frequent lessons organisedismihy.

5. Historical and philosophical background, includng the Nature of Science

Witelo was the first in the history of Polish scti@ (such as historical sources indicate - he was
the son of Poles and Turyngian). The first, anceame of the greatest in Europe in the thirteenth
century. Was one of the closest leading contempanéellectual elite and his works were known
to Nicolaus Copernicus, Johannes Kepler and Lelonda Vinci. Thirteenth-century deep

Middle Ages - a time of superstitions, prejudioggches, demons and devils. However, as the
case of Witelo and others like him, became a tiaseihated by the logic and Aristotle's
rationalism. Indeed, for Witelo empirical facts wenore important than intuitive studies.

Both the political situation in the country, as lad generally accepted belief, rising to the hgghe

rank of the church, were not conducive to the dgwalent of Witelo, who had just started his
studies at the University of Paris. There he metTBomas, who as himself was an advocate of
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the theory of Aristotle. At the same time at thaudnsity of Paris taught St. Bonaventure
representing the other side of the ideologicalibades. Ultimately, however St. Bonaventure, but
not St. Thomas instilled young Pole his fascinatiath light. Witelo since then he had his own
theory of the mechanism and the physiology of visfarticularly his own theory of the

formation of optical illusions, writing that "the/@ does not receive any other information outside
the light, colours and size of the angles, but ahé/mind is processing impressions with the help
of performances taken from the experience". Witsled the advantage of his theory, without
reference to the "satanic power" for explainingekient that took place in his homeland. Well,
gray dawn, a certain Henry Cat profession knigtiijevhunting for wolves in the woods of
Legnica saw a wolf the size of the wall of for€3igantic beast ran into pig strapped as the bait
near the trap. Knight Cat, although "in great fearit managed to remain in position long enough
to see an extraordinary thing - the wolf as he @pghed the pig, was smaller and smaller, and
when the victim was already at him become of nagiza. Witelo pointed out, that the
observations were made at very low light (dawn)iciviinas prevented proper evaluation of the
distance. Hence, there was an optical illusionyltiesy from a deficiency of information received
by the eye.

Serious scientific work on optics, Witelo starsgdthe Papal court - during the conclave after th
death of Pope Clement IV. As the result of thatkyaa work of life of Witelo "Perspectivorum

libri decem” was created. In this Book the contenapy knowledge in the field of optics
Phenomena: the rectilinear propagation of ligktreflection, refraction and dispersion were
discussed in a precise way, that is most closgbeth on mathematics and geometry. Witelo in the
work "Perspectivorum ..."describes a devices thatexl him to obtain an empirical knowledge

on physical phenomena, in particular a device bichwvm a simple, though ingenious way he has
proven rectilinear propagation of light.

6. Target groups, the importance for curriculum andeducational benefits

The target group are students of all types of sishatoevery level of education. This lesson can
be done also in extracur-ricular activities, sastthe physics circles. Study of rectilin-ear
propagation of light as well as "shadow party" teeaan opportunity to make it one of the
elements of interactive exhibi-tions arranged mélploratory or technology museum. The
lesson has inquiry character, ie: students do tweir histori-cal experiment demonstrating a
straight run of light and look-ing for simpler, neomodern methods of presentation. Per-forming
simple experiments with a shadow they are answehiagjuestions: When is the shadow coming
into existence? Why does it arise? A Where a shad®es? What determines "look™ and the
number of emerging shadows?

The lesson is a fun, during which the followingncepts are assimilated: a light beam, a stream
of light, shadow, penumbra, and also in a quali¢gatvay the phenomena of solar and the moon
eclipses are explained. Pupil doing their own eixpent ceases to be real doubt whether the light
propagates in straight lines, which is relevantgriurther studies. Introducing of the historical
elements aims to encourage students to learn "fbases", stretching to the beginning, the first
things, the basic concepts and definitions. Wektkat only then knowledge of students will be
complete and reliable.

7. Activities, methods and tools of learning

Teaching Methods:
* based on the word,



a talk - presentation in a clear and transparemingraof the necessity to conduct research by
Witelo in optics, and to quote some definitiopgstulates and theorems formulated by him,

» based on the observatiosn and measurements
demonstration and measurements — repeatition @eithils) of the Witelo experiment Witelo by
two pairs of students, reading the results anditiga appropriate conclusions

Educational tools:

* acopy of the presentation device of Witel@ljiea) for rectilinear propagation of light,
* multimedia projector, computer, ppt preseatgt

« overhead projector, a sample of transpanett@t transparent items,

» three light sources (candles, light bulbs),

» three different sizes of balls or round fruits

* board, chalk.

8. Difficulties in teaching and learning

Lesson conducted in the project HIPST was precbgledsurvey in which students demonstrated
knowledge related to the science and scientistsiedsas have the opportunity to identify their
relation to science, popular —scientific and thergdic literature, etc.

Fundamental lesson was a fun. Students correcthyened questions and formulated their own
conclusions and proposals related to the made \wdismns. Demonstrated also the creativeness in
the search for modern methods of presentationlirexzdr propagation of light. A little problem

was with the historical experiment of Witelo, where used continuous source of light. Students
didn’t know that as a consequence of rectilinemmgmission of light, after removing the obstacle
from the Witelo device, width across the beam ot Isades of the hole in the wall of cylinder

will increase the same. This difficulty can be sal\by enriching experiment with simulation,
replacing the beam of light in the original expezimhby the rays in the computer simulation.

After the lesson, Questionnaire (on NOS), whicls Ibeen previously completed was repeated.

9. Teacher’s pedagogical competencies

To carry out a similar lesson does not requireadditional capacity or skills, but only those whate
necessary to work as a teacher. Everything whatleéd¢o undertake our tasks, the mission of legraimd
teaching others is completely enough here. Liifiiicdlty, can make only the construction a replafa
Witelo device. To achieve the desired results weuse just the simplified version of this instrumere.g.
the paper cylinder with indicated on its inner diole angle in degrees, a pair of concentric holébe
walls of the cylinder and small block with smalllé®at an appropriate height. Necessary is also an
appropriate source of light.

10. Documentation (evidence) of studies
Documentation of the survey research is eg. aveagestudies of students on the use of science in
everyday life, the need for scientific researchvall as the impact of determinants of the age in

which scientists are living on the process of ttoea— discovering.

11. Further professional development of users
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Scenario of the lesson on:
Witelo’s studies on rectilinear propagation of ligh.

Justyna Chojnacka
Zespot Szkét nr 4, IV Liceum Ogodlnoksztade im K. K. Baczjyiskiego,
ul. Kaliska 108, 87-800 Wtoctawek

General aims:

— cognition of assumptions that determine the light description in
geometrical optics,

Specific aims

Student:

— knows historical reasons motivating to search the answers to the
guestions connected to human’s perception, vision of the world,

— understands potrzebe the need to create and refine the new physical
concepts and to formulate and prove the theorems,

— understands the weight of proving the theorems empirically,

— recognizes, by studying the certain fragments of Witelo work, the
evolution of the ideas,

— knows the basic assumptions of geometrical optics,

— is able to decribe the course and explain the result of the historical
Witelo’s experiment,

— explains the formation of shadow and penumbra,

— knows under which conditions we observe the Sun and Moon
eclipse,

— indicates the areas of everyday life, in which we use the shadow and
penumbra phenomena.

Educational methods:

« based on words,
talk — clear and transparent presentation of the need to conduct optics studies
by Witelo, also quotation of some definitions, postulates and theorems that he
formulated,

« based on observation and measurement,
demonstration and measurement — detailed repetition of Witelo experiment
by two pairs of students, deriving the results and proper conclusions.

Educational tools:

« copy of Witelo’s device for demonstrating the rectilinear propagation of light,

« multimedia projector, computer,

- overhead projector, sample transparent and opaque objects,

- three sources of light (candles, bulbs),



- three balls of different size or spherical fruits,
- table, chalk.

Forms of work:

+ individual,
« 5-person groups,
« homework.

1) Teacher’s welcome, write of the lesson’s subject and short
information about the meeting’s aims.

INTRODUCTION

Witelo was one of the most famous Polish scientists. He stretched his
research on almost each science segment, that is why his susequent works created
the unity with everyday life elements. His work ,Perspective” which might seem
devoted to optics, one of physics’ branch, is also the basic geometry work. It also
deals with human physiology, one chapter is an eye description with its mechanisms.
Witelo took into account the subconscious action of mind, its influence on ,seeing”.
There were many interests in Witelo’s activities, he was not only the naturalist, but
also mathematician and philosopher.

During our physics lessons, we will limit ourselves to tracing Witelo’s way of
thinking, which lead him to formulate subsequent theorems and some experiments
fundamental for geometrical optics (slide no.2 from the presentation - Fig.1.).

Witelon, takze: Witelo, Vitellio, Vitello, Vitello
Thuringopolonis, Erazm Ciotek (ur. ok.1230 -

zm. miedzy 1280 a 1314)

Syn Turyngdw i Polakdw

Dziatajacy w XIIT wieku Witelo, jeden z najwybitniejszych uczonych
europejskich epoki sredniowiecza, zwany takze Witelonem, Vitellio, Vitello lub
nawet Erazmem Ciotkiem, byt pierwszym Polakiem, ktéry zyskat na polu nauki
stawe europejska,

O znaczeniu jego prac niech Swiadczy fakt, ze byly one czytane, cytowane i
uzupeiiane w nastepnych wiekach m.in. przez takie stawy jak Mikolaj Kopernik,
Leonardo da Vinci, Izaak Newton czy Johannes Kepler.

Fig.1. Slide no. 2 of the presentation.



Teacher’s activities

q

$tudent’s activities

1. Teacher questions:
What is the light?

- The light is the visible range of
electromagnetic spectrum
(electromagnetic wave),

- collection of particles — photons,
each carrying his own energy

2. Teacher shows the definition of
light by Witelo as the next slide of
the presentation (Fig.2.).

- students notice the archaic way of
formulating the definition,

Definicja Swiatta wg Witelona -
Witelona Perspektywy ksiega I

Swiattem pierwotnym nazywa sie to, ktére jest

przyczynq [$wiatta] wtérnego. Tak np. Swiatto
wchodzace przez okno do mieszkania i o$wietlajace
reszte mieszkania, w miejscu na ktdre pada, nazywa
sie Swiaftem pierwotnym, a w katach mieszkania
nazywa sie Swiattem wtornym.

Fig.2. The definition of light by Witelo.

3. What do we call the source of

- the sources are all radiating

light? objects,
4. What is the way of light - rectilinear one
propagation?

What is the way to observe it?

- laser’'s beam, shadow

5. Introduces the definition of light
ray and light beam: while observing
the Sun Witelo assumed, that the
light propagates linearly as rays.
Due to Witelo we can see the light
only when it has the certain width
(the lines along which the light
propagates have a certain width). In
the middle of the line there is a
symbolic mathematical line, or the
minimal visible portion of light. All
the other light lines are parallel. The
set of the parallel rays is the light
beam.

It is the first assumption of
geometrical optics: The light stream




is a collection of separate, individual
rays.

6. Shows the pictures on which you
can notice, that the rays are
rectilinear (Fig.3.).

- they notice, that the rays on the
pictures are rectilinear,

nien Swietlny jest to zbidr oddzielnych,
niezaleznych promieni.

. . -
Fig.3. The slide which shows the rectilinearity of light.

7.Presents the Witelo’s theorem
about rectilinear propagation of light

(Fig.4.).

- read the content

sLEXiting of] the rays from any light
source and propagating of the
forms takes place linearly. The
above statement can be proved not
by evidence, but using a device.”

Twierdzenie 1

[Wychodzenie] promieni z dowolnych
zrodet Swiatta oraz rozprzestrzenianie sie
form odbywa sie po liniach prostych.

To, co tutaj sie twierdzi, mozna objasnic nie
dowodzeniem, ale za pomocq przyrzqdu.

Fig.4. The slide presenting Witelo’s theorem
on rectilinear propagation of light.




8. Demonstrates the exact copy of
the device, which was used to prove
the rectilinear propagation of light.
There is a scheme to redraw for the
students (Fig.5.).

- the student describes the device:

The device is an empty cylinder of
concealed bottom. There is a
degree scale on the inner side of
the cylinder. There are two identical
holes (2-3 mm wide) on opposite
sides of the cylinder's wall. These
holes are on the same height (2-3
mm) from the bottom of the device.
Iside the dish there is a flat-plate
parallel with the same hole as the
ones drilled in cylinder's walls. The
plate is attached to the bottom. This
way all the holes are located on the
same line, perpendicular to the
cylinder’s axis.

Uktad do pomiaru: prostoliniowosci
rozchodzenia sie swiatta

Fig.5. The slide with the scheme of the device for measuring
the rectilinear propagation of light

9. Explains how to perform the
experiment.

- two pairs of students perform the
experiment, derive the results
(determine the beam’s width), the
other formulate the conclusions,




EXPERIMENT:

We put the light source next to one of the holes. The light is coming into the plate's

hole and then on the cylinder’s wall creating a circle spot there.

Fig.6. The scheme of the device, which was used to document the rectilinear propagation of light.

OBSERVATIONS:

There is a circle spot of light on the cylinder’s wall, the middle of the light circle
covers the next hole (marked C). We can determine the beam’s width on the inner

cylinder’s wall and notice that the width is the same on both sides of the hole.

CONCLUSION:
The line along which the light ray goes crossing both holes A and B and then the
middle of the light circle C is located on the plane and creates the circle’s diameter.

The circle’s diameter is a straight line.

10. Formulates the second - writing,
assumption of geometrical optics:

The light rays go rectilinearly from the
source up to the moment when they
meet the obstacle or there is a change
of the environment in which they
propagate (Fig.7.).




Gtowne zatozenie optyki geometrycznej:

Promienie Swiatta biegng prostoliniowo
od swego zrédta do momentu w ktérym
napotkaja przeszkode lub nastapi zmiana
os$rodka, w ktorym sie rozchodza.

Fig.7. The slide describing the second assumption of geometrical optics.

11. The formation of the shadow is
one of the consequences of the
rectilinear propagation of light.

12. Devides the students into 5
groups. Each group has its own set of
props to demonstrate other
phenomena. The teacher (T) asks the
guestions, the students (S) answer.

Each conclusion derived from the
experiment is displayed on slides as
the theorem formulated by Witelo a
long time ago. (Fig.8.).

.- W nieobecnosci swiatla powstaje ciert (Post.3).
. Z pojawieniem sie Swiatfa znika cien (Post.4)

. Cien ciata nieprzezroczystego bardziej oddalonego od ciala
swiecgcego jest mniej intensywny, blizszego bardziej (Tw. 31).

. Swiatla i barwy w ciatach przezroczystych nie mieszaja sie
wzajemnie, ale przenikajg [je] oddzielnie (Tw.5).

. Jezeli srednica kulistego ciata swiecgcego jest wieksza od srednicy
oswietlanego ciala kulistego, to oswietlona jest wiecej niz potowa
ciata, a podstawa cienia jest mniejsza od wielkiego kota ciata
oswietlanego, [a linie ograniczajace cien ] przecinaja sie w jednym
punkcie za ciatem (Tw.26-29).

Fig.8. The slide containing the experiment’s conclusions.




Experiment 1

Students demonstrate the shadows of different size and shape. They change the
distance between the light source and the object.

T: What is the shadow? Where is it formed?

S: This is an area not available for the light.

T: Would it be possible to get the shadow if the propagation of light is not rectilinear?
S: No, because each area could be lighted.

T: When is the shadow more intensive, when is it weak?
S: The closer the object gets to the light source, the more intensive is the shadow.

Experiment 2

We point the light beam from the projector on the object:
a) transparent,
b) opaque.

T: What do you observe?

S: The shadow arise if we direct light on opaque object. We don’t get the shadow if
the light is directed towards the transparent object.

Experiment 3

We illuminate the same objects as in Experiment 1 with two light sources or one
extended source.

T: What do we observe?

S: We observe the fuzzy shadow, that means stronger in the shadow of both sources
and weaker around — in the area we call penumbra.

T: How does penumbra arise?
S: One light source illuminating an opaque object is causing its shadow. At the same
time this area is lighted by the second source, hence the penumbra effect.

Experiment 4

We illuminate an object by three light sources.

T: How many shadows arise?

S: Three.

T: What does the number of shadows depend on?

S: On the number of light sources.

T: Are there any natural phenomena connected with the umbra and penumbra?
S: Yes, solar and lunar eclipse.

Experiment 5

Demonstration of solar and lunar eclipse by setting the balls or fruits of different size
in the correct order.



2) The teacher summarizes the lesson, providing the homework: Is there
,something” (person, animal, object) which under favorable conditions, does not have
the shadow? Answer.

BIBLIOGRAPHY:
1) L. Bieganowski, A. Bielski, R.S. Dygdata, W. Wréblewski, Witelona Perspektywy

Ksiega Il i lll, Wydawnictwo Polskiej Akademii Nauk, 1991
2) A. Bielski, L. Bieganowski, Studia i Materiaty z Dziejéw Nauki,



Questionnaire analysis related to the lesson:

“Witelo’s studies on rectilinear propagation of light”
by Justyna Chojnacka

The Questionnairethat was recommended to complete before and eftatucted lesson has
been prepared within the framework of internatiopadject HIPST. The questionnaire is
divided into two parts. The first part consistsgolestions such as: what is science, what are
the conditions of the scientific work, who is aestist, whether the students are aware of the
fact that the achievements of science are usedvanyeay life. Students respond to the
individual questions using the Likert scale chogsirom among five itemsNo (strongly
disagree), rather No (disagree), | don’t know (heitagree nor disagree), rather Yes (agree),
Yes (strongly agree).he second part consists of 15 affirmative ser@em®@ach one describing
two types of People. Students had to determine witich type they identify. They had two
options to choose: the type of person who describeseither moderately or strongly.
Students completed the Questionnaire twice: befodeafter the lesson.

The questionnaire has been carried out in thenseatass of higher secondary school
(adolescents of 18 years) with mathematical - isygrofile. In total, it was completed by 18
People, including 13 men and 5 women.

Below, | insert a chart with a brief commentaryustrating how the attitude of students
towards the science and scientists has changedthéidesson: "Studies of Witelo on the
rectilinear propagation of light”. The first thahet second part of the questionnaire will be
discussed.

Part one contains 22 statements divided into 3 rewipg: those concerning science, its
universality, scientists and their conditions ofrkvas well as our impact on discoveries made
and research work. Students ticking the box detezthiconsistency (or inconsistency) with
the opinion stated in the sentence. The first sulggrconsists of 11 sentences such as:

“In science, most of the questions have only orreech answer, Science helps us understand
the world, In science the truth is always the sa®ugence is only for men/women”.

Before the lesson on rectilinear propagation dftli0 out of 18 pupils stated that in science
rather most of the questions have only one coeesiver and only one person was strongly
against. After the lesson the students view offtes has not changed significantly (Fig.1).
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Fig.1. Trends presented by students concernig the statenja science, most of the questions have omlg o
correct answer”

Almost every student ( before the lesson 12 ouiSpfafter the lesson 11 out of 18) believes
that the contents of the scientific books are titiere is one question remaining: are the
students able to distinguish scientific books frempular- science and pseudo - science and
the truth contained in which of them they consigelbe unquestionable (Fig 2 ).
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Fig.2. Trends presented by students concerning statertfgrauy,read something in the scientific book —
that is true for sure.



Students are aware that science allows us to uladerthe world and makes our lives easier
and more comfortable. 16/18 students find sciexgaining the processes occurring on
Earth and in the Universe (Fig 3,4).
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Enjoying is the fact that students do not idengifjence with only one gender e.g. they
assume that a good scientist might be both a mdmavoman. Nevertheless, it can be seen
that a more specific answer on this issue was gddnefore the lesson. Results of the
guestionnaire conducted after the lesson on Waedanore scattered in other answers,
although still indicate equality between men ananea. It is probably due to the fact that it
was the boys that showed greater brilliance, migatnd curiosity than girls. (Fig 5,6).
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Fig.5. Trends presented by students concerningtétement: ,Science is only for man”
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Fig.6. Trends presented buy students concerningttement: ,Science is only foe woman”.



Surprisingly , according to 11/18 students scigag®t only for gifted people. After
participating in individual scientific work the ndrar dropped to 4/18. (Fig 7)
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Fig.7. Trends presented by students coirggthe statement: ,Science is only for gifteddsnts”

Sentences in second subgroup are connected tdistsetheir work circumstances and
applied research methods.

Students show a rather poor knowledge of scierliigs. They do not realize that national
policy, the economy, financial situation as welldece of residence, etc. have great influence
on their development. That explains a great nurabanswers — neither agree nor disagree.

After presenting the situation in medieval (supBosts) Europe, a strong impact of the
Church on the science and scientists, and how W&telews on many issues differed from
generally accepted, the pupils realized that thgwalive and how we live influence the way
we reason (Fig 8,.9).

Students generally assume that scientists condusearch use different scientific methods
and conduct research using different methods sodéme explain one thing in a variety of
ways. (Fig 10,11)
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Fig.8. Trends presented by students concerningttement: ,Scientists are influenced by the ciomk
of their life: economy, religion, art
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Fig.9. Trends presented by students concerningttement:, Scientists are influenced by the wihey live.
For example through their families, fia&l situation, place of living”.
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Fig.10. Trends presented by students concerningtéftement: ,, All scientists conducting research the same
scientific method”.
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Rys.11. Trends presented by students concerningtdlbement:” Scientists conduct research using
different methotls



Sentences from 18 to 22 indicate the degree oflpsagwareness that science or rather its
achievements are used by us every day and thdatgeaextent we influence what the
research are conducted on suggesting the needsfcific technique, technology, etc.
(Fig. 12,13).
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Rys.12. Trends presented by students concerningtdlbenent:, The way scientists are conductingaiese is
fluenced by needs of other People.
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Rys.13. Trends presented by students concerningtéement:, All of us are responsible for the wéysing
results of scientific research in the everydés/ li



The second part of the Questionnaire consists atdtements describing two types of
People. Students by ticking box determine the éxtewhich they identify with the types of
People: moderately or strongly. Sentences desgrianticular types of People do not differ
much from each other, they revolve around the dapie: Do students demonstrate the
independence in discovering law of nature? Hengegemeral summary of the second part of
the questionnaire.

Students ( adolescents of school age) like seliaaee when working on the lessons of
natural science. 15/18 people pointed out thaeseetconcerning the independence of
working on lesson described them perfectly. Theypaled teacher to engage only slightly by
establishing the research topic. At the same tatuglents are willing to work as a team -
14/18 students announced after the lesson thatyfhesof person described them. It is easier
for them to discuss, call into question the obsgona made or draw conclusion in a group of
their peers rather than discuss them with thecthtea For young people, for whom the
natural science is not a favorite course, thetglih independently carry out simple
“scientific” research is a big challenge and gfeat Lessons in which students make their
own experiments are for most of them attractiveth&tsame time making an effort of
experiments students realize how difficult it isr®times to understand anything related to
science.

The following charts (Fig.14,15,16) show the tread®ng the students described above.

Some students like themselfs to discover what to dio science activities
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Fig. 14. Trends presented by students relatedftoedmnce work during the lessons
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Students like to work with colleagues in the scieiiic activities
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Fig.15. Trends presented by students related t&imgin team at science lessons.

Students like to discuss their ideas with colleagseduring
the scientific activities
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Fig.16. Trends presented by students related tuskson with colleagues at science lessons.



