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PREFACE

The Proceedings present selected contributions from the international conf&HRE® Seminar 2016,
organized by GIREP vzw organization and the Faculty of Physics, Astronomy and Applied Computer Science
at the Jagiell oni an ItWasuvgesat privilege (o hdsttGERREP meembeR and aiends.

in the year of the 8DAnniversary of GIREP organization. The first day of this event offered an opportunity

to recall special memories and to thank everyone that has contributed to the growth ofdGtiRERhe last
half-century.

The general seminar topResearchbased proposals for improving physics teaching and learninigfocus

on laboratory work emphasized the importance of laboratory activities in physics education. The overall aim
of this seminar was to highlight the various aspects of laboratory work involved in establishing an environment
where physics teaching and learning can take placeinapdrticular the development of physics literacy.
Several topics have been discussed in order to line out a wider view of laboratory work at all levels of physics
and science education, from primary school to physics courses at the university.

The format of this seminar was proposed in the style of thetiold GIREP meetingé with keynotes, oral
presentations and poster presentations focused on six themes, followatkpthidiscussions in small groups

of researchers and practitioners in sessioddieleaders of six Working Groups (WG). The contributions
from six keynote speakers, widely respected in the community of physics education, as well as
acomprehensive variety of oral and poster contributions, offered an unforgettable occasion fdula fruit
exchange of thoughts and ideas.

The impact of physics education research on the educational design and practice of physics laboratory was the
focus of WG1:Experimental Lab in Introductory Physics Courdegesentations showed studies of students'
learning in the laboratory and difficulties they come across, as well as, teaching proposals for specific topics
at secondary schools, colleges and the first years of university. In WG2 two topics were encompassed.
Advanced Experimental Laboratorjearely aldressed by instructors and researchers, who are focused more

on introductory physics labs, was chosen to fill this gap and open a broader discussion on the role, goals and
examples of the advanced laboratories in physics student education during thelohacd master studies.
Modern Physics$opics being of the most interest of learners at all ages, appear to be rarely addressed in high
school and during the first years of physics studies due to time limitations and the lack of teachers'
competences. Qaributors taking part in discussion tried to answer the question how to translate complex
theories and highkadvanced experiments into language understandable and appreciated by less advanced
students.

Since a modern laboratory can barely be operatidut ICT, thus the design, evaluation and characterization

of resources and environments for physics teaching and learning with use of ICT was addressed in WG3: Lab
Work and Multimedia. Participants focused in particular on online learning environrsgntsation and
modeling tools, virtual laboratories and open sources:r8glflation, reflection and collaboration in digital
learning environments in context of lab woslere discussed. WG£onceptual Lab and Mathematization
addressed theories, modelsi\daempirical results on conceptual understanding, conceptual change and
development of competences in context of laboratory work, as well as methodology for investigating students'
processes of concept formation and concept use on the basis of expeaneragategies to promote
conceptual development throughout laboratory activities. A broad meaning of thensghmmaticghat

includes all kinds of structuring and ordering physical processes: using abstract methods like idealization and
modeling, as wélas using a broad range of mathematical elements such as diagrams, graphs and formalized
sketches (e. g. arrows) and equations was discussed in the context of physics laboratories.

A specific role and character of laboratory activities encourage the tsatheearch for nestandard
assessment strategies. In lab more than in other physics learning environments the formative assessment for
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development of research skills and conceptual understanding plays a dominant role. A detailed discussion on
that topicwas the core of WGHAssessment for learning through experimentation

In order to attract more students, attention for science should be brought naturally, with use of everyday
materials and in everyday context. Understanding of physics and appreadftisnbeauty starts when
observing usual but at the same tilmamazing phenomena around. Traditional laboratory environment is
extended nowadays beyond the lab space. Experiments are shown and tried out during numerous shows,
festivals and other expenees outside the classroom, including those organized by institutions other than
schools. Simple experimerghould serve as the ignition of ideas, concepts and the notion for development of
intuition in physics, not only at early ages, but across erdineagion. There aspects of learning, additional to
traditional education, were the point of discussion in WIG6v Cost Experiments and Inquiry

The seminar was attended by 115 participants representing 28 countries. The scientific seminar program
offered altogether 6 invited talks, 63 oral and 42 poster presentations. After the seminar 54 papers were
received on all seminar topics. The articles went through a rigorous process of in axtiodblépeetreview,

involving members of the Editorial Board atvéelve additional referees in order to guarantee the quality of

the content of this contribution. As the result two publications are issued, thEdugng on Lab to improve
Physics Teaching and Learning. Research Based Proppsddiéshed by Springeand GIREP Seminar 2016
Proceedings book, presented here.

The organization of the seminar would not have been possible without help-aperation of many people.

First of all, we would like to thank Prof. Marisa Michelini, GIREP President, for hetamarizelp and support.

We sincerely thank the members of the Advisory Bo
for their dedication and commitment to this event. We are also deeply thankful to all reviewers, Working
Group Leaders and the Heaflall Leaders, Dr. lan Lawrence. We would like to express our gratitude to six
invited speakers for their valuable presentations that served as the foundation for the group discussions
throughout the entire seminar. We are also deeply indebted to BubBIBck who joined the anniversary day

of GIREP with his special talk dime and to Dr. Seta Oblak and Dr. Zofia GeMbyer for their contribution

to the seminar on the history of GIREP and its impact on physics education research and development.

Wewould also like to thank all the participants of the GIREP Seminar 2016, for submitting proposals, advance
preparations for discussions and sharing their ideas with tRERSIcommunity. We hope that these
Proceedings will give theeaderan opportunity fo deeper comprehension of the Laboratory Work aspects to
improve physics teaching and learning.

Krak-w, Pol and Dagmara Sokogo:
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TEACHING PHYSICS IN XXI CENTURY. WHY AND HOW

Gukasz Turski
Center for Theoretical Physics of tRelish Academy of Scierg;&Varsaw/Poland

Fifty years ago, when GIREP was founded, our civilization was very different from that we are now living in
and which we are trying to comprehend in order to provide at least some guidance to the future generations.
The guidance which in the pasé would have called education.

Fifty years ago our civilization was that of vinyl records, Walkman and &B®as yet to come, electronic
watches and wireless phones were only in the Dick Tracy cartowitbhe James Bond movies. Computers

were behemoth hidden behind doors of military, industrial and selected research institutions. CERN an
Arecibo were in their infancy and so were preparations to the moon landing. Satellites were launched but they
have served mostly military purposes with very limitedugh often important scientific output.

Fifty years ago the world was heavily breathing under the weight of the Cold War, regainirgpkeme

after the President Kennedy assassination and the Chairman Khrushtschev forced resignation. France was
struggling with relocation of almost 900 thousandsiofi gr ant s6 from Al geria and
OAS. The new seeds of terror cancer were growing in Germany and ltaly. The sounds of guns from Vietnam
were not yet bothering us too much.

In spiteof allthatit he West 06 was rich and happy but soon thi s
streets of Paris with student revolt which had derailed education system of those times. The system which was
essentially the continuation dthe businesas usual 0 i n h-war EuropedMaforconsequerite pr
of that Paris spring was that the era of experiments in education basecregonceived ideological
fiprinciple® has begn. The best description of those attempts to invent new educatiomidi@aged by

comedian and mathematician Tom Lehnehis songiN e w Mt fitHe dnportant thing is to know what are

you doing rather tPoldicaly maivatgdesystem of gebts was showlyirutr persistently
taking over, first schools later, universities. That was, basically the educational systems which XXI century
generations have inherited.

The beginning of XXI century was marked by the first sign that our society is not prepared to face reality of
the technological changes, whithroughout the last years of the previous century were already slowly and
quietly reshaping the future of the mankind. The bogus Y2K catastrophe, predicted for #29Q0D00ght,

was quickly forgotten and the lesson from it has never been learnedwhieg progressing like the bushfire,

the process of moving all our essential activibedine resulted in the situation that serious collapse of the
information network in any country, but especially in the most developed ones, would be an effective
Armageddon.

On various occasions | have been showing the picture, taken by my nephew, duNewtierk hurricane
Sandy blackout in 2012, of people on the street lining up to the stand providing the charge to their mobile
devices. Access to the Net wagially important as food or water.

Todayos f ami | yhijgh age Kidk, is typiaally psingy foun smartphones. A rather conservative
estimate of yearly electric energy share of the smartphone, in support of the network aradondriystem

i we can neglect minor energy uls chargingi is roughly the same as that of a modern refrigerdtoat

family is surely completely unaware of that although it will be unable to exist, socially and professionally,
without access to the Net. Imagine whall Wwappen when, eventuallgpmeone will ask them to pay the bill?

1 Tom Lehrer. New Mathhttps://www.youtube.com/watch?v=UIKGV2cTggA
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In spite of taking hours of physics in high schools and possibly in college they were never properlytthought
understand the energy flow in thentemporary society.

In that completely ifferent civilization our educational system is trying to provide the guidance to our youth
using essentially the same language and ideas as fifty years ago. We are as physicists on the turn of XIX and
XX century trying to explain various, discovered atttimephenomena with classical physics. They failed

since what was needed was a different scienca difterent languagé&ventually that new scien¢ejuantum
mechanics and relativity theory were established changing world forever. That is prebiselyasneed now

in education.

Since the civilization, we lived in, was changed by the proliferation of the discoveries of physics, we are
obliged to start the invention of new education, education of the XXI century, from changing the way we teach
physics. Physicds understood here in a broad sense as what used to be called natural sciences, mathematics
and applications in some basic social sciences like economy. That is the definition of physics given in the
seminal lecture of great mathematician VlaidiArnold back inthe XX century.

Physics is today the only science which amalganmgesitative and quantitative description of phenomena
ranging from the properties of vacuum to those of the whole universe. It does it using remarkable simple set
of fundamental rules and employing particular way of solving problems. That is by reduction of a problem to
few essential elements which either were already solved or, when not, were then experimentally investigated
to provide grounds for building theoreticabdel. That way of understandiphenomena is what is needed in
copying effectively with the current civilization transformation. Other attempts result in not rationhhbtit

activities generating momntropy than it is required by the Second Law.

We should base our future educational system, or systems, on problem solving. The problems are all around
us. Thomas Jefferson formulated the basic ideas of science and civilization progress, which Gerald Holton
called Jeffersonian Research Progtatrassimes that problems to be solved are picked by active individuals
depending orhis/her interest from the pool of issues provided by natural and social, cultural and political
environment.That programapplied to education, reverberates XVIII centdphannPestalotzzfiteaching

child not a subjecétprogram. We should allow a pupd pick up problems according to his or telents and

interest and then use that knowledge wisely to steer that person throughout the long process of education. That
requires imdlividualization of educationnot possible in the past but achievable now due to phenomenal
development of technology. We no longer need to provide the same chunk of knowledge to everybody, for
whatever knowledge of facts, data, methods, is necessagyiilable in that sea of information provided by

the global network. What we have to provide in education is how that knowledge should be effectively filtered
out from the petdytes of information and noise of the Network. Becaffetive filtering ofinformation is

exactly what we dm physics and since most of the problems of today are phydaiedthat is why we need

to teach physics in XXI century. The question is now how.

Since physics is to serve as a tool of education rather than jusf amny subjects included in the school
curricula the way we teach it should charigeave already mentioned conservation of energy. Probably every
program of high school physics contains exposition to the conservation of energy and basis of thermsdynamic
In spite of that, the concefitenewable energys used permanently in the important debate about the mankind
energy and/or climate future. The fact that in Europe solar energy per square meter per day only irhplies 0.5
of 95 octane gasoline and thiis tiny amount igurther partiallylost by whatever devices we invent to use it,
because t her mody n a isinat genelally welersitoode notsonly bii moliticiaed. 0

2V. Arnold. On Teaching Mathematics. cf for exambpttp://pauli.unimuenster.de/~munsteg/arnold.html
3 Gerald Holton Science and AnBcience Harvard University Press, Boston 1993 see hdtpa/issues.org/16
1/holton/
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A brief check of the Tesla cars add pagevide information, given byhe producer, on how much electricity

we need to produce and to deliver to the electric outlet in the Tesla owner garage in order to provide the juice
for a one kilometer ride. Multiplying that by the number of cars registered in a country and then ggdvera
mileage covered we can easily estimate that switching to Teslas would require increase of electricity
production of a country by huge percentage (in Poddomait 15 to 30%). That would be a disaster to a country
electric grid, unless it will be considgbly improved.

We <cannot prepare the future generations for the
particularly physics, differently than todayhe founding father of the electric revolution of previous century,

Carl ProteusSteinmetz, was aware of that when he was preparing courses for his studémitsn College.

His ideas echo in words of Thomas Friedman and Michael Mandetbaum

Learning to repair the engine of an electric car, or a robotic cutting tool, or a nevpgasred vehicle
that has more computing power that the Apollo space cajstiiese are no skills you can pick up in
a semester of high school class.

Staying with my example of the science of electricity, that implies thadidlition to fundamental factiké

Coulomb interaction, Kilth of f 6s and Ohmdés | aws we -s$thool eurritulanal | Y
Maxwell equations. For in the world which is now immersed in the electromagnetic radiation, form the sun
light to Bluetooth generated waves connectiighe smartphones, laptops etc. in this lecture hall, knowledge

of the properties of thelectromagnetic waves @ predominant importance.

To teach the properties of the electromagnetic fields and their interaction with matter we also have to teach
how the mankind progressed by developing the means of generating electric energy including the fact that
electricity isa fantastic tool to transport energy and extremely ineffective way of storing it. The knowledge of
that is required foall citizens ofXXI century who have make a decision on havthe future we will generate
electric energy. Otherwise various activists will continue to win debates for and against nuclear energy using
solar energy as panacea for our energetic dilemmas. The moderndeachiectricity and magnetism will

have to abandon beautiful and pretty useless, for today discussiooentury experiments, they have to be
replaced by modern experiments showing all the same properties of the electromagnetic field. The ghost of a
oneFarad, a giant metal sphere, should be either replaced with the capacitor Earth ioriogphand or be

buried with all required honors. | would like to ask this conference how many students, you teach, know how
thesupec apaci t or, i northhwatchi veosks. tust the basic principle.

The return ofphysics teaching to its usefulness begins instt®ol laboratory. Only by giving students the
chance of doing lots of modern experiments we will be able to show thatrit is impossible toathose
experiments and subsequently buitHing we use dailywithout thorough knowledge of the fundamental
laws, like the conservation of energy | was just talking about.

We should also renew the pool of experimentsdwen schools. We have to stégaring experiment with
radioactivityi n school s. Knowledge of radioactivity is an
when our medical colleagues are using antimatter in every day practice (PET devices). Irresponsible choice of
the radioativity units result in the fact that seven or so fkecquerels of radioactive decays in our body and

even the radioactivity of common banana might stir a profound feeling of fear between most of the college
educated individuals. How many radiologisteatiants can explain the crucial difference between the Gray

and Sievert units. That difference is important in explaining why beaches of Brazilian resort Guarapari are
open to the public.

4 https://www.tesla.com
5T. L. Friedman and M. Mandelbaufhat Used to Be Us. How America Fell Behind in ther\dt Invented and
How We Can Come Back. Picador, New York (Kindle edition).


https://www.tesla.com/

@ GIRERO016 ‘

There are many areas of classical physics, whatever that medms XXt century, which are wrongly
presented in schools. For example notion of entropy is so crucial in understanding contemporary
informatics, how the MP3 or other compressing algorithms work etc. | do not even mietibasis of
qguantum informatiomrocessing. That last idea might revolutionize the wbelgond the common tale about
Schr°dinger cat. Do we teach that at all ?

Most of mechanical devices function because of friction. How nthaysands of students are finishing their
school or collegeducation withthevr o n g A c ¢hatvrictiontfarce hisml ways equal of d
is the force exerted perpendicularly to the surfa

Essentially all the facts about things | have mentioned can be found Neth®lost are there to find using

ways of searching we have to explain to students, particularly explaining that what is on the Web is not
necessarily truélVikipedia, unfortunately, is not as dependable source of information as the Wolfram Alpha.
Not allthe eeducation materials are of the quality of Khan Academy.

IT proliferation had changed our life. One of the area of education where, | bétiewese of the IT should

be restricted, is the school laboratory. | strongly oppose the replacementexforer@ents with the beautiful
computer simulations and/or YT presentations. Computers can and should help us to do experiments better
and analyze their results but shon&Ver replace the experiment. | repeat here again that the only use of laptop,
tablet or whatever, in teaching gravity is to drop it from the table to show which direction the earth gravity
works. A few dollarsdéd worth tools available in th
are excellent in helping studentshtoild their own experimental apparatus required to precisely measure the
gravity acceleration. However, that would require an active participation of a student in a real experiment and
offers them the chance to face difficulties of the real experirttgittmeans world, not beautiful computer
graphics occasionally massaged for the purpose of better visualization as the laws of the mechanics used in
shooting fighting scenes in the movie Matrix.

| believe knowledge of physics is important as a basic toairfderstanding the world. Three years agd.0

years old grandson took with him feacation, we were spending together, ltbek suggested by his teacher

I The Adventures of Tom Sawylanoticed that he did whatever possible to avoid reading it. He cauféisat

he found that book dull. He was reading the paper edition of the book. | promptly provided an electronic
version of it and we started to read it using the qualityboeéka d er on one of our tabl e
upo. | f o u neah, hérdnia Polartd haskedaochread tHat book are unaware from where it comes , and
what is the meaning of, the Samuel Clemens literary pseudbmark Twain. So we used the ability of the

reader to search the Web for notions marked in the text and vwesidtagxplordirst the notiori Mississippi.

Soon were investigating the details of thaer hydrology, then the engineering of the famous Mississippi

boats and ships. For example why those boats have the peuzié on the back in contrast to the lspahy

on the Vistula or Rhine. Soon the question of the positioning of the boilers on those boats became an issue of
discussiorand simple experiments we did with breakfast frankfurters, etc. We also had to resolve the problem
of the book translation intBolish, particularly the question of some politically incorrect words used by Twain,
which have been translated into Polish in a completely ridiculous fashion. As you see | used the book from the
primary-schoolchildren bookshelf as the tool to teach saléis u b j *eAcfewsdays ago, during the yearly
conferencdor teachers, that was held at the Copernicus Science Center, jointly with the one of the leading
Polish and French actor Andrzej Seweryn, we run the workshop devoted to the physics waylg)hcmim

This time we used one of the rhynfes children by Polish poet Jan Brzechiidah e Nut 06 i n whi clt
from a little town next to Warsaw gets a particularly tough nut and tries to crush it by many means which all
fail, eventually a squirrel eats through the window armtushes the nut shell and eats the kerélthose
unsuccessful attempts to crush the nuts can be used to introduce the meaning of the word hard, the method of

5. A. Turski, Lecture on the 60 anniversary of the Institute of Literature of the Polish Academy of Sciences, 2013.
Computer presentation available from the author. Fragmecitgdied in the interview with Anita Czupryn Rolska the
Times http://www.polskatimes.pl/artykul/1074970,profrski-bezpanatadeuszanie-moznazrozumieetego-co-sie-w-
polscedzialoi-dzieje,id,t.html
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measuring hardness of materials (one of the attempts to crugit teablacksmith using the heavy hammer

fits beautifully the Leeb method of measuring the hardness by rebounding a tester head from a tested material)
and finally the fascinating story of rodepttods bi
allometric relation, basic in nature but not mentioned in school education (the strength of rodent bite is related
to thebody mass of rodetty power law with the same exponent for hundreds of rodents investigated).

&
L3

4,
X

&

| believe | have made my poinpsetty clear. | would like to close with one quotation to support my way of
thinking about the physics education of XXI century which is that from the book which has been my guidance
in thinking about the education from the day | have got it, John Dé¥eyocracy and Education: an
Introduction to the philosophy of educatidnsays:

Pupils begin their study of science with texts in which the subject is organized into topics according to the
order of the specialist. Technical concepts, with tldeifinitions, are introduced at the outset. Laws are
introduced at a very early stage, with at best few indications of the way in which they were arrived at. The
pupils learn Ascienced instead of | earaidordingry t he ¢
experience.

After fifty years of GIREP existence the world civilization is on a turning point. We have a fantastic progress
in the technology, medicine, agriculture, biolomecluding that of our own genom&tructure and have
possibility ofmaking this worlda place of plenty and as peacedslpossible. Nevertheless we are facing the
migrants problem, on the scale similar to that fifty years ago , which we cannot hatidtzur technical

means surpassing anything available to our predeseda@ are facing the terrorist treat which again we
cannot contain in spite of employing technology no one even dreamed about when Red Brigades were rooming
the streets of Rome. We face the world energy crisis and possible consequences of whatevén climmajes

are ahead of us. | believe that all this is strongly related to the failure of the world educational system.

ThatEducationsystem we have now failed us. The point is to build a new one. In that new system the main
goal should be a better wmdtanding of nature surrounding us, for the changes in it, irrespectively
anthropogenior caused by natural phenomena, will soon influgheeway we live on a scale we had not
envisage when the atomic energy was harnessed and transistors wer@Hhisiigbal cannot be achieved
without improving the understanding of basic rules the nature works accordind the basic rules through

which we can use the nature in a sensible wag. that means physics. With improved physics education we

can create tryleducated society and the society of educated people, as Thomas Jefferson said, is the only one
which can guarantee the preservation of the most precious value in hurrdre ffx@edom.
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Abstract

Many students have problems when it comes to describing the shapes of displacement, velocity and
acceleratiortime graphs (x, v,-agraphs), conversion of graphs from one form into another, and calculating
and getting the meaning of slopes and areas Wigkamatics graphs. They often describe shapes of graphs as
pictures and give interpretation without taking into cognizance of the type of graph being considered. In this
study, 37 first year university physics students (Group One: 17 students and GraupOTstudents) at the
University of Education in Winneba (Ghana) in two consecutive years, were introduced to the use of
microcomputer based laboratory (MBL) tools; simulations and graph samples to practice and describe the
shapes of kinematics graphsneersion of graphs from one form to the other; calculation of slopes and areas
under kinematics graphs, and their meanings, all in an interactive engagement teaching. Students were made
to answer the fATest of Und e {KKebef@amadd afiegthe@tradyrctios of then Kii

use of MBL tool s, simulations and graph samples.
proportion scores and average normalized g under t he four concepts fArv
andcalcht i on); Sl ope (meaning and calculation); Grap

indicate that the first year university students in the two groups all did better in describing the shapes of
kinematics graphs, transforming kinematics gspalculating and getting the meaning of slopes and areas
under kinematics graphs when they were tested with the same instrument after instruction in kinematics. This
goes to show that MBL tools, simulations and graph samples when used in an interagdyement manner

can improve the teaching and learning of kinematics graphs in physics.

Keywords
Kinematics graphs, MBL, simulations, interactive engagement, Ghanaian context

INTRODUCTION

Do you know that some students did not believe that graphgegesentation of various kinds of quantitative
information and relationships, such that their own movement (walking) could be plotted as graphs? To such
students they see graphs as foreign materials, which have no link with any real life activitys iesethiag

materials for students to work with. In teaching graphs and during most kinematics physics experiments in
Ghanaian university contexts, students are mostly made to-pletbor at graphs. Teachers usually extend

their teaching by asking stants to find the gradients of such graphs plotted and perhaps extrapolate or
interpolate the graphs to find some other values. These teaching techniques of graphs have made it difficult
for students when it comes to describing the shapes of kinematmssgnversion of kinematics graphs,

getting the meaning and calculating slopes and areas under kinematics graphs, as they are not used to practicing
these approaches in classrooms. They therefore misinterpret, especially in describing the shapssfoidyraph

it difficult to change graphs from one form to another, give different interpretations to slopes and areas under
graphs, and find it difficult to calculate the slopes and areas appropriately. In this study, how to use MBL tools
and simulations todip students describe and transform kinematics (xtvgeaphs, and how to use specific
examples of kinematics graphs to get the meaning and calculate for slopes and areas under graphs, all in an
interactive engagement teaching, will be considered. [Bestithe Ghanaian university students will be
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converted into mean proportion scores and compared to see how the use of MBL tools, simulations and graph
samples in an interactive engagement teachihlgmprove on their knowledge in kinematics graphs.

RESULTS FROM EARLIER STUDIES

Graphical representations are important in studet
sessions, yet most students have limited understanding of graphs (Blume & Heckman, 2000; Swafford &
Brown, 1989) Numerous studies have shown that students usually find it difficult to convey information with
graphs and extract information from graphs (Swatton & Taylor, 1994; Wainer, 1992).

Students commonly misinterpret graphs as GAP (gemicture), in which thg expect the graph to be
apicture of the phenomenon described (Beichner, 1994; Bollen, De Cock, Zuza, Guisasola & van Kampen,
2016). Students interpret a graph of displacement versus time as if it were a road map, with the horizontal axis
representing oneirection of the motion rather than representing the passage of time. In problems dealing with
balls rolling in tracks or people riding bicycles over hills, students using GAP will often draw veilowty

graphs resembling the shapes of the tracks t&, mdther than showing the velocity of the ball or bicycle
(Murphy, 1999). McDermott, Rosenquist and van Zee (1987) found that, even in the simple case of a straight
line graph, the physics students in their study confused distance represented byhthef legggraph with

velocity represented by the slope of the graph in a poditioe graph. The situation becomes more
complicated when the graphs are curved, making the confusion of slope and height more common. According
to Beichner (1994), other commdifficulties students have when working with graphs are variable confusion,
forming graphs from kinematics equations and graph transformation.

Though some students can calculate slopes, especially straight line graphs which start from the orggin, other
find it difficult when it does not pass through the origin of the graph. Most students cannot understand what
the slope of a line graph connot@$ainic, Milin-Sipus, Katic, Susac & Ivanjek, 281 Forexample, students

find it difficult to appreciataghe fact that the slope of the veloettyne graph connotes acceleration of the
object the graph is about. Also, students cannot tell which of two slopes is steeper (Beichner, 1994; McDermott
et al, 1987).

Similarly, a few students can calculate areateunkinematics graphs and could explain what these areas refer
to. For instance, majority of students could not infer that the area under accelénaignaph refers to the
change in velocity of the particular object the graph is about (McDeghatt 1987; Donnelly & Welford,
1989; Eraslan, 2008).

WHAT DO YOU INTEND TO ACHIEVE?

The ability to comfortably work with graphs is a basic skill of the scientist. For example, graph construction,
interpretation and transformation are very important ansiddntegral part of experimentation, which is the
heart of science (Chambers, Cleveland, Kleiner &Tukey, 1983; McKenzie & PddiBg). Graphs can
provide a structured overview of the entire problem situation while still allowing details to be retidhaesd.

been found out that technology such as the use of microcomputer based laboratory (MBL) tools and
simulations is promising for increasing students understanding and transformation of graphs (Mokros &
Tinker, 1987; Thornton & Sokoloff, 1990). This Whelp students to engage in substantial reasoning to
develop coherent understanding of graphs rather than fragmented ideas, which will not set students on the path
towards learning. For example, allowing students to interact with motion sensors intesithcsmmputers to
describe their motions could help students to make meaning of the description of their motion in relation to
the graph plotted.

In University of Education, Winneba (UEW), the use of MBL tools in teaching is quite recent. The type of
MBL t ool wused is called ACoach 60. It is a tool wh
active integration of computers in Science and Technology Education, with the view that this learning tool
gives the science learner power to explareeasure and learn from the physical world (Kedzierska &
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Dorenbos, 2007). It could also be used to plot graphs easily and quickly on the computer by physical
movements of objects, transform kinematics graphs from one form into another (from giositigraphs to
velocity-time graphs to acceleratigime graphs) and determine slopes of kinematics graphs.

In this study, we will investigate the effect of MBL tools, simulations and the use of already plotted graphs in
the context of interactive engageméne achi ng to i mprove studentsé6é und
agroup of first year physics students in a Ghanaian university.

The research question is:
ACould MBL tools, simulations and graphsosampldesat
conceptual understanding of kinematics graphs?o

WHAT ARE THE CHARACTERISTICS OF AN EFFECTIVE TEACHING APPROACH
IN KINEMATICS GRAPHS?

After studying the literature the following sequence of activities were used in the teaching of kinematics
graphs; concept quiz, conceptual reasoning questions, interactive teaching, reflection, application and
problem solving question¥he purpose of using these activities has been summarized In Fig

1. Concept quiz 2. Conceptual 3. Interactive Teaching
causes students .| Reasoning Question .| Provides new
to come prepared “| relates to prior “| information, invites

knowledge students’ contributions

A
\ 4
5. Application and 5
Pr bqgn Sol [; 4. Reflection:
1 ving PR
2 OVIE reconsider initial

Questions: students |«
apply, transfer or
generalize ideas

responses based on
new knowledge

Fig. 1. Learning activities and purpose
RESEARCH SETTING

The research was carried out in the Department of Science Education, University of Education, Winneba
(UEW). Participants in the study were first year physics students for two consecutive academic years of their
first semester mechanics course.irfyhseven (37) students were involved in the two academic years:

17 students in Group One and 20 students in Group Two. Understanding kinematics graphs is part of first year
mechanics curriculum in UEW. Two out of thé"iieek lessons on mechanics were used to teach kinematics
graphs. This consisted of six hours of teaching and four hours of problem solving session. The lecture room
was equipped with computers, white board and a screen which allowed for the usage of/pegettors.

The course was taught by one of the researchers. The research instrument used to gather data was the Test c
Understanding Graphs in Kinematics (TG (Beichner, 1994).

METHOD
Students were made to ansvjpre) TUG-K a day before the tehing of graphs. During the day of lesson
students were made to answer a concept quiz based on description of {iosgtigraph, transformation of

positiorttime graph to velocityime graph and calculation of gradients. The question is shown below.
Examire the movement of an ant running back and forth along a line in the graphs below.

10
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i. Give a brief interpretation of the posititime graph using the movement of the ant.
ii. Transform the positioime graph of the ant into a velocitiyne graph.
iii. Determine the gradients of the various movements of the ai@k2s, 23 s, 36 s and 67 s.

Transcription of how some students described the graph

1. George:Em!' ! The first part the, the ant 0svelociyltherci t y
became constant and then decreased again.
2. [é]

3. Peter: The ant descended, climbed up till it got to a flat surface. It therefore moved for a while and
descended again.

After a short discussion of the questions, students were made to answer a question on graph to activate their
prior misconception on seeing a graph as picture (GAP). They were made to discuss in groups of four and
choose the correct graph which best déssithe questioftonceptual reasoning questjon

Little Johnny stands at the bottom of a small hill and kicks a ball. The ball rolls up the hill and then rolls back
to Johnny. Which one of the following velocitiyne graphs (A, B, C, or D) most accullgt@ortrays the
motion of the ball as it rolls up the hill and comes down?

# B C D

velocity
o
=
velocity
o
-
velocity
o
-~
velocity
o

12
o
o
o

Transcription of studentsé explanations to the ¢

pictures (GAP)

Class(respondefi i A 0 .

Teacher: Anybody with different answer?

Students: (respondefino sir.

TeacherYou all chose AA6. Why HAAO0?

Francis: Sir, because the ball rolled northwards, then it returned back, which means that, it moves in

opposite direction, it will be in southwards directi

9. [...]

10. Tony: Sir A. Even the graph shows, because the 0 point, the velocity is 0. From the initial to a certain point
or a certain height, northwards, then it came be

© N OA

The next activity was the interactive teaching, where students in groups of doeimvade to predict and
practice with the MBL and motion sensors to plot graphs of their own movements (straight line graphs). This
is shown below:

By the use of motion sensors/detectors and coach students are to observe disptanergesgphs, velocity

time graphs and acceleratiime graphs of the motions below by their movement;

1 standing still; students analyze and describe the displacgimengraphs, transform it to velocityme
graphs and acceleratitime graphs of the motion by comparing the shapes of graphs.

11



GIRERO016

1 moving at constant speed in a specific direction; studentszenalyd describe the displacemgnmnte
graphs, transform it to velocHyme graphs and acceleratidme graphs of the motion by comparing the
shapes of graphs.

1 moving away and coming back at constant speed; students analyze and explain the shapes of the
displacementime graphs, transform it to velocityme graphs and acceleratitime graphs of the motion
by comparing the shapes of graphs.

1 moving away and coming back with different speed; students analyze and explain the displaoement
graphs, trarferm it to velocitytime graphs and acceleratidime graphs of the motion by comparing the
shapes of graphs.

1 moving away, stopping and coming back; students analyze and explain the displaéoem@naphs,
transform it to velocitytime graphs and acce#iontime graphs of the motion by comparing the shapes
of graphs.

9 students were made to walk some already plottednd vt graphs.

By the use of simulations, students predicted and practiced cutvgdghs and their transformations to v

and at graphs. For example

1 students were made to study different dot diagramg efiations with a changing velocity (curved graphs)
and their transformations tetvand at graphs. Thus positive and negative changing velocities (slow to fast
and fast to slowyvere considered. http://www.physicsclassroom.com/

1 They were also made to enter different values for initial position (m), initial velocity (m/s), acceleration
(m/$) and time (s). Students were made to study the shape of the position time graph anunttaesfo
shapes to¥ and at graphs. http://www.physicsclassroom.com/

Students were made to calculate for the slopes and areas of already plotted graphs. Thus
1 students were made to practice and determine the value of slopes of a straight line grapdnsdinvtx

graphs (graphs starting from origin and graphs not starting from origin). They were to determine what they
were finding(velocity, acceleration

1 students were made to practice and determine the areas under the straight line graplkgysfirmelo
graphs. They were to determine what they were finftimigl distance/displacement

E 50¢ E 50
£ 4071 £ 40
- 30T - 30
< 20t < 20
s 107 2 10
= 0= T 0
o> 0 2 4 6 > 0 2 4 6
Time {s) Time (s}

After allowing students to interact with MBL tools and simulations, they were made to reflect on their initial
answers to the conceptual reasoning questions to see if they could improve on their @efleetson. All

t he student s orpphtha actucately gofrays thesmotiohoé theghall as it rolls up the hill and
comes down. These were followed by application and problem solving where students could apply, transfer or
generalize ideas relating to real world cont&dme examples arevgn.

12
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1. (a) Describe the following graphs.
(b) Convert graphs 1, 4, 9, 10 & 11 into veloditpe and acceleratietime graphs.

Graph 1 Graph 2 Graph §

o }_4 t o :'_4 t oo —t
Graph 4 Graph 5 Graph &

o t o t 1]} i

— N
Graph 7 Graph & Graph #
position velodaty position

Graph 10 Graph 11

position position

2. Give the meaning of the slope and area under the following graphs:

Graph Slope Area under the graph

position versus time eéééeéeé. eééeéeéeé.é
velocity versus time eeéeéée. eééeéeéeeée
acceleratiorversus time eééeéeéeé. eéeeéeéeée.

3. The following graphs were plotted by the movement of the ant shown in the diagram. (i) From the shaded
portions of the graphs determine the antods displ
(i) Calculate the gradients of th& graph from t=0-2 s, 23s, 35s and 57 s.

-
(o) 2 (emis)

I 2

2 <1 0

Students were made to answestTUG-K questions the day after the close of the lesson. The mean proportion
scor es oPreTsa@GKahekPodt T8G-K were used to calculate the Hake gain for each Group. The
Hake gain values were compared for the Twoups to determine their level of conceptual understanding in
Kinematics graphs. This would help to see how the Ghanaian university students would be affected with the
use of MBL tools, simulationand the use of already plotted graphs in the contextefaictive engagement
teaching in understanding of kinematics grafit$G-K is a multiplechoice standardized test, which consists

of 21 questions with students common misconcept:
kinematics graphing alties. Students used 30 minutes in answering the questions in each session, due to
some quantitative problems involved in calculating slopes and areas under graphs. iiéiement was

grouped into four main concepts under graphs and students meantipropoe and post scores were

13
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calculated under these concepts: (i) Area under graph (i) Slopes (iii) Graph description (iv) Graph
transformations.

&
L3

[
»K

&

RESULTS

To answer the research question, students were made to gmevaeid post TUG-K questions. The nan

proportion scores were used to calculate the Hake gain of students and presented i 1 . Student
proportion scores were calculated under the mentioned concepts and presefitied @, 3, 4 and 5.

Table 1 Mean proportion correct scoresfrfe TUG-K, PostTUG-K, and Gain

- N TUG-K
roup Pre (SD) Post(SD) Hake Gain (SD)

Group One 17 0.27(0.05) 0.69(0.07) 0.58(0.09)

Group Two 20 0.27(0.06) 0.71(0.07) 0.60(0.10)

Student sé6 mean paTdGkwaslowerras comparedenith theinpost TGThis was
an indication that students did not have enough understanding of kinematics graphs before the beginning of
the lesson. However, there was a considerable improvement in the mean proportionfqooseEUG-K.
Also, the average normalized gaifg |, was about 0. 6, whi c hg cbussés| s Wi

0.7> (< g)) 20.%, which is a typical range for average effectiveness of courses in promoting conceptual

undestanding (Hake, 1998Hake developed his score for FCI but not for TKIGand along the same line
we extended his way of calculation for TkKGgain scoresThe mean proportion scores of the two Groups
were comparable.

Table 2 Co mp ar i n gmean pwogdodiontcarréct scoresRne andPostTUG-K- in area under graph
(meaning and calculation)

Concept TUG-K Que. No. Group N Pre (SD) Post(SD)
Area under the graph 1,4,10,16,18& 20 Group One 17 0.28(0.02) 0.72(0.14)
(meaning & calculation) Group Two 20 0.32(0.02) 0.74(0.08)

The performance of students in Pre TAH®f both year groups was relatively lower as compared with that of

their Post TUK . This indicates studentsd | ack of under s
beginning of the lesson. However, relativeigher mean scores of Post TWGshow that concept of areas

under kinematics graphs were highly appreciated by students after the interactive teaching.

Table3Co mp ar i n gmeantprogbrion tasréct scoresHre andPostTUG-K- in slope (meaningnd
calculation)

Concept TUG-K Que. No. Group N Pre (SD) Post(SD)
Slopes (meaning & cal.) 2,5,6,7&17 Group One 17 0.46(0.03) 0.63(0.13)
Group Two 20 0.49(0.02) 0.68(0.07)

St udent s & sddresein both) yg@ar groups were relatively lower; they were not as low as the other
concepts. This is not surprising as most of the graph works that students do, especially in Ghana, are based on
plotting graphs with given data, and@alhting for the values of the slopes. Also, mathematics items in slopes

are less difficult for students &olve Planinic, Milin-Sipus, Katic, Susac & Ivanjek, 21 However their

14
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post scores were relatively higher, which is an indication that thevémion was helpful in enhancing
studentsd understanding.

Table4 Co mp ar i n gmeantprogbeion tasréct scoresire andPostTUG-K- in Graph description

Concept TUG-K Que. No. Group N Pre (SD) Post(SD)
Graph description 3,8,9,12,19&21 GroupOne 17 0.22(0.02) 0.68(0.12)
Group Two 20 0.20(0.02)  0.68(0.07)

St udent s-Bscées@ debdbgdion of graphs were relatively lower. This might be due to the way they
saw graphs as pictures before the beginning of the lesson. There was a significant improvement in their scores
in Post TUGK after the lesson. Thighows that the intervention in describing graphs might have had a positive
effect on studentsdéd graph description (Thornton &

Table5.Co mp ar i n gmeantpombrtian tosrdrt scoredHreandPostTUG-K - in graph transformation

Concept TUG-K Que. No. Group N Pre (SD) Post(SD)
Graph transformation 11,12,13,14,15&1¢ Group One 17 0.14(0.03) 0.70(0.05)
Group Two 20 0.18(0.03)  0.70(0.05)

St udent s-Bmdam popdrtidnEcores in graphs transformation were relatively lower. This is because
graph transformation is rarely taught in Ghanaian schools. However, their relatively higher score in Post TUG
K might be attributed to the interveotis in graph transformation during the lesson.

CONCLUSIONS

We have described how MBL tools, simulations and graph samples have systematically been structured into a
sequence of activities in the context of interactive engagement teaching of kinegregtits in the physics
curriculum of a Ghanaian university. We noted mor
the students and also between the students and the computer. Students had high and almost equal gains in bot
year groups, wich seem to confirm that the use of interactive engagement (IE) methods through MBL tools,
simulations and graph samples in the classroom can increase graph teaching effectiveness well beyond that
obtained in traditional practice (Hake, 1998), though wmotexactly know what really was most effective.
Furthermore, students showed good conceptual gains in understanding of kinematics graphs, especially in
getting the meaning and calculating for the area under graphs, knowing the meaning of slopes ahdraphs

also calculating for their values, description of graphs and graphs transformations. The difference of Post
TUG-K and Pre TU&K mean scores in both year groups was a
graphs have improved. Thus students hettieb understanding of kinematics graphs after the instructions in
kinematics graphs with the useMBL tools, simulations and graph samples
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ELECTRICITY AND MAGNETISM STEP BY STEP
AND OPTICS STEP BY STEP: OPTIONAL SPECIAL LABS
IN FIRST YEARS OF PRE-SERVICE TEACHER TRAINING

renaDvoS&8kovg, Leog DvoS§k

Department of Physics Education, Faculty of Mathematics and Physics,
Charles University, Prague, CzeBepublic

Abstract

Introductory physics courses for future physics t
one hand, they should present physics at university level, using mathematical tools like integrals, differential
equations, tensors etc. with sufficient degree of exactness. On the other hand, they should develop conceptual
understanding, physics insiglat n d Aintuitiono, skills necessary f
devel opment of such conceptual understanding and
assuming that students know the basics from secondary schools and have soieacexpdh at least
elementary experiments. Moreover, it is often assumed that students themselves will see the link between
fsecondary school physicsodo and fAuniversity physic
complain that there ia large gap between physics at those two stages. To help students reduce this gap we
created two optional seminaiectricity and magnetism step by stelOptics step by steffhese seminars

give students better understanding of physical conceptelaasnsome basic methodical comments for their

future work with pupils. Both seminars are based on the adethgy of the Heureka Project (Dvorakova,

2013a) In this article we would like to present our experience with both seminars.

Keywords
Teacher Taining, Electricity and Magnetism, Optics, optional introductory courses

INTRODUCTION

Our student$ future physics teacheishave special physics lectures since the first year of their university
studies. In the second semester there is a lectndes@minar) on Electricity and magnetism. Students learn
ithe university physicsd here, calculate differen
students are able to successfully pass exams from this topic, but they have probtewesywaiementary

tasksi to light up a bulb only with a battery, to connect parallel circuit etc. This was the main impulse which
initiated a new seminégtlectricity and magnetism step by stdjhe second seminar was opened two years

|l ater ategtesientldcause they considered a fistep b

MAIN GOALS OF THE SEMINARS

Main goals the seminars should fulfil naturally follow from problems mentioned above. In general, students

should there:

7 build bridgesbeteen fAuniversity physicso and physics tat
their minds and/or make such bridges stronger

9 experience teaching and learning physics that is strongly based on simple experiments they do by
themselves.

Of coursethese two goals are interconnected: students should learn how simple experiments relate to relevant
physics theory and should be able to illustrate such relations.

17
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Moreover, seminars also give students a very good opportunity to become explicitly asare dmportant
misconceptions in the discussed topics by experiencing the misconceptions by themselves or by their
colleagues.

Last but not least, each seminar is also a place where students improve their practical skills concerning simple
experiments ah of course, some other more general skills and competencies: to collaborate, to discuss, to
present results etc.

BASIC CHARACTERISTICS OF THE SEMINARS

As we already mentioned, both seminars are organized simultaneously with usual university Idogyres. T
take 2 hours per week, in the 2nd and 3th semester. Although the seminars are voluntary, almost all students
on adequate level attend them.

At the beginning of both seminars students are asked to solve several problems from basic school physics.
Theyfind that they have problems with this test; usually none of them are able to solve all tasks without
mi st akes. We know that students have many fAempty
di fferent Aempty pl acgmefiling missing knavdedge. dt is s\ecessagy totbaild t r y
concepts from beginning. That is why we start all topics from the basic level. Sometimes we say that no
previous knowledge is expected (after the introductory test, of course).

Students work simildy to children at basic school. They do experiments, discuss, and solve different
problems. Some examples of these problems will be presented later.

There are two more important parts of the program of seminars. One of them includes didactical eldments an
met hodi cal comments for studentsdé future teaching
years of studying ahead of them and they usually have little idea about their future work with pupils, we
consider those comments as very ampnt. We are convinced that the sooner students gain a positive attitude

to teaching the better. The second important part of the seminars is continuous interconnecting the basic level
of physics with the university level.

The seminarElectricity and nagnetism step by stedpcludes four main topics magnetism (permanent
magnets and their field, magnetic field of the Earth), electrostatics (properties of the charge, electrical
conductivity and electrostatic induction), electric circuits and electroniagnémagnetic field of the wire

and coil, mutual influence of a magnet and a conductor with current, electromagnetic induction). In the seminar
Optics step by stepe start with the basic properties of light, shadows and colours. Then students investigate
mirrors (plane, concave and convex) and lenses. They study refraction of light, too. The last part of the seminar
is focused on wave properties of light (diffraction, polarization, etc.).

Example 17 Several Tasks From The Introductory Tests

9 Design andlescribe an experiment which shows that there are two types of electric charge. You can use
aplastic rod, a container with a leaf of aluminium foil, insulation pad, and fur.
1 Solve and give reasons for your decision: How does the ammeter reading chandkeenswitch is closed?

@
L
—A—e—

91 Add two switches (plus wires if necessary) to the circuit so that their different combinations will cause 1,
2, 3, or 4 bulbs glow.
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9 Point A lies on an optical axis of a magnifying lens (bhetween the lens and its focus point). Find
geometrically the image of the point A.

1 Using magnifying lens we project a flame of a candle on the screen. Describe what you will see if we cover
the top half of the lens.

Example 2i Electric Circuits

The resllts from different research studies show that students need more opportunities to work with real
electric circuits. Students have problems with understanding and correctly applying the concepiitte

circuit. They also need to understand multigleresentations of the circuit to deephderstand its behaviour,

(e.g. Osborn, 1983IcDermott& Shaffer, 1992. Therefore we spent several hours going through the whole
methodological sequence, which helps students to build the concept of electrits dilging multiple
representations. This seqeerwas described in detailsfivorakova(20138.

In this text we present only the starting part of the sequence:

Step Activity

1. Play with a small bulb and a battery, connect bulb to
abattery (use aiece of wire if necessary) and try to ma
it glow. (Exp. 1).

2. Draw a picture which describes the arrangement of yol
experiment.

3. Connect the bulb to the battery through as many thingg
as possible at the same time so that it glows (work in
pairs). (Exp. 2)

4. Sketch how the experiment looked (using B pieces is
enough).

Describe the common properties of things you used in
Exp. 2.
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the battery, yet it does not shine (cradyas).

5. | Draw different situations, where the bulb is connected | B ¢
‘ i
< - \

— =
o PR e e
<
6. Teacher shows circuit diagrams to represent circuits. s TB1 B2
Teacher shows tables for describing the state of switch [0
and bulbs. 1
Bl S
B2
7. Students work with real bulbs, switches and batteries g

build assigned circuits.

Fig. 1. First activities from the methodological sequence Electraits

We would like to bring your attention to step 3. This competition proved to be a very interesting activity and
students like it very much. Furthermore it gives a lot of possibifitiefirther conclusions.

Example 37 Outdoor Activities

One of the very favourite activities is outdoor playing with mirrors and lenses. We need a day when the sun in
willing to play with us.

Students do a set of experiments, for example:

1 Reflect the anlight to the given place using one plane mirror.

1 Reflect the sunlight to the given place using two plane mirrors.
1 Light up a piece of paper using a concave mirror.

1 Light up a piece of paper using a magnifying lens.

Fig. 2. Outdoor activity during the semin@ptics step by step
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Examples presented above could possibly raise an
of simple experiments, perhaps loosely connected witts phrtheory. However, they are much more than

that. In fact, looking from a broader view, they serve also as classes preparing students for their future teaching
career.

Structure of the seminars follows the way how these topics are taught at juniodagclevel by one of
authorsi so students ar e, partly Aimplicitlyo and part
This Ahorizont al structureo of the seminars is su
and theory stdents learn in university lectures. (As it was mentioned, the lectures are taught in the same
semester as the Astep by stepd seminars.)

The very important aspect of the seminars concerns the fact that learning students experience there is inquiry
based(lt is not completely free inquiry, the role of a teacher is important there but it is definitely far from any
cookbook approach.) Of course, the inquiry involves discussion of students and students groups, their
collaboration, presenting results to cofjaas etc. Therefore, later in their teaching carriers, students can use
met hods they experienced there as fitemplateso in

FEEDBACK FROM STUDENTS

Though no formal tests or quantitative surveys were done at the end of seminars, vamsusf feedback
from students show that the seminars fulfil the needs expressed by goals mentioned above.

First, in spite of the fact that the seminars are optional, they are attended by nearly all students (future physics
teachers). Students of oldeastes recommend the seminars to their younger colleagues as really useful. At
more formal level, such attitude is proved by a survey our Faculty does at the end of each semester among
students. (In last few semesters the results of the survey areubedtdbs e and acknowl edge
of the Faculty and the ratings of our seminars reached that level.)

Apart from quantitative evaluation some opinions of students they wrote in the survey can illustrate the impact
of seminars. UbLet 68 fpewsenammleee ¢f studentds view

| think that this seminar prepares us very well for our future teaching career. | appreciate that we solve all
problems at the level of students of junior secondary school, to be able to explain them physiasviumtheir
words.
The style of teaching was very inspiring. ¢é 1t f
Il surely recommend it to clarify oneb6s knowl edge
Very good seminar from optics, it really makes sense. It is gamthteect optics from lectures with physical
Aplayingo with |l enses, prisms etc., seminars ar
and instruments. € anyway, the seminar is an exc
Apart from these views expressed several waéks the end of each seminar there is alsmglasting effect.
In classes aimed at physics teaching which take place about two years after the seminars, students repeatedly
use what they learned in the seminars and explicitly refer to them.

Based on lathis feedback, though mostly qualitative one, we think we can state the seminars really fulfil the
needs that forced us to create them.
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CONCLUSIONS

It is hopefully not necessary to describe detailed structure of the seminars here. (To reallgefailstavould

make this text much longer.) We think that every educator can adapt the content to their own needs. It is the
main approach which is important.

In case you think about creating similar seminars or you have been organizing them alreadyesd/ijling

to share experience, you can contact us for further details.
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BEST PRACTICES FOR A GOOD LABORATORY EXPERIENCE

Daniela Marocchi, Marina Serio, Marta Rinaudo

Physics Department, University of Turin, Italy

Abstract

After theinvestigation on studer@perception towards the laboratory activities, presented at GNREFL
International Conferemc2014 (Marocchi, D. &erio, M., 2015), we conducted a new analysis concerning the
aspects of support and enhancement of the teactiivifyain laboratory.

We investigate i) how students prepare the laboratory activities, ii) the importance of the presence of teacher,
technicians, tutors throughout the entire laboratory process, iii) the usefulness and ease of use of the informatics
instrumentation.

This second phase involves first year students during the academic year 2015/16. Results of questionnaires
highlight the importance of teaching methods used, as well as of all the professional figures involved during
the educational laboratpexperience.

Keywords
Laboratory, Educational design, Operative practice

INTRODUCTION

The perception that students have towards laboratory activities has been presented in a previous work
(Marocchi & Serio, 2015), based on results of a questionnaire for students of different ages and school levels.
In that case, we paid attention to the development of laboratory interest and capabilities starting from high
school up to the third university year of djuWe investigated several aspects, such as comprehension of the
physics concepts, interest in laboratory activities, complementary nature of laboratory activities and of
classroom lectures. However, within the open comments of questionnaires, other sexpicto need further
attention: for example the didactic material and the laboratory data sheets, the preparation of students that help
as tutors (in our case the tutors are university students who help in the acquisition of data) and the presence of
technicians. In particular, we want to analyse the importance of various professional figures present in
laboratory and the utility of the educational path proposed to the students: didactic and computer materials,
on-line homework, auto evaluation tests;.et

In this paper, we examine the formative impact of stutlgnts and of technicians, which in laboratory are
complementary to teachers. Students, although they sometimes regret the possibility of managing
autonomously the practical part, are wellaagvof the necessity of a guide. Nevertheless, in order to achieve
maximum understanding from the students, it is crucial to know how tutors and technicians work in
relationship with them. We also study the use and utility of the assessment toolgomgrand final
evaluation. Other analysed questions are about the possibility to use the instruments and the usefulness of
computer equipment.

We wrote a questionnaire for students of the first year of Physics during the acader2ixl 2416 at Turin

University (Italy). The survey was limited to the 150 first year students in order to assess also the impact from
the different teaching methodologies used in high school. We also proposed a questionnaire to the other persons
that are present ilaboratory during the course, i.e.: technicians and tutors. We present and discuss here the
results, in order to highlight how teaching methods as well as all the persons involved in the experience of
educational laboratory are important.
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The laboratory course proposed to our first year students lasts overall six months, with two periods each lasting
ten weeks and a centr al pause of four weeks. The
techniguesandalabooat y part with twelve | aboratory experie
double: it gives both the possibility to apply statistical methods to real data (instead of doing theoretical
exercises on nakal data) and to verify some important fapresented in the parallel Physics course. The
laboratory experiences proposed in the first and in the second module differ in the complexity of the analysis
needed to reach the results. In fact, in the first module, the objectives of the experiefftes dhe @utcome

of direct measurements; in the second module, the results derive from many direct measurements assembled.
In both cases, it is required that the students have the capability to apply the techniques of data analysis
presented during the cme. A second important objective of the laboratory activities is to increase the ability

of working ingroups, to organize the work, and to reflect on the obtained results.

We administered a questionnaire at the end of each learning period, articotateting to the characteristics

of each module. The laboratory course of the first year at Turin University is very demandi@T $2ut

of 60, which is the total number BCTSrequired during the completely academic year. The difficulty is even
highergiven that many students have never had any experience of laboratory activities during high school (see
also Marocchi & Serio, 2015).

Within the studied sample, 33% of students had never attended a laboratory activity before enrolling in the
university and that 13% had done some lab work but had not needed to complete lab reports on that work; 60%
had never used a spreadsheet for analysing and graphically showing the results. Only 19% of the students said
that they often wrote laboratory reports in highaol. For the other students (80%) the principal reason was

that they had never gone to the laboratory or that they had seen only qualitative experiences carried out by the
teacher.

The relationship with all the people involved in the laboratory agtresults are very important. More of half
(60%) of the students appreciate the availability of people like tutors and teachers, while technicians remain
marginal in their experience (Fity).

Students' opinion on availability of
tutors and theachers (%)

[=4

=3 5 o
c BB 885883888

Pasifive
e

B pegative

Tutor's avallability Teacher's avallability

Fig. 1. Stuce n togingn on availability of tutors and teachers

In the questionnaire, part of the questions concerned the general aspects of laboratory activity such as:

1 the development of practical activities (such as the ability to correctly use scientific instrumpraperly
measure and estimate the error to be associated, to graphically report the results, to critically review the
results of the statistical analysis);

1 the type of experience (physical laws to verify through data analysis);

1 the weight of the cage, in terms of time and personal student work;

fTthe appropriateness of | essonbés contents for the
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F. Appropriateness of lesson contents for th | 20% | I I I I l
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/

80% 7
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Fig. 2. Studends opinion related to general aspects of laboratory activities

Some aspects (Fi@) are judged partially inadequate (from 15% to 22%): in particular the time spent for
writing the reports, the little autonomy in managing the experiments and the appropriateness of the explanation
provided during the lessons for the implementation efdboratory experience. Our considerations as regard
these critical points are:

1 It is the first experience in report writing for many students, so they perceive the report preparation to be
hard and laborious, both in the first and in the second wrifteg the teacher correction. In fact, it often
requires revisions concerning not only numerical data but also linguistic expression in the scientific field.

1 As for the autonomy, taking also into account the poor experience of the students and the tyowh fiexi
used instrumentations, the proposed experiences require a tutor for the experimental part and the presence
of the teacher for the robust analysis phase.

1 Appropriateness of the explanations provided during the lessons is a very delicate mothedrktical
presentation of the experiences takes place before the start of the laboratory sessions. Since it is impossible
to move the instrumentation into the classroom or to be in the laboratory with the students, it is very difficult
to provide operigonal details. Moreover, due to the number of students, shifts have to be established and a
part of the students performs the laboratory experience even a few weeks after the explanation.

1 A self-assessment questionnaire was prepared for each experiémé&ownultiple-choice questions and
immediate feedback. In the questionnaire arepresent open questions because they require a longer time
for compilation. Questions concern the goals of the experience and some of the operating procedures
presentedn the lessons. The student must answer the questionnaire before going to the lab. Students also
evaluate this selissessment activity: 80% of theRid. 3) consider the selissessment questionnaires and
the feedback useful to help the review of the lass@he questionnaires are now under review to improve
clarity.
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Self-evalution questions
on lab experiences ... "Agree " Disagree
100% f
A. are useful for recalling the crucial points | | s0% | = —
presented at lesson 80% [
B. need too long to answer o [
C. are not clearly expressed cos | -
D. feedback is useful to understand errors 0% | -
E. more open questions would be helpful 30% | —
20% - —
10% —— ——
0% T T T T |

A B Cc D E

Fig. 3. Studends opinion on selevaluation questionnaires regarding laboratory experiences

Satisfying M Indifferent M Unsatisfying

100%
90% _—
80% —
70% -
60%

50% —
40% —
30%
20%
10%

0% - ' ' - -

Logistical ~ Software for = Logbook  Group work Group
arrangement  analysis editing dimension

Fig. 4. Studends opinion relative organizational aspects of laboratory activities

Finally, we investigated some organizational aspects datiaratory (Fig4): the logistic arrangement, the
groupworking mode, the logbook editing and the software for the analysis. The two aspects considered
inadequate by more than 10% of the sample are logistics and logbook editing. Indeed, d@0id2846

courses, the Department considerably rearranged the spaces reserved for the laboratory, with a real discomfort
for both students and teachers. As far as the logbook is concerned, many students are not accustomed to repor
in a concise but complete wayhat happens during the experience. They often consider only important to
record the numeric data directly on Excel spreadsheet or Mathematica notebook to make analysis with the
computer. Hence, they usually forget to note details that may be usefulttherangalysis phase, the discussion

of results and the critical conclusion of the work.

TUTORSOOPINION

Tutors are bachelor or master students in Physics who receive a scholarship to assist students in the laboratory
practical tasks, since teachers carfoliow all the students at the same time.

During the academic year 2015, half of the studertutors had performed this task for the first time.
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Before the start of the course, they attended an educational training on technical aspects of the laboratory
experiences, which is their main task. This preparation period is brief but balanced. Moreover, technicians are
available to help with every tecluail problem encountered during laboratory sessions. Furthermore, students
know that, as for problems in the analysis of measured data, they have to refer to the teachers. Tutors' opinion
on the effectiveness of this initial training is not uniform: haltref studentutors think to be not able to

explain the importance of some measure procedures (50%), or to clarify-deptimanalysis (88%) that
students are requested to do, or to have the correct didactic approach.

The work of the studesttitor doesnot only represent a source of help for teachers and technical staff. There

is a common understanding (71%) that it can also be an important formative training for those students who
become tutors. So many studémtors ask a specific formation in softeaand in didactic procedures. They
express that, by being tutor, they have a deeper comprehension of physics topics and that they have the
opportunity to became leaders of a working group. Some students that work as tutors perceive as important
also a speific training on didactic aspects because they are interested in understanding better the work of
ateacher. These answers reveal the usefulness of this experience for their future working choices.

Students often requir¢o tutors
0,7

0,6

m | module Il module

0,5

0,4

0,3

0,2

0,1

support / encouragement / motivation explanations of physics topics

Fig. 5. The figure shows the different type of requigsm students to tutors during first
and second part of laboratory course

With regard to the differences observed during the two course moduleS)(Rigtors reveal that during the

first part of the laboratory sessions they often have to encounagdgnss at their first laboratory experience
(58%). Instead in the second part of the course the more important role is a guide during the technical
operations (63%) because of the greater complexity of the experimental task.

Tutors positively note therpsence and efficiency of technical staff during the laboratory sessions (71%), and
the availability to give further indications (83%). Tutors have noticed the revised labeshemts (100%),

the clarity of instructions (83%), and the availability of teachers to explain in depth the practical tasks
relative to the laboratory activities (67%). They have (50%) an uncertain opinion on the teacher's availability
to give educational didactic training; therefore, this point needs to be improved.

TECHNI CI ANS6 OPI NI ON
Persons who have PhD in Physics and participate to research groups in Physics Department compose the

technical staff for this laboratory course at Turin University. Therefore, they are very special persons. Their
role includes i) theorrect preparation of instruments and ii) the technical formation of tutor6{Fig
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Fig. 6. The figure shows what technicians think about their laboratory task

Even if technicians say that the didactic laboratory is a very interesting task (108%so declare that it

is not satisfying their expectations and capabilities. Moreover, they (60%) desire more knowledge in
educational subjects and a greater didactic collaboration with teachers (60%) in order to be familiar with the
educational objdtves of various laboratory experiences. Furthermore, technicians (80%) propose to have
awider possibility of interaction with students, not only with tutors.

MATERIALS

In order to focus on the materials that we used as support for the teaching md@dtyratory, we inserted in
the questionnaire for students several questions on laboratory materials and on procedures

Students think (80%) that the didactic material (availableleaming platform Moodle) has good quality and
that it is complete (. 7).

33,4%-66,7%

66,8%- 100%

Fig. 7. Studentéopinion on didactic material is essentially good

One element of paramount importance for a positive laboratory activity is the preparation of students before
the laboratory sessions. Moreover, it is also an important fémtahe success of the experience. Some
instruments used in didactic environment are-sedfluation tests, online exercises, open questions, etc. In
particular, students have the possibility, before the laboratory session, to read the monograph, artsch rep
the physics of the experience and some technical procedural notes. This material is avditabléorong

the students, 90% use the monograph and 82% answer-gvaklétion tests, 72% reads lesson notes and
64% asks for information from othewustents that have previously done the same experience.
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In order to test the competences acquired, we have prepared rralitpte online tests for every experiment:
students had to answer to these questions before the laboratory session. Feedbackbhekisd@nts to

evaluate their preparation: the time needed to answer is not too long (87.5%), so they can easily do it after the
class lesson and before the laboratory session. About 57% of the sample judges that some questions are nof
sufficiently clear.Hence, teachers will have to make an effort in revising them. The mark of these tests does
not enter in the final valuation, but we note that they are an important incentive to increase the attention of
students, which feel interested in going more preghap laboratory. The tutors (83%) who noticed an

i mprovement i n student sod cahoicp dtsehave eonfiamied tleisrimptession u S €
also.

We thought the autevaluation tests to prepare students before the laboratory work and the questions
essentially concern the method with which they have to operate. Students considered them useful also for the
preparation of the final exam (87%), but soshedents say that they would prefer technical questions (27%)

or questions of physics (48%).

We note a correlation between a good and regular execution of the rreitifiide tests and examination
result. Tablel shows that all the student of the caestehad the maximum results (30 cum laude in Italian
University) did well all the auto evaluation tests. At the same time, none of the students with bad results in the
auto evaluation tests has reached the maximum examination resut;shigws the re#ts for student of the

B course versus the number of auto evaluation tests completed.

Table 1.Number of valuation 30 cum laude during the exam (maximum evaluation in the Italian University)
versus number of wetlone auteevaluation tests (course A)

number of well-done number of valuation:

tests 30 cum laude
0 0
1to 3 0
4t05 0
all 6

In addition, students considered the correction and the return of the first three laboratory reports before the
final report useful for a good preparation (96%)t part of the students (25%) encounters difficulty to
complete the reports during the didactic period.

204+ttt
r Course B - 79 students

28 t 1

Mean examination

24 -

22 —

20 —

1-3 test
(n=5)

(n=5)

4-5 test
(n=18)

i (=50 1
26 { } 1

MNumber of auto evaluation test over & laboratory experiences

Fig. 8. Results of the examination versus the number of-austuation tests done (course B)

29



<( )) GIRERO16

CONCLUSION

We have examined, through a questiormaiffered to 150 students, studduiors and technicians, the
importance of all the professional people involved during didactic laboratory sesBEmensesults of the
guestionnaire have stimulated a reflection on formative activity, so we have inloshuoe good practices

in the course during the present academic year: we present them briefly, considering them useful for teachers
in their work in class.

In the course, students appreciated the type of physics experiences proposed, the development of practical
skills, their increase of informatics capabilities by using PC for the analysis of the data, group work and
availability of tutors and teachers. R8% of them this course is the first laboratory activity and 60% of them

had never used a spreadsheet for analysis nor have used graphics to show some results. For shislezdson,

have many difficulties in writing the reports. To support them in té&, we have prepared for the first
experiment an online format in which student can insert data, results, commentsgdapthianalysis. We
organized the format in sections that correspond to the different items of a scientific report, so it aarmhelp
guide for the writing. Therefore, we will provide the students with some old reports and the revision form used
by teachers for correction and evaluation. In this way, students can see what the teacher looks for in the text
and in the analysis. Thewi use the form to mark the old report and then as a guide to correctly compose their
own.

The importance of a logbook and of its correct compilation will be highlight during lessons and tutors have to
control its proper us®uring the pause between fiirst and the second module, the teacher marks the logbook
and gives it back. In the future, we think it will be useful to consider tools such as Google Drive or Google
class, to share online files and generate-lgleook easier to manage. The high nundfestudents attending

the course is currently the greatest limitation of this solution.

The work of the studesititor not only acts as a help for teacher and for technical staff, so the use of-student
tutor has to be encouragdthere is a common undéaading (71%) that it can also be an important formative
training for those students who become tutors. So many sttiders ask a specific formation in software and

in didactic procedured.o improve the tutor training, we decide that each tutor becamespert on one of
proposed laboratory experiences. The training ends with a presentation of the experience made in front of the
teacher before the beginning of laboratory sessions. During this presentation, the teacher also discusses with
the tutor thadidactic aspects of the experiment.

All the technicians say that the didactic laboratory is a very interesting task; furthermore, they want a greater
didactic collaboration with the teachers (60%) in order to be familiar with the educational objeictiaasus
laboratory experience$herefore, we engage also the technicians, interested to deepen the didactic content of

A

the experiments, in the final step of tutorsod tra

Students substantially appreciate (80%) the laboratory team and the qtiaig¢erials offered on Moodle
platform. We note that autevaluation tests are a good instrument for student's preparation before the
experiments, but students considered them useful also for the preparation of the final exam (87%) and we note
a positivecorrelation between a good and regular execution of the muttigiee tests and examination
results A statistical analysis has shown which-esgerience questions are less clear. We have set up a review

of the questions and subjected the new versiores small sample to verify the clearness of the text, with
particular attention to the formulation of the incorrect answers. During the laboratory session, the teacher
shows and discusses with the student wrong answers in order to strengthen the affiechatic feedback.

Just at the start of the first period teacher informs the students that every partial evaluation is important for the
final one. Therefore, we want stimulate a regular study. We are now developing an appropriate evaluation form
to takeinto account all the partial results correctly.

The relationship with high school teachers is very important to support them in the hard work of moving their
student close to the physics laboratory activifidse starting situation revealed by the quastaire push us
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to share our formative thoughts with high school teachers, to encourage them to a greater use of laboratory
teaching, and in November 2017, we realiaecheeting where we have discussed with them the problems
encountered during laboratorgtivity.
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EFFECTIVITY EVALUATION OF EXPERIMENTS IN PHYSICS
EDUCATION BY MEMORY RETENTION
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Charles University in Prague

Abstract

Evaluating effectivity of various forms of experiments and practical work in physics lessons is a very complex
problem. The goals that we as educators would like teaely practical work are broad. Examining all the
aspects of practical work and evaluating them would be very difficult to do fiteichaical standpoint. It

would be very time consuming, challenging to implement in normal school courses and in turn very costly.
The aim of this study was a development of relatively simple method that would give insight into what
methodologies of pracicl wor k are effective in teaching high
upon the framework for considering the effectiveness of a practical task proposbdahyms andvillar

(2008), we believe that this information can be ascertained by imxgmwhich experiments students
remember and to what extent. We expect that more effective methodologies of performing classroom
experiments wil/ |l eave more permanent and compl e
experiments should not rbe remembered more often, but also to a greater detail. To this end a relatively
short questionnaire was developed, consulted with experts and piloted, that focuses on finding out what types
of experiments do students remember from the last six morfthiseiv physics education course. The
Questionnaire is constructed in such a way, that I
and therefore can be used across all school institutions and all school years without any modi¥ieditiays.

of the data can and should be increased by ¢efesencing gathered data with information gained by
interviewing the teachers of the respondents. Gathered data should also allow us to map what general types of
students exist in regard to thedfation to practical work and if certain methodologies are more effective when
used on different groups of students. Hopefully, these findings will give us some insight into what forms of
practical work are actually effective and if so, then on what éfstudents.

Keywords
Practical work, Experiment, Memory retention, Effectivity

INTRODUCTION

As stated above, the evaluation of effectivity of practical work as a teaching tool is a difficult issue. This is
due in no small part to the high expectations we as educators might have when introducing it in the classroom.
The goals we would like to a@hie by practical work are broad, as stated for example by Hodson (1990) and
Bennett (2004), and range from mere motivation to teaching good science practices. Research of practical
work effectivity in teaching all of these goals would be too complex,¢omeuming and in turn too expensive

to do. For that reason | decided to focus on only one of these goals and that is teaching conceptual knowledge.
Furthermore, there was no possibility for me to conduct a controlled experiment that would put sufficient
number of students through a physics course constructed in such a way that it would contain selected
experiments taught in ways we would also select while maintaining a control group. To find enough willing
teachers to partake in an experiment that wouldiredrom them so much additional work without any
monetary gain is nigh impossible. With these limitations in mind, | opted to conduct research in such a way,
that it would not require me to force the teachers to use preselected experiments and mathodolog
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THEORETICAL FRAMEWORK

As a basis for my work | chose the framework for considering the effectiveness of a practical task proposed
by Abrahams antillar (2008). In it he describes his model of the design process and evaluatipraofieal

tak as afour stage endeavour. My research focuses on the transition between the third and fourth stage, e.g.
bet ween HAwhat the students actually do as they
aconsequence of uAbdkamsaviidlarn2g08)t Howevet, hosvkcan yolu evaluate what
students learn, when you énontrol what topics are taught? This lack of curriculum control makes creation

of tests for evaluating particular concepts very difficult?

This issue had to be tackled froem di f f er ent angl e. Based upon the
cognitive domains, students should be able to recall and apply knowledge they learned. These two tasks can
therefore form a viable probe into students learning. However, question ireseduation of memory
retention can in turn help evaluate effectivity of an experiment. Our method is built upon the current knowledge
of inner working of human memory and memory loss of school knowledge. As stated by Semb and Ellis
(1994):

Any theoryabout loss of information learned in school should be more concerned about loss of semantic
content than episodic content

The same authors also write:

As new information is assimilated, existing knowledge structures/schemata should be modified and
exiended. For example, when prior knowledge is repeated during instruction, overlearning should occur.
This should result in higher levels of retentigBembg Ellis, 1994)

Since academic knowledge is ideally incorporated into a scaffolding of previoashedeknowledge and
interacts with it to form a coherent web of information, we expect an effective experiment to be linked with
knowledge taught in such neural scaffolding. Therefore, such experiment should help in recollection of the
knowledge taught andce versa. Complexity and quality of such mental construct should positively affect the
memory retention, therefore an experiment that teaches concepts effectively should also be more memorabile.

However, we acknowledge that even ineffective experimemitd be very memorable due to explosions,
soci al aspects and other novelty factors. So we ¢
asufficient sign of its effectivity as a teaching tool. Recollection of the experiment has to be adedmyiizin

the recollection of concepts involved and possibly with the ability to use those concepts.

RESEARCH QUESTIONNAIRE

In order to get enough teachers to volunteer themselves and their pupils for our research, its method had to be
implementable wittas little effort for them as possible. Therefore, a questionnaire was selectpdraarg

data gathering device. Measured data would be triangulated anetlexs®d by interviewing the teachers
afterwards. Additionally, the questionnaire for studerdd ko be relatively brief, or we would risk that
significant number of students wouldnoét anstvwer it
page limit was set with a 2@inute time frame in mind. The questionnaire was consulted withrtexged

went through two separate pilot runs. In its current final state it consists of two distinct parts.

Low-level retention

The first part and also the first page of the questionnaire maps the low level retention of experiments. Students
are asked toompile a list of experiments they remember from last six months of their current physics classes
and put each of them in a specific column depending on what methodology was used. Students are presented
with following classes.
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Table 1.Classes of experimés as used in the questionnaire

&
L3

[
»K

&

A B C D
Experiments Showing video recorded Laboratory work Laboratory work
performed experiment Significant teacher you manage your
by teacher (YouTube DVD, é ) supervision own work

This list is then evaluated in two ways. First and foremost, how many experiments from each class does this
student remember? And additionally, since the name of the experiment is constructed by the student, how
many of those names contain an idea or conae opposed to how many were based upon an observable
worl d. For example the same experiment was call ed
momentuni t r ac k , ball 6 by another. The usagethestbidera c on
forming a connection between that particular experiment and the scientific concept. This link between the
domain of ideas and the domain of observables is also peitlaifés framework

High-level retention

The second part of thguestionnaire deals with-eepth recollection, testing of conceptual knowledge and its
application. Students are asked to choose one experiment from their list which they believe they remember the
best. Chosen experiments are then searched for any gigsliike:

1 Chosen experiments aaeerd tecent

1 Were repeated the most

1 Were of particular class (A, B, C, D as above)

1 Were named using a concept

Students are also asked to fulfil following tasks:

1 List all the equipment that was used for that experiment

9 Describe their observations from that experiment

1 Name the concept shown by that experiment if there is any
1 Explain the shown concept

Gained information is then evaluated for its correctness and completeness. Since these are open ended
guestions, their eWaation is open to interpretation. To increase reliability of the results, all filled
guestionnaires are independently coded by two physics teachers (i.e. experts) in accordance with a written
codebook. Both evaluations are then crosschecked and anypdiscies are discussed until both coders are

in agreement.

PRELIMINARY RESULTS

The guestionnaire was deemed satisfactory after the second pilot run and therefore the data from this pilot
phase were incorporated i nt .dWhitedatawdradathereg tomfaout200 i n
students, they are in various phases of the coding process and so far none of them have been fully analyzed.
All the presented preliminary data (from around 30 subjects) are from the second pilot run. Sinda this da
come from a single class taught by one physics teacher, it should be noted, that these results may not represen
general school population. Because of that | opted to showcase only a few select pieces of data, data | find
interesting, instead of presem the whole analysis. That | shall publish at a later date when the statistical
sample is more significant.

First data | would like to present is an overview of the distribution of experiments listed in the first part of the
guestionnaire among theiraslses. Data are shownHig. 1.
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o,
X

H Performed by teacher m Video experiment

Lab work — Significant teacher supervision Lab work — Little to low teacher supervision

Fig. 1. Overview of the distribution of experiments listed in the first part of the questionnaire
among their classes

As you can see, there isndot any significantly pre
performing a laboratory work in class. When joined together, this newly created generatalasss 51%
of remanbered experiments. This conformith broadly accepted theory that lab work is more memorable
and possibly more effective as a teaching method. When prompted to select the baberethexperiment,
students genelgl chose experiments from the same classes as s&@n B Interestig is also a complete
avoidance of video experiments in the second part of the questionnaire. This leads neeeciedithey were
either very neffective in this particular class or difficult to describe and/or explaimratudn scarcely chosen.

Video
experiment;

0%

Lab work —
Little to low
teacher
supervision;
£ Lab work —
41% -
Significant
teacher

supervision ;
45%

Fig. 2. Distribution of experiments chosen as best remembered

Final data we present is the retention period of chosen experiments. Which in this particular setup means how
long it is since the students saw the chosen experiment. Given that memorpmettEwily decreases over

time, it would be logicato assume that without any other effects the best remembered experiment should be
the most recent one. However, data showRign 3 show that this is rarely the case. Students medeto
describeexperiments that were@monthsold. Actually, the most frequent time period was@nths.
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Fig. 3. Time since last exposure to an experiment that student selected as best remembered

This leads me to believe that when done correctly, practical veorkto a certain degree, overcome natural
memory degradation.

FUTURE PLANS

Data gathered from the live inquiry will be fully coded, triangulated for added reliability and analyzed. We
hope to map both the student types present in classroom in regaedpi@dttical work and the effectivity of
various elements of practical work. After the initial mapping is complete, | hope to follow it with additional
study that would selectively introduce different teaching methodologies into the lectures. The same
guegionnaire would be then administered to ascertain the effectivity of those methods.
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