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ABSTRACT:

Cognitive strategies in teaching physics in Poland were first introduced in the
late 1990s. The first exhibition in the interactive form was devoted to interac-
tive physics — “Physics and Toys” in 1998 and “Contemporary Physics” in 2003
(founded at the Pomeranian University in Stupsk). Later, more comprehen-
sive, inter-disciplinary exhibitions were created at the Nicolaus Copernicus
University. The success of this teaching method exceeded our expectations.
Here, we discuss the principles and practical methods of innovative didac-
tics based on constructivist and cognitive theories; the two main paradigms
of this teaching method are based on constructing the knowledge and com-
petences of students (listeners, students) with interactive narration and us-
ing real teaching subjects that can be pulled out of one’s pocket. We call these
concepts hyper-constructivism and neo-realism.

Keywords: innovative didactics, constructivism, cognitivism, interactive
teaching
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STRESZCZENIE:

Strategie kognitywne w nauczaniu fizyki w Polsce po raz pierwszy wprowa-
dzono pod koniec lat 90 — tych XX wieku. Pierwsze interaktywne wystawy
byly poswiecone fizyce interaktywnej — ,Fizyka i zabawki” w 1998 r. oraz
,Fizyka wspolczesna” w 2003 r. (zorganizowana na Akademii Pomorskiej
w Stupsku). P6zniej na Uniwersytecie Mikotaja Kopernika powstaty bardziej
kompleksowe, interdyscyplinarne wystawy. Sukces tej metody nauczania
przekroczyt nasze oczekiwania. Omawiamy zasady i metody praktyczne dy-
daktyki innowacyjnej, oparte na teoriach konstruktywistycznych i poznaw-
czych. Dwa gléwne paradygmaty tej metody nauczania polegaja na budowa-
niu wiedzy i kompetencji uczniow (stuchaczy, studentéw) poprzez narracje
interaktywna oraz na wykorzystaniu rzeczywistych przedmiotéw nauczania,
ktére mozna wyciggna¢ z kieszeni. Podejécia te nazywamy hiperkonstrukty-
wizmem i neorealizmem.

Stowa kluczowe: dydaktyka innowacyjna, konstruktywizm, kognity-
wizm, nauczanie interaktywne.

1. Introduction

he constructivistic approach to didactics is not new. As noticed by

Piero Crispiani!, all great “teachers” from Buddha to Gandhi used
slow, step-by-step didactics, giving visual examples and constructing
the narration with their disciples. In Didattica Magna, Comenius pos-
tulated the use of pictures, flowers, drawings. For him, didactics is not
a mere science about teaching (Greek: didacto) but rather about teach-
ing in a manner which is ‘fast, long-lasting and pleasant’.

The term “constructivistic” appeared during the 1930s with Jean Pi-
aget’s observation of how newly-born children construct their image of
the world day-to-day?. The term “cognitivistic” appeared in the 1950s
through Jerome Bruner®, who with the advent of early computers com-

1 P. Crispiani, Didattica cognitivista, Roma 2004.
2 J. Piaget, The construction of the reality in the child, London 1954.
3 J. Bruner, Actual minds, possible worlds, Cambridge 1986.
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bined psychology, cybernetics and linguistics* into a unique science ex-
ploring the picture of the world in the human mind.

In the 21 century the inflation of information, its pan-accessibili-
ty and the rapidity of changes requires urgent implementations of dif-
ferent constructivistic and cognitivistic ideas. Quite a long time ago,
we® developed new implementations of constructivism, based on direct
participation of pupils and the use of real and simple experimental ob-
jects (instead of schemes and drawings).

The main theoretical principles of this didactics, which we call hy-
per-constructivistic, has been described in our previous papers®,2. In
brief, this didactics relies in constructing the knowledge with the group
of pupils/students/visitors using hands-on physical objects and the al-
ready-gained notions of the public (for example from the internet). The
mind of the pupil is not only the target of teaching, but also a mean
used for teaching. The teacher adapts the way common knowledge (as
well as abilities and social competences) is constructed to the pre-con-
tents and talents of the pupils. The real outcome of the lesson is not
a law of Newton but the image of this law in the mind of the student
and his/her command in everyday use of this law. Obviously, the teach-
er must possess high competences not only in physics, but also in di-
dactics, pedagogy, psychology, i.e. in all cognitive sciences. We say that
the ratio between what the teacher knows and what is to be transmit-
ted to the pupil is 9:1.

4 N. Chomsky, Language and mind, Cambridge 2006.

5 G. Karwasz, Czy swiat si¢ kreci w prawo? Fizyka i zabawki, “Postepy Fizyki”,
no. 60B (1999); A. Okoniewska (Kaminska), Przedmioty codziennego ugytku i za-
bawki w dydaktyce fizyki — zjawiska falowe, graduate thesis, Warsaw 1998.

6 G. Karwasz, K. Stuzewski, A. Kaminska, Constructivistic paths in teaching
physics: from interactive experiments to step-by-step textbooks, “Problems of Edu-
cation in the 21st Century”, vol. 64 (2015), pp. 6-23.

7 G. Karwasz, A. Karbowski, Hyper-konstruktywizm w nauczaniu fizyki. Toz-
samos¢ indywidualna i kompetencje spoteczne, “Acta Universitatis Nicolai Coperni-
ci Pedagogika”, no. 36 (2016), pp. 177-202.

8 G. Karwasz, Cognitive Didactics: Hyper-Constructivistic Knowledge Building.
In: Virtuality and Education — Future Prospects, ed. D. Siemieniecka, Torun 2019,
pp. 9-22.
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The difference with so-called social constructivism’ is that the pro-
cess of constructing the knowledge is strictly (but invisibly) guided by
the teacher/university professor/a guide at the interactive exhibition.
Therefore, classical principles of didactics, say, accessibility, practical
applicability, visualisation, and active participation, are not abandoned
but enhanced. No longer a direct, transmission-like teaching, a heu-
ristic adventure involving the teacher and the pupils takes place: it is
walking together step by step towards a well-defined (and usually hid-
den to the pupils) goal. This walking must also be well prepared for
possible collateral paths. Physics, for several reasons, became the first
playground for such hyper-constructivistic didactics.

2. Unwanted Physics

Physics in the “favourite” subject in school. This is not only so-called
common thinking but is confirmed by comparative studies: in Eng-
lish elementary schools!® an abrupt fall in interest can be observed be-
tween 3'¢ and 5% grades. In Europe, say The Netherlands, France, and
Germany'!, the enrolment figures in engineering and science faculties
dropped by 50% in the 1990s. Numerous methods and forms were pro-
posed to induce the interest in physics: “Science on stage” organised by
CERN, physics theatre!? open to a broad public in Milan, and science
centres in almost every mean-size city across Europe, Asia, and Aus-

9 P. L. Berger, T. Luckmann, The Social Construction of Reality. A Treatise in the
Sociology of Knowledge, Anchor Books, 1966.

10 J. Osborne, Attitudes towards science: A review of the literature and its impli-
cations, “Int. J. Sci. Education”, vol. 25, no. 9 (2003) pp. 1049-1079.

1 M. Rocard, P. Csermely, D. Jorde, D. Lenzen, Walberg-Henriksson, Hemmo,
Science education now: A renewed pedagogy for the future of Europe, European
Commission, Directorate-General for Research Information and Communication
Unit, Brussels 2007.

12 Carpineti M., Cavallini G., Giliberti M., Ludwig N., Mazza C., Perini L. Let’s
throw light on matter: A physics show for primary school, “Il Nuovo Cimento”,
no. 121 B (2006), p. 901.
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tralia'®. These actions and/or centres bring a broader, general interest
in science, but are not aimed at schools exclusively. For schools, a dif-
ferent approach is needed: a sequential narration, like in a book. Thus,
numerous types of new textbooks are being experimented with.

These approaches range from Manga comics'* that refer to sports
activities, physical “circuses”, i.e. exhaustive descriptions'®> of physical
phenomena around us (but with few images) or university textbooks
which are rich-illustrated and recalling everyday physical phenomena
like Conceptual Physics by Paul Hewitt', which is now in its 15% edi-
tion. We compare (and discuss) these books in fig. 1.

However, this is not the number of illustrations or objects described
but the very narrative approach!’, developed just at the dawn of cogni-
tivism, which induces a long-life interest in science. The reader must be
involved into constructing the knowledge.

3. Narrative physics: from practice to theory

In the previous paper'® we described the main principles of innova-
tive didactics, which were first experimented in educational practice
and only later developed into a theoretical system. In our activities we
started from interactive exhibitions in physics’ before later develop-
ing other implementations, with various forms, target groups, contents
and subjects.

Two principles lay at the basis of this innovative didactics: the first
is constructing the knowledge together with the addressee (we call this
hyper-constructivism), and the second is using real, touch-on objects

13 G. Karwasz, J. Kruk, Idee i realizacje dydaktyki interaktywnej. Muzea i cen-
tra nauki, Torun 2011.

4 H. Nitta, K. Takatsu, The manga guide. Physics, San Francisco 2009.

15 J. Walker, The flying circus of physics, Wiley India Pvt., 2011.

16 p, Hewitt, Conceptual physics, New York 1997.

7 E.M. Rogers, Physics for inquiring minds, Oxford 1962.

18 G. Karwasz, Cognitive didactics, op. cit.

19 A. Kaminska, G. Karwasz, Rola wystaw interaktywnych w nauczaniu fizyki,
,Fizyka w Szkole” (2008)
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(experiments in the case of physics, documents, books, and testimonies
in the case of history). This second principle — of the return from the
virtual world to real objects — is called neo-realism.

Here we describe some of applications of our constructivistic di-
dactics in both national and international environments. We discuss
various target groups (secondary school pupils, university students,
teachers) and various forms: i) interactive exhibitions of simple objects
“Physics and Toys”?%) mixed poster, object and internet?! exhibitions on
modern physics, iii) interactive lessons for kids universities and second-
ary school students, and iv) narrative textbooks and books for children.

These different forms enhance various aspects of hyper-constructiv-
istic didactics. Interactive exhibitions, for instance, primarily serve to
draw attention and trigger the positive attitude but are not particular-
ly systematic in terms of didactical narration. Interactive lessons allow
us to keep the attention of the child/pupil/student from one cognitive
step to the next but require an experienced teacher. Printed (and on-
line) textbooks assure a broad diffusion and allow an individual veloci-
ty of the apprehension, according to the personal abilities of the reader.

4. Neo-realism: Physics and Toys

The concept of using simple, everyday objects to trigger interest
in physics was established by Vittorio Zanetti at Trento University,
more than 20 years ago??. He was first to realise that even in well-
equipped Italian schools the practical understanding of physical phe-
nomena was poor. For example, in elementary school we learn that
by mixing so-called basic paints, other colours can be obtained. This
knowledge remains at this elementary level even among adults: mix-
ing red with yellow produces orange and mixing blue with yellow

20 G. Karwasz, A. Okoniewska (Kaminska), Physics and Toys, CD-Rom, Solion,
Sopot 2004, see also: http://dydaktyka.fizyka.umk.pl/zabawkil

21 G. Karwasz et al., On the track of modern physics, CD-Rom, Solion, Sopot
2005, see also: http://dydaktyka.fizyka.umk.pl/Physics_is fun/

22 V. Zanetti, I giocattoli e la scienza, “La fisica nella scuola”, Vol. 4 (Oct-Dec
1993).
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produces green. However colours on a TV screen are formed from
green, red and blue, exclusively, and at the bottom of the carton box
with milk (or juice) other colours — magenta, yellow and cyan — are
printed. Basic colours in emission and in absorption are different.
Vittorio Zanetti explained this at his interactive exhibitions by giv-
ing visitors colour filters and asking them to perform the synthesis of
colours in an interactive way.

One of the authors (GK) worked as a guide at Zanetti’s exhibition for
the city of Trento starting from 1996. Subsequently, in 1998 some six-
ty objects were borrowed by Pomeranian University and showed dur-
ing the II Science Festival in Warsaw (at the historical Potocki Palace)
and in the Municipal House in Stupsk. Over four weeks, the exhibition
brought in 14,000 visitors; according to the staff in Warsaw, people
were queuing outside the building to see the event. We obtained our
first constructivistic goal: to trigger the cognitive interest and positive
emotions. The participation of an editor from Warsaw allowed us to
publish the first, one-sentence descriptions of the objects (see fig. 2).
They were very short but served as a starting point to construct the
next exhibitions.

The role of simple objects in didactics of physics (and not only) is
two-fold. On the one hand they trigger interest in physical phenomena:
Why do two balls bounce to the left when I let two from the right fall?
(fig. 3a). Do really heavy and light objects fall/roll down/slide down
with the same “velocity”? (fig. 3b). Why does the needle of the voltme-
ter move when we touch two different metals? (fig. 3c).

On the other hand, objects serve to explain particularly difficult con-
cepts. In the lesson about the laws of free fall we first show (or rather
ask the audience to listen, without seeing) that a heavy, rubber ball and
a light, ping-pong ball fall at the same time and then we perform the
experiment with two carts on a inclined plane (fig. 3b); later, we drop
two identical sheets of paper, but one squeezed into the form of a ball,
and finally the same two rubber and ping-pong balls are dropped from
the height of a ladder. In other words, this is not a single object but
a whole line of didactical elements, threaded into a narrative string.
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David Heywood and Joan Parker?® express this idea in more com-
plex wording:

‘If in teaching science we are attempting to engage learners in activating
and employing ideas that are incommensurate with existing frameworks,
the we must necessarily, as part of instruction, provide appropriate scaf-
foldings to enable existing knowledge to be rationalised within the desired
framework. This is particularly important pedagogical knowledge for pri-
mary teachers as they have the job of engaging young learners similarly
in practice.’

Following these first successes, we received an invitation to present
“Physics and Toys” at the National Congress of Physics in Biatystok in
1999. For this event, some of the objects were bought directly by local
organisers and pupils from secondary school in Biatystok worked as
guides for the visitors. We therefore obtained the second goal of start-
ing the dissemination of the idea. In 2000 a real avalanche of interac-
tive exhibitions in physics started in Poland.

One of the elements of such a fast divulgation was the “open-source”
policy: we published the descriptions of all the “toys” on the internet.
The number of exhibitions with physical “toys”, smaller and larger, or-
ganised by associations, universities, or schools exploded after the first
editions. As a result, we managed to identify the social need to make
the physics more “appetitive”. The simple toys became available on the
Polish retail markets and therefore the most significant objects, like
the “drinking bird”, “walking ducks”, “Celtic stone” and the slinky?4,
became experiments used in many universities (Wroctaw, Poznan, Szc-
zecin, Lodz?°, nominating those known to us).

23 D. Heywood, J. Parker, The pedagogy of physical science, Spinger, Dordrecht
2010, p. 32.

24 See: Physics and toys, http://dydaktyka.fizyka.umk.pl/zabawkil/index-en.
html

25 S. Bednarek, Zabawki fizyczne — nowa generacja srodkéw dydaktycznych do
nauczania fizyki” (Physical toys — a new generation of didactical objects for teach-
ing physics) — lecture at XLI Congress of Polish Physical Society, Lublin 08.09.2011.
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With portable exhibitions of physical “toys”, physics became the first
discipline that opened to a wide public. Soon, not only in Warsaw but
practically in all university centres, science festivals started to be or-
ganised. This could be considered as a success but under a desired
condition that over time the main charge of the permanent science di-
vulgation would move to the professional centres and the university
professors would act only as consultants/supervisors/lecturers. To our
knowledge?® of several centres in Poland, this is not the case: science
centres suffer from a lack of backing from academic structures (and
universities do not prepare specialists in science divulgation). As we
wrote some time ago, the development has deviated towards phenom-
enology (‘T have a nice object’) as opposed to constructivistic teaching
(‘T want to show a physical law/ idea’)?".

The overwhelming success of phenomenology over the constructiv-
istic narration was the main reason that we developed successive, pilot
forms of cognitive didactics: 1) didactical tunnels (“Going downhill”),
2) thematic exhibitions (“Fiat Lux!, or playing with light”?®), and 3)
a series of interactive lectures in different subjects. We describe these
implementations further on.

Albert Einstein said: ‘Explain everything as simple as it is possible,
but not simpler’. In answer, we would say: Dear Albert, you are the ge-
nius of the relativity theory, but the didactics is our field. We explain
everything as simply as possible, and if necessary explain it in even
simpler terms. This idea lay behind our next, well-aimed action, i.e. il-
lustrating modern physics. This was done for the first time at the LVII
National Congress of Polish Physicists in Gdansk in 2003.

26 G. Karwasz, J. Kruk, op. cit.

27 K. Stuzewski, G. Karwasz, Fizyka i zabawki — wyjs¢ poza fenomenologie.
O zyroskopach, systemie stonecznym i momencie pedu, “Physics in School”, no. 3
(2014), pp. 25-32.

28 See: G. Karwasz, “Fiat Lux!” — czyli zabawy ze swiattem, “Postepy Fizyki”,
no. 4 (2010), pp. 154-158.
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5. On the track of modern physics

In 2003, when we got pretty “tired” with simple interactive objects, i.e.
toys, we decided to aim for a higher-level audience than children, i.e.
students of physical faculties. The rationale for our interest in modern
physics came from several separate observations: i) university students
follow numerous lectures, but they lack any inter-disciplinary knowl-
edge (and applications) of physics; ii) even professional researchers
usually know only their own sector and lack broader expertise in other
fields of physics; iii) access to the first-rank journals, like Science and
Nature is, in Poland, quite limited (due to their high prices); and iv) the
history of scientific discoveries is slowly disappearing — in the London
Science Museum historical objects like the first vacuum diode or the
first mass spectrometer of Aston has been removed to the highest level,
less accessible?’.

All of these factors triggered a new type of interactive exhibition
compared to “Physics and Toys” — not many objects with little text but
extracts from scientific papers, drawings, pictures, and historical de-
scriptions with few experimental examples®°. The descriptions consist-
ed of one-page stories explaining the history, importance, applications
and open scientific problems. These etiudes are funny, at least at the
surface level: the story about the scientific rush to discover new chemi-
cal elements via atomic collisions in great (and expensive) accelerators
is entitled “Who gets to the island first?” (as the super-heavy elements
were expected to form an “island of stability”). When introducing mass
spectrometry we describe the analysis of the tiny remains of food left
in Greek situlas 2700 year ago, probably the remains of King Midas’ fu-
neral feast.

29 G. Karwasz, J. Kruk, op. cit.

30 G. Karwasz et al., On the track of modern physics, Toronto 2003, availa-
ble at: http://dydaktyka.fizyka.umk.pl/Wystawy archiwum/z_omegi/index-pl.
htm] (access 15/11/2019)
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CONSTRUCTIVISTIC DIDACTICS IN PHYSICS: IMPLEMENTATIONS

The idea of un-bronzed presentation of modern physics became so
attractive that in 2005 we were awarded the EU Science & Society Pro-
gramme, which we named “Physics is Fun”. The collection of didactical
posters, web descriptions, updated stories and real objects shown dur-
ing exhibitions in Lubljana, Warsaw, Paris, Trento and Berlin were col-
lectively titled “On the Track of Modern Physics”. As an outcome of the
project all the didactical material was uploaded to the web: our pages
http://dydaktyka.fizyka.umk.pl gain some 200,000 hits each year. In
principle, the page is still vivid as we planned to publish new descrip-
tions every two weeks.

Although the “Physics is Fun” project is dated from 2005-2006, the
idea of treating physical discoveries with some irony recently gained
a broader public. A gastronomy web-page Gastro Obscura® (that “cov-
ers the world’s most wondrous food and drink”) and the internet edi-
tion of Time®? recently described Midas’ funeral dinner as one of the top
ten feasts of all time: physics is widely cited there and the topic, identi-
fied by us, is of a wide, inter-disciplinary interest.

The main principle of our hyper-constructivistic didactics imple-
mented in “Physics is fun” is interlinking with other sectors, includ-
ing archaeology, geography, mythology, food sciences and cooking. We
have further developed such stories in papers in “Chemistry in School”,
“Geography in School”3, “Polonistyka”, etc. We refer the reader to
those texts.

31 A. Ewbank, Recreating King Midas’s 2,700-year-old feast, “Gastro Obscura”,
11.12.2017, https://www.atlasobscura.com/articles/king-midas-feast-recreation-
tomb (access 15/12/2019)

52 1. Tharoor, King Midas’s funeral banquet, “Top 10 Feasts”, “Time
25.11.2010, http://content.time.com/time/specials/packages/article/0,28804,203
3096 2033097 2033186,00.html (access 15/12/2019)

33 See: G. Karwasz, Miedzy Scyllg a Charybdq, “Geografia w szkole”, 2013;
G. Karwasz, Rubiny, ztote szkto i brazylijskie motyle, czyli o kolorach w fizyce,
chemii i biologii, “Chemia w szkole”, no. 3 (2012), p. 5.

”
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6. “Going downhill”

The thematic exhibition with a fairly long title “Going downhill, or eve-
rything on the inclined plane of Galileo, in other words, how the poten-
tial energy changes into the kinetic one and how one can have much
fun with this” was born as an answer to a long-standing didactical
problem. The inclined plane of Galileo was of an essential importance
for the birth of physics. Indeed, it was said that ‘Physics descended from
heavens to earth on the inclined plane of Galileo*. Its valence lies in
the fact that this is the simplest (and most adjustable) verification of the
laws of accelerated motion (comprising the free fall): a starting point
for Newton’s laws.

However, in the dull, school teaching environment, the decomposi-
tion of the gravitational force along the inclined plane became a “men-
tal torture” for pupils (“one force is sine and another cosine, but who
remembers which?”). The pleasure of studying physics disappears in
the very first lessons. How can one use the interactive objects collect-
ed for “fun” in a real, didactical and systematic, school-like narration?

We decided to introduce complementary and different aspects of
the inclined plane - rolling, strolling, sliding, jumping downhill step by
step, etc., using amusing objects but ordered into a precise didactical
path. Descriptions became even more laconic than in the first edition
of “toys”: “Going downhill - by steps”, “Going downhill - sliding ”, etc.
The lack of instructions did not prevent the public from engaging en-
thusiastically as the objects were self-explaining (see fig. 5).

The objects were ordered “by steps” not only to introduce different
aspects of kinematics but also with rising difficulty. A clear but hidden
didactical objective was to teach the laws of the uniform and acceler-
ated motion and the three principles of conservation — energy, momen-
tum, angular momentum. Altogether, we collected some forty objects.

In the last experiment, two guides demonstrate the relativity of
the motion, i.e. the crucial passage from Galileo’s to Einstein physics.
We go beyond simple playing and pose important scientific questions

34 E.M. Rogers, op. cit.
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to stimulate a post-exhibition reflection among the visitors. This ac-
tivity completes the goals or our didactics; as said by Polish author
Z. Pietrasinski, ‘Thinking is a condition for learning but also it’s the
most important outcome’.

In 2007’s “Going downhill”, the main stress was on didactics even
if it was hidden behind play. In our earlier exhibition, organised in the
summer of 2004, in Sopot, under a title borrowed from a song “During
rain children are bored”, the main stress was simply on children play-
ing with parents. The need for fun (“ludic” activities) in education has
been noticed not only by us; Comenius, for example, postulated that
‘school became as pleasant and interesting for pupils as a funny fair’.
Recently, even in traditional museums the need for ludic activities has
been recognised. Sarah Campbell, curator of exhibitions from Univer-
sity of the Arts, London, has written® on these activities (and on real
objects to be handed to students):

‘Handling museum objects can give students a tangible level of excitement
and allow them to glean information from objects first-hand. The trust we
place in them also makes this teaching experience special and different
to many of the other interactions they will have. Through ludic practice,
games and play will feed into and support this engagement with objects as
well as offering new types of interaction.’

However, as previously stressed®, the ludic function of the exhibi-
tion/lecture/object is just one of the three complementary functions:
didactical < ludic < scientific. Only when all three functions used to-
gether can we fulfil the cognitive expectations of a broad public — from
children through teachers to university staff.

Therefore, in the first exhibition in Torun, apart from the enthusi-
asm of the young public (see again figs. 5), we were able to trigger the
interest of the university staff at the UMK Faculty of Physics, which

35 Z. Pietrasinski, Sztuka uczenia sie, Warszawa 1975.

36 S, Campbell, Ludic practice: the case for students play in university muse-
ums. Spark: UAL Creative, “Teaching and Learning Journal”, vol. 4, no. 1 (2019),
pp. 59-70.

37 G. Karwasz, J. Kruk, op. cit.



CONSTRUCTIVISTIC DIDACTICS IN PHYSICS: IMPLEMENTATIONS

later led to the construction of the science centre. Moreover, Galileo’s
concept of the free fall was further used in an almost infinite series
of interactive lectures on the laws of mechanics for children, pupils,
students, and teachers, both in Poland and abroad. Almost identical
contents and the same hyper-constructivistic steps assumed a different
narrative form.

7. Hyper-constructivistic lectures

By developing successively different forms of interactive didactics, we
managed, to some extent in an evolutionary way, to implement several
principles of our new, cognitive didactics:

1) “Physics and Toys” provided a resurgence of real objects in the
times of rapidly growing virtuality and invited the visitors to take
part in unlimited experimental activity;

2) “Going downhill” introduced a step-by-step walking in the cogni-
tive “tunnel”;

3) “Modern Physics” used elements of the history of physics, its cur-
rent implementations and inter-disciplinary aspects.

Nonetheless, we still lacked the immediate and direct feedback from
the kids/pupils/students/adults in order to control the correct build-
ing of the knowledge in the desired direction. This goal was achieved
through the significant number® (some 300) of interactive lectures
produced for all audiences.

The principle of the lessons, in all subjects of physics and astrono-
my, is that almost the same contents can be transmitted (or better: con-
structed with the audience) regardless of their age: what differs from
audience to audience is the type of narration and the vocabulary used.
The most difficult task in this type of didactics is to keep the attention
of the entire audience during the whole lesson (45-60 minutes) (see fig.
6a) and to manage technically with quite complex experiments while
keeping the narration (see fig. 6b).

38 For a list (non-complete) of lectures by GK, see http://dydaktyka.fizyka.
umk.pl/nowa_strona/?q=node/572
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Fig. 6. “Why do objects fall?” — an interactive lecture (GK) for secondary-school
teachers at the University of Macerata, Italy, 2014; (b) explaining and performing ex-
periments is a difficult task — a lesson (AK) on energy, environment and hydrogen

technologies at IX Liceum in Gdynia (2019). Photo: Maria Karwasz, Tadeusz Bury.

The main achievement is that spontaneous activity of the public is
triggered and sometimes almost impossible to restrain. In this way,
however, we can also implement the principles postulated elsewhere3’:
the individual visibility (and responsibility) of the pupil, a sane compe-
tition, and self-corrections — a feature which has been lost in the recent-
ly developed educational system in Poland. In addition, surprisingly,
the less experienced the audience, the more interesting the collective
construction of the knowledge becomes. Unfortunately, hyper-con-
structivistic lectures require a teacher who is experiecend not only in
the scientific subject but in everything that Lee Shulman in 1987 called
“Pedagogical Content Knowledge™?: looking into the eyes of the pupils
and trying to understand what they have understood.

39 G.P. Karwasz, A. Karbowski, Hyper-konstruktywizm w nauczaniu fizyki.
Tozsamos¢ indywidualna i kompetencje spoteczne., “Acta Universitatis Nicolai Co-
pernici Pedagogika”, no. 36 (2016), pp. 177-202.

40 L.S. Shulman, Knowledge and teaching: Foundations of the new reform, Har-
vard Educational Review, vol. 57, no. 1. (Feb 1987), pp. 1-21.
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8. Hyper-constructivistic textbooks

The interactive exhibitions, as already said, have been developed with
a better or worse success in many places in Poland; the cognitive les-
sons have also found many followers with kids universities flourishing
in almost every mid-size town in Poland*. However, in order to doc-
ument our constructivistic approach we also need to highlight a new
type of textbook which is markedly different to that shown in fig. 1. At
the school level we call them “tex-boooks” (in Polish “po-reczniki” in-
stead of “podreczniki”, which need to be approved by the Ministry).

In the books we adopt the same principles as in our other forms of
teaching: the reader must be sure that the knowledge he or she is go-
ing to acquire is (already “is”, not “will be”) useful. Further, the reader
must be convinced that the book only guides his/her own reasoning. In
the book introducing physics*? (previously the 1%t class of junior high
school, now the 7™ class of primary school), instead of listing the math-
ematical prefixes (kilo, mega, etc.) we show objects that use these de-
nominations: small electrical capacitors (pico, nano, farad), small wa-
ter turbines (megawatt), and nuclear electric plants (gigawatts). Using
the principle of realism there are no drawings but photos, with places
and dates (see fig. 7a).

In Astronomy for Children, the editor (she, Polish, graduated in hu-
manistic sciences) expected that the book would start with a list of as-
tronomical objects and with the explanation that the sun is not walking
on the firmament but rather the Earth is orbiting the sun as discovered
by Copernicus (who was Polish). Just the beginning and the end of the
book: no place for a heuristic, step-by-step discovery of the limits of the
universe and admiration for the vivacity of the life of stars (as stated by
Aristotle in his De coeli). Therefore, our Astronomy for Children*® starts

41 A. Wieliczek, E. Lewicka-Kalka, P. Ziétkowski, Uniwersytet (dla) dzieci.
Wokdt teorii i praktyki, “Zagadnienia Naukoznawstwa”, no. 3/213 (2017), pp. 343—
-361.

42 G. Karwasz, M. Sadowska, K. Rochowicz, Toruriski porecznik do fizyki.
I Mechanika, Torun 2010.

4 G. Karwasz, Astronomia dla dgzieci, Poznan 2016.
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CONSTRUCTIVISTIC DIDACTICS IN PHYSICS: IMPLEMENTATIONS

with ‘When you are on holiday [no stars are visible with city lights]
on a lake [not in a forest], lay down comfortably on a blanket [not to
get cold] and look at the sky. Note the stars, and check an hour later
— where there are now? Yes! the whole firmament rotates above your
head™4.

It is not only physics that requires a hyper-constructivistic approach.
Simple, but politically difficult issues like climate change cannot be ar-
gued if the interlocutor does not make a full, iterative and sometimes
contradictory reasoning; he/she needs to remain astonished by the re-
sult at which she/he has arrived. In-between “Science and Faith”,* we
ask: ‘A Big Bang or the Creation? Try to make you own reasoning: com-
pare the Bible and modern physics. Make your own drawing’. Regard-
less of the audience this drawing is always similar to that presented in
fig. 7c. Why? It is the point at which constructivistic narration starts...

9. Conclusions

The constructivistic didactics of physics in Poland in 1998 were import-
ed from Italy, rapidly developed into a myriad of implementations: itin-
erating and stationary interactive exhibitions, science centres, virtual
exhibitions, interactive lectures, and constructivistic textbooks.

As a quantitative measure of this success, we recall the “Hevelianus”
Science Centre in Gdansk, which opened in 2009, and the 1,000,000
visitors at the “Kopernik” Science Centre in Warsaw during its first year
of activity (2011). The reasons are three-fold: the first was the lack of
interactive didactical forms and methods in Poland before 1998 — in
the USA, Germany, and France science centres and museums were es-
tablished starting from the late 1960s%. The second reason is the edu-

44 This is a very important statement, as already noted by Copernicus, any-
one who says that Earth would disintegrate because of its rotation should explain
why the whole, immensely great (and of unknown dimensions) ceiling does not
go into pieces. Didactically, even in Torun nobody remembers what is written on
Copernicus’s monument: “Terrae motor, Solis Caelioque stator.”

4 G. Karwasz, Scienza e Fede. Un breve manuale, Roma 2019.

46 See G. Karwasz, J. Kruk, op. cit.
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cational demand: Polish teachers, in the OECD Report issued in 2009,
declared the will to use constructivistic methods to a much greater ex-
tent than, say, Italian teachers?. However, as diagnosed at the same
time, the absence of constructivistic practices in school was the reason
for the relatively low performance of Polish students in reading and un-
derstanding OECD PISA tests*®.

Nonetheless, the success of our hyper-constructivistic lectures, ex-
hibitions and internet pages is not limited to Poland. As described with
more details on our web pages, we have also practiced our innovative
forms of didactics in France, Italy, Germany and Korea®.

The variety of forms and the continuous demand for lectures and
exhibitions makes detailed studies of the educational outcome difficult:
this should be done not by the authors but the external observers. Re-
gardless, the facts, i.e. the enormous success of interactive exhibitions
in physics in Poland, speak for themselves; we are rather missing some
exhibitions on arts, humanities, philosophy, history, etc.

Concluding, rapidly changing information technologies and educa-
tional difficulties in schools (not only in Poland) still require innovative
approaches and a wide divulgation of successive methodologies. The
subject of innovative didactics needs further studies.

47 Creating effective teaching and learning environments: First results from TA-
LIS, OECD, 2009, p. 95. Polish teachers declare rather constructivistic beliefs over
direct transmission beliefs, and are in the middle of the classification between
Iceland and Austria (the highest ipsative means towards constructivism), with
Malaysia and Italy at the other end.

48 M. Wisniewska-Kin, Szkola zapytujgca miejscem rogwijania dziecigcych
sposobéw rozumienia. In: Dokqd zmierza polska szkota? ed. D. Klus-Staniska, War-
szawa 2008.

49 Professor G. Karwasz teaches in Korea, http://dydaktyka.fizyka.umk.pl/
nowa_strona/?q=node/586
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