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PREFACE 
 

The Proceedings present selected contributions from the international conference GIREP Seminar 2016, 

organized by GIREP vzw organization and the Faculty of Physics, Astronomy and Applied Computer Science 

at the Jagiellonian University, Krak·w, Poland. It was our great privilege to host GIREP members and friends 

in the year of the 50th Anniversary 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 of GIREP during the last 

half-century. 

 

The general seminar topic Research-based proposals for improving physics teaching and learning ï focus 

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 place, and in particular 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 the old-time GIREP meetings ï with keynotes, oral 

presentations and poster presentations focused on six themes, followed by in-depth discussions in small groups 

of researchers and practitioners in sessions led by leaders of six Working Groups (WG). The contributions 

from six keynote speakers, widely respected in the community of physics education, as well as 

a comprehensive variety of oral and poster contributions, offered an unforgettable occasion for a fruitful 

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 Courses. Presentations 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 Laboratories, rarely addressed 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 their bachelor and master studies. 

Modern Physics topics 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. Contributors taking part in discussion tried to answer the question how to translate complex 

theories and highly-advanced experiments into language understandable and appreciated by less advanced 

students.  

 

Since a modern laboratory can barely be operated without 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 environments, simulation and 

modeling tools, virtual laboratories and open sources. Self-regulation, reflection and collaboration in digital 

learning environments in context of lab work were discussed. WG4 Conceptual Lab and Mathematization 

addressed theories, models, and empirical 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 experiments and strategies to promote 

conceptual development throughout laboratory activities. A broad meaning of the term mathematics that 

includes all kinds of structuring and ordering physical processes: using abstract methods like idealization and 

modeling, as well as 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 teachers to search for non-standard 

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 topic was the core of WG5: Assessment 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 appreciation of its beauty starts when 

observing usual but at the same time ï amazing phenomena around. Traditional laboratory environment is 

extended nowadays beyond the lab space. Experiments are shown and tried out during numerous shows, 

festivals and other experiences outside the classroom, including those organized by institutions other than 

schools. Simple experiments should serve as the ignition of ideas, concepts and the notion for development of 

intuition in physics, not only at early ages, but across entire education. There aspects of learning, additional to 

traditional education, were the point of discussion in WG6: Low 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 a double-blinded peer-review, 

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

the content of this contribution. As the result two publications are issued, the book Focusing on Lab to improve 

Physics Teaching and Learning. Research Based Proposals, published by Springer and GIREP Seminar 2016 

Proceedings book, presented here. 

 

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

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

We sincerely thank the members of the Advisory Board and colleagues on the Local Organizing Committee 

for their dedication and commitment to this event. We are also deeply thankful to all reviewers, Working 

Group Leaders and the Head of all Leaders, Dr. Ian 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 Prof. Paul Black who joined the anniversary day 

of GIREP with his special talk on-line and to Dr. Seta Oblak and Dr. Zofia Golab-Meyer for their contribution 

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

 

We would also like to thank all the participants of the GIREP Seminar 2016, for submitting proposals, advance 

preparations for discussions and sharing their ideas with the GIREP community. We hope that these 

Proceedings will give the reader an opportunity for deeper comprehension of the Laboratory Work aspects to 

improve physics teaching and learning. 

 

 

Krak·w, Poland                      Dagmara Sokoğowska 
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TEACHING PHYSICS IN XXI CENTURY. WHY AND HOW  
 

Ğukasz Turski 

 

Center for Theoretical Physics of the Polish Academy of Sciences, Warsaw, 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 past we would have called education. 

 

Fifty years ago our civilization was that of vinyl records, Walkman and MP3 era was yet to come, electronic 

watches and wireless phones were only in the Dick Tracy cartoons and the James Bond movies. Computers 

were behemoths 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 limited though often important scientific output.  

 

Fifty years ago the world was heavily breathing under the weight of the Cold War, regaining semi-balance 

after the President Kennedy assassination and the Chairman Khrushtschev forced resignation. France was 

struggling with relocation of almost 900 thousands of ñmigrantsò from Algeria and mopping out the rest of 

OAS. The new seeds of terror cancer were growing in Germany and Italy. The sounds of guns from Vietnam 

were not yet bothering us too much. 

 

In spite of all that ñthe Westò was rich and happy but soon this state of illusionary tranquility was shattered on 

streets of Paris with student revolt which had derailed education system of those times. The system which was 

essentially the continuation of ñthe business as usualò inherited from the pre-war Europe. Major consequence 

of that Paris spring was that the era of experiments in education based upon preconceived ideological 

ñprinciplesò has begun. The best description of those attempts to invent new education was ridiculed by 

comedian and mathematician Tom Lehrer in his song ñNew Mathò1 ï ñthe important thing is to know what are 

you doing rather than to get right answerò. Politically motivated system of tests was slowly but persistently 

taking over, first schools and 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, which throughout the last years of the previous century were already slowly and 

quietly reshaping the future of the mankind. The bogus Y2K catastrophe, predicted for the 2000-2001 night, 

was quickly forgotten and the lesson from it has never been learned. Meanwhile, progressing like the bushfire, 

the process of moving all our essential activities on-line 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 I have been showing the picture, taken by my nephew, during the New York 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 was equally important as food or water.  

 

Todayôs family, with two junior-high age kids, is typically using four smartphones. A rather conservative 

estimate of yearly electric energy share of the smartphone, in support of the network and world cloud system 

ï we can neglect minor energy use for charging ï is roughly the same as that of a modern refrigerator. That 

family is surely completely unaware of that although it will be unable to exist, socially and professionally, 

without access to the Net. Imagine what will  happen when, eventually, someone will ask them to pay the bill? 

                                                      
1 Tom Lehrer. New Math. https://www.youtube.com/watch?v=UIKGV2cTgqA 

https://www.youtube.com/watch?v=UIKGV2cTgqA
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In spite of taking hours of physics in high schools and possibly in college they were never properly thought to 

understand the energy flow in the contemporary society. 

 

In that completely different 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 at that time phenomena with classical physics. They failed 

since what was needed was a different science and a different language. Eventually that new science ï quantum 

mechanics and relativity theory were established changing world forever. That is precisely what we need 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. Physics is 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 Vladimir Arnold back in the XX century2. 

 

Physics is today the only science which amalgamates qualitative 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 theoretical model. That way of understanding phenomena is what is needed in 

copying effectively with the current civilization transformation. Other attempts result in not rational but chaotic 

activities generating more entropy 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 Program3. It assumes that problems to be solved are picked by active individuals 

depending on his/her interest from the pool of issues provided by natural and social, cultural and political 

environment. That program, applied to education, reverberates XVIII century Johann Pestalotzzi ñteaching 

child not a subjectò program. We should allow a pupil to pick up problems according to his or her talents and 

interest and then use that knowledge wisely to steer that person throughout the long process of education. That 

requires individualization of education, not 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 necessary it is available 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 peta-bytes of information and noise of the Network. Because effective filtering of information is 

exactly what we do in physics and since most of the problems of today are physics-related that 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 just one of many subjects included in the school 

curricula the way we teach it should change. I have already mentioned conservation of energy. Probably every 

program of high school physics contains exposition to the conservation of energy and basis of thermodynamics. 

In spite of that, the concept ñrenewable energyò is 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 implies 0.5 l 

of 95 octane gasoline and that this tiny amount is further partially lost by whatever devices we invent to use it, 

because thermodynamics laws are so ñcruelò is not generally understood, not only by politicians.  

 

                                                      
2 V. Arnold. On Teaching Mathematics. cf for example http://pauli.uni-muenster.de/~munsteg/arnold.html 
3 Gerald Holton. Science and Anti-Science Harvard University Press, Boston 1993 see also http://issues.org/16-

1/holton/ 

http://pauli.uni-muenster.de/~munsteg/arnold.html
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A brief check of the Tesla cars add page4 provide information, given by the 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 by averaged 

mileage covered we can easily estimate that switching to Teslas would require increase of electricity 

production of a country by huge percentage (in Poland about 15 to 30%). That would be a disaster to a country 

electric grid, unless it will be considerably improved.  

 

We cannot prepare the future generations for the Ăall electricò world unless we will teach them science, 

particularly physics, differently than today. The founding father of the electric revolution of previous century, 

Carl Proteus Steinmetz, was aware of that when he was preparing courses for his students in Union College. 

His ideas echo in words of Thomas Friedman and Michael Mandelbaum5.  

 

Learning to repair the engine of an electric car, or a robotic cutting tool, or a new gas-powered vehicle 

that has more computing power that the Apollo space capsule ï these 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 that in addition to fundamental facts like 

Coulomb interaction, Kirchhoffôs and Ohmôs laws we have finally to include into high-school curricula 

Maxwell equations. For in the world which is now immersed in the electromagnetic radiation, form the sun 

light to Bluetooth generated waves connecting all the smartphones, laptops etc. in this lecture hall, knowledge 

of the properties of the electromagnetic waves is of 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 is a fantastic tool to transport energy and extremely ineffective way of storing it. The knowledge of 

that is required for all citizens of XXI century who have make a decision on how in the 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 modern teaching of electricity and magnetism will 

have to abandon beautiful and pretty useless, for today discussion, XIX century experiments, they have to be 

replaced by modern experiments showing all the same properties of the electromagnetic field. The ghost of a 

one Farad, a giant metal sphere, should be either replaced with the capacitor Earth ionosphere ï ground or be 

buried with all required honors. I would like to ask this conference how many students, you teach, know how 

the super-capacitor, in my few dollarsô worth watch, works. Just the basic principle.  

 

The return of physics teaching to its usefulness begins in the school laboratory. Only by giving students the 

chance of doing lots of modern experiments we will be able to show them, that it is impossible to do those 

experiments and subsequently build ñthingsò we use daily, without thorough knowledge of the fundamental 

laws, like the conservation of energy I was just talking about. 

 

We should also renew the pool of experiments we do in schools. We have to stop fearing experiment with 

radioactivity in schools. Knowledge of radioactivity is an anathema in todayôs curricula, an absurd in the time 

when our medical colleagues are using antimatter in every day practice (PET devices). Irresponsible choice of 

the radioactivity units result in the fact that seven or so kilo-becquerels 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 radiologist attendants 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 
5 T. L. Friedman and M. Mandelbaum. That Used to Be Us. How America Fell Behind in the World It Invented and 

How We Can Come Back. Picador, New York (Kindle edition). 

https://www.tesla.com/
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There are many areas of classical physics, whatever that means in the XXI century, which are wrongly 

presented in schools. For example the notion of entropy is so crucial in understanding contemporary 

informatics, how the MP3 or other compressing algorithms work etc. I do not even mention the basis of 

quantum information processing. That last idea might revolutionize the world beyond the common tale about 

Schrºdinger cat. Do we teach that at all?  

 

Most of mechanical devices function because of friction. How many thousands of students are finishing their 

school or college education with the wrong Ăconvictionò that friction force T is always equal of ɖN, where N 

is the force exerted perpendicularly to the surface and ɖ is the friction coefficient?  

 

Essentially all the facts about things I have mentioned can be found in the Net. Most 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 true. Wikipedia, unfortunately, is not as dependable source of information as the Wolfram Alpha. 

Not all the e-education materials are of the quality of Khan Academy. 

 

IT proliferation had changed our life. One of the area of education where, I believe, the use of the IT should 

be restricted, is the school laboratory. I strongly oppose the replacement of real experiments with the beautiful 

computer simulations and/or YT presentations. Computers can and should help us to do experiments better 

and analyze their results but should never replace the experiment. I 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 dollarsô worth tools available in the Raspberry Pi project, together with that computer by itself, 

are excellent in helping students to build 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 experimentïthat means 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. 

 

I believe knowledge of physics is important as a basic tool for understanding the world. Three years ago my10 

years old grandson took with him for vacation, we were spending together, the book suggested by his teacher 

ï The Adventures of Tom Sawyer. I noticed that he did whatever possible to avoid reading it. He confessed that 

he found that book dull. He was reading the paper edition of the book. I promptly provided an electronic 

version of it and we started to read it using the quality book-reader on one of our tablets. The book had Ăopened 

upò. I found that the children, here in Poland, asked to read that book are unaware from where it comes , and 

what is the meaning of, the Samuel Clemens literary pseudonym ï Mark Twain. So we used the ability of the 

reader to search the Web for notions marked in the text and we started to explore first the notion ï Mississippi. 

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

boats and ships. For example why those boats have the paddle-wheel on the back in contrast to the boats, say 

on the Vistula or Rhine. Soon the question of the positioning of the boilers on those boats became an issue of 

discussion and simple experiments we did with breakfast frankfurters, etc. We also had to resolve the problem 

of the book translation into Polish, 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 I used the book from the 

primary-school children bookshelf as the tool to teach several ñsubjectsò6. A few days ago, during the yearly 

conference for 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 way of reading books. 

This time we used one of the rhymes for children by Polish poet Jan Brzechwa ñThe Nutò in which a lawyer 

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 enters through the window and crushes the nut shell and eats the kernel. All those 

unsuccessful attempts to crush the nuts can be used to introduce the meaning of the word hard, the method of 

                                                      
6 L. 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. Fragments included in the interview with Anita Czupryn in Polska the 

Times http://www.polskatimes.pl/artykul/1074970,prof-turski-bez-pana-tadeusza-nie-mozna-zrozumiec-tego-co-sie-w-

polsce-dzialo-i-dzieje,id,t.html. 
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measuring hardness of materials (one of the attempts to crush the nut by a blacksmith 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 rodentôs bite power. That last issue allows to introduce the concept of 

allometric relation, basic in nature but not mentioned in school education (the strength of rodent bite is related 

to the body mass of rodent by power law with the same exponent for hundreds of rodents investigated).  

 

I believe I have made my points pretty clear. I 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 I have got it, John Dewey Democracy and Education: an 

Introduction to the philosophy of education. It says: 

 

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 their definitions, 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 Ăscienceò instead of learning the scientific way of treating the familiar material of ordinary 

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, biologyïincluding that of our own genome structure and have 

possibility of making this world a place of plenty and as peaceful as possible. Nevertheless we are facing the 

migrants problem, on the scale similar to that fifty years ago , which we cannot handle with our technical 

means surpassing anything available to our predecessors. We 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 whatever changes in climate 

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

 

That Education system we have now failed us. The point is to build a new one. In that new system the main 

goal should be a better understanding of nature surrounding us, for the changes in it, irrespectively 

anthropogenic or caused by natural phenomena, will soon influence the way we live on a scale we had not 

envisage when the atomic energy was harnessed and transistors were build. This goal cannot be achieved 

without improving the understanding of basic rules the nature works according to and the basic rules through 

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

can create truly educated 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 human live-the freedom. 

 

 

 



 

 

 

 

 

 

 

 

 

PART I I  
 

EXPERIMENTAL LAB  

IN INTRODUCTORY PHYSICS COURSES 
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Abstract 

Many students have problems when it comes to describing the shapes of displacement, velocity and 

acceleration-time graphs (x, v, a-t graphs), conversion of graphs from one form into another, and calculating 

and getting the meaning of slopes and areas under kinematics 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 Group Two: 20 students) 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 graphs; conversion 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 ñTest of Understanding Graphs in Kinematicsò (TUG-K) before and after the introduction of the 

use of MBL tools, simulations and graph samples. Studentsô scores were compiled and converted to mean 

proportion scores and average normalized gain ộgỚ, under the four concepts ñArea under the graph (meaning 
and calculation); Slope (meaning and calculation); Graph description; and Graph transformationò. The results 

indicate that the first year university students in the two groups all did better in describing the shapes of 

kinematics graphs, transforming kinematics graphs, calculating 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 interactive engagement 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 graphs were representation 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 activity, used as teaching 

materials for students to work with. In teaching graphs and during most kinematics physics experiments in 

Ghanaian university contexts, students are mostly made to plot x-t, v-t or a-t graphs. Teachers usually extend 

their teaching by asking students 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 kinematics graphs, conversion 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 shapes of graphs, find 

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 to help students describe and transform kinematics (x, v, a-t) graphs, 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. Results of the 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 teaching will improve on their knowledge in kinematics graphs.  

 

RESULTS FROM EARLIER STUDIES  

 

Graphical representations are important in studentsô physics education, especially during physics practical 

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 (graph-as-picture), in which they expect the graph to be 

a picture 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 one direction 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 velocity-time 

graphs resembling the shapes of the tracks or hills, rather 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 by the height of the graph with 

velocity represented by the slope of the graph in a position-time 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 common difficulties 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 origin, others 

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 connotes (Planinic, Milin-Sipus, Katic, Susac & Ivanjek, 2012). For example, students 

find it difficult to appreciate the fact that the slope of the velocity-time 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 areas under kinematics graphs and could explain what these areas refer 

to. For instance, majority of students could not infer that the area under acceleration-time graph refers to the 

change in velocity of the particular object the graph is about (McDermott et al., 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 and forms integral part of experimentation, which is the 

heart of science (Chambers, Cleveland, Kleiner &Tukey, 1983; McKenzie & Padilla, 1986). Graphs can 

provide a structured overview of the entire problem situation while still allowing details to be resolved. It has 

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 will help 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 interfaced with computers 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 tool used is called ñCoach 6ò. It is a tool which is distributed by the CMA Science in Amsterdam for the 

active integration of computers in Science and Technology Education, with the view that this learning tool 

gives the science learner power to explore, measure 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 position-time graphs to 

velocity-time graphs to acceleration-time 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 engagement teaching to improve studentsô understanding of kinematics graphs in 

a group of first year physics students in a Ghanaian university.  

 

The research question is:  

ñCould MBL tools, simulations and graphs samples used in interactive engagement teaching lead to studentsô 

conceptual understanding of kinematics graphs?ò 

 

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 questions. The purpose of using these activities has been summarized in Fig. 1:  
 

 

 
 

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. Thirty-seven (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 the 11th-week 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 beamers/projectors. 

The course was taught by one of the researchers. The research instrument used to gather data was the Test of 

Understanding Graphs in Kinematics (TUG-K) (Beichner, 1994).  

 

METHOD  

 

Students were made to answer (pre) TUG-K a day before the teaching of graphs. During the day of lesson 

students were made to answer a concept quiz based on description of position-time graph, transformation of 

position-time graph to velocity-time graph and calculation of gradients. The question is shown below. 

Examine the movement of an ant running back and forth along a line in the graphs below. 
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 i. Give a brief interpretation of the position-time graph using the movement of the ant. 

 ii. Transform the position-time graph of the ant into a velocity-time graph. 

 iii. Determine the gradients of the various movements of the ant: t = 0-2 s, 2-3 s, 3-6 s and 6-7 s. 

 

Transcription of how some students described the graph 

1. George: Em!! The first part the, the antôs velocity was decreasing, and then it increased. The velocity then 

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 describes the question (conceptual reasoning question).  

 

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 velocity-time graphs (A, B, C, or D) most accurately portrays the 

motion of the ball as it rolls up the hill and comes down? 

 

 
 

Transcription of studentsô explanations to the choice of their answer revealed that they see graphs as 

pictures (GAP) 

4. Class (responded): ñAò. 

5. Teacher: Anybody with different answer?  

6. Students: (responded) no sir.  

7. Teacher: You all chose ñAô. Why ñAò?  

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

opposite direction, it will be in southwards direction. 

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 backé 

 

The next activity was the interactive teaching, where students in groups of four were made 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 displacement-time graphs, velocity-

time graphs and acceleration-time graphs of the motions below by their movement; 

¶ standing still; students analyze and describe the displacement-time graphs, transform it to velocity-time 

graphs and acceleration-time graphs of the motion by comparing the shapes of graphs.  
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¶ moving at constant speed in a specific direction; students analyze and describe the displacement-time 

graphs, transform it to velocity-time graphs and acceleration-time graphs of the motion by comparing the 

shapes of graphs.  

¶ moving away and coming back at constant speed; students analyze and explain the shapes of the 

displacement-time graphs, transform it to velocity-time graphs and acceleration-time graphs of the motion 

by comparing the shapes of graphs.  

¶ moving away and coming back with different speed; students analyze and explain the displacement-time 

graphs, transform it to velocity-time graphs and acceleration-time graphs of the motion by comparing the 

shapes of graphs.  

¶ moving away, stopping and coming back; students analyze and explain the displacement-time graphs, 

transform it to velocity-time graphs and acceleration-time graphs of the motion by comparing the shapes 

of graphs.  

¶ students were made to walk some already plotted x-t and v-t graphs. 

 

By the use of simulations, students predicted and practiced curved x-t graphs and their transformations to v-t 

and a-t graphs. For example 

¶ students were made to study different dot diagrams of x-t motions with a changing velocity (curved graphs) 

and their transformations to v-t and a-t graphs. Thus positive and negative changing velocities (slow to fast 

and fast to slow) were considered. http://www.physicsclassroom.com/ 

¶ They were also made to enter different values for initial position (m), initial velocity (m/s), acceleration 

(m/s2) and time (s). Students were made to study the shape of the position time graph and transform the 

shapes to v-t and a-t graphs. http://www.physicsclassroom.com/ 

 

Students were made to calculate for the slopes and areas of already plotted graphs. Thus 

¶ students were made to practice and determine the value of slopes of a straight line graphs in x-t and v-t 

graphs (graphs starting from origin and graphs not starting from origin). They were to determine what they 

were finding (velocity, acceleration).  

 

 
 

¶ students were made to practice and determine the areas under the straight line graphs of velocity-time 

graphs. They were to determine what they were finding (total distance/displacement).  

 

  
 

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 answers (Reflection). All 

the students opted for ñDò as the graph that accurately portrays the motion of the ball 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 context. Some examples are given.  
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1. (a) Describe the following graphs.  

(b) Convert graphs 1, 4, 9, 10 & 11 into velocity-time and acceleration-time graphs. 

 

 
 

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

 

Graph Slope Area under the graph 

position versus time ééééééé. ééééééééé.é 

velocity versus time ééééééé. ééééééé.ééé 

acceleration versus time ééééééé. éééééééééé. 

 

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 antôs displacement.  

(ii) Calculate the gradients of the 1st graph from t = 0-2 s, 2-3 s, 3-5 s and 5-7 s. 

 

    
 

Students were made to answer Post TUG-K questions the day after the close of the lesson. The mean proportion 

scores of studentsô Pre TuG-K and Post TUG-K were used to calculate the Hake gain for each Group. The 

Hake gain values were compared for the Two Groups 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, simulations and the use of already plotted graphs in the context of interactive engagement 

teaching in understanding of kinematics graphs. TUG-K is a multiple-choice standardized test, which consists 

of 21 questions with students common misconceptions as distracters. It is designed to assess studentsô 

kinematics graphing abilities. Students used 30 minutes in answering the questions in each session, due to 

some quantitative problems involved in calculating slopes and areas under graphs. TUG-K instrument was 

grouped into four main concepts under graphs and students mean proportion pre and post scores were 



 GIREP 2016  

14 

calculated under these concepts: (i) Area under graph (ii) Slopes (iii) Graph description (iv) Graph 

transformations. 

 

RESULTS 

 

To answer the research question, students were made to answer pre and post TUG-K questions. The mean 

proportion scores were used to calculate the Hake gain of students and presented in table 1. Studentsô mean 

proportion scores were calculated under the mentioned concepts and presented in tables 2, 3, 4 and 5.  

 

Table 1. Mean proportion correct scores of Pre TUG-K, Post TUG-K, and Gain 

 

Group N 
TUG-K 

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) 

 

 

Studentsô mean proportion scores in pre TUG-K was lower as compared with their post TUG-K. This 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 proportion scores of post TUG-K. 

Also, the average normalized gain, gà ð, was about 0.6, which falls within Hakeôs medium-g courses, 

0.7 ( g ) 0.3> ² , which is a typical range for average effectiveness of courses in promoting conceptual 

understanding (Hake, 1998). Hake developed his score for FCI but not for TUG-K, and along the same line 

we extended his way of calculation for TUG-K gain scores. The mean proportion scores of the two Groups 

were comparable. 

 

Table 2. Comparing studentsô mean proportion correct scores in Pre and Post TUG-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 TUG-K of both year groups was relatively lower as compared with that of 

their Post TUG-K. This indicates studentsô lack of understanding in areas under kinematics graphs at the 

beginning of the lesson. However, relatively higher mean scores of Post TUG-K show that concept of areas 

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

 

Table 3. Comparing studentsô mean proportion correct scores in Pre and Post TUG-K- in slope (meaning and 

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) 

 

 

Studentsô Pre TUG-K scores in both year 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 calculating for the values of the slopes. Also, mathematics items in slopes 

are less difficult for students to solve (Planinic, Milin-Sipus, Katic, Susac & Ivanjek, 2012). However, their 
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post scores were relatively higher, which is an indication that the intervention was helpful in enhancing 

studentsô understanding.  

 

Table 4. Comparing studentsô mean proportion correct scores in Pre and Post TUG-K- in Graph description 

 

Concept TUG-K Que. No. Group N Pre (SD) Post (SD) 

Graph description 3, 8, 9, 12, 19 & 21 Group One 17 0.22(0.02) 0.68(0.12) 

  Group Two 20 0.20(0.02) 0.68(0.07) 

 

 

Studentsô Pre TUG-K scores in description 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 TUG-K after the lesson. This shows that the intervention in describing graphs might have had a positive 

effect on studentsô graph description (Thornton & Sokoloff, 1990).  

 

Table 5. Comparing studentsô mean proportion correct scores in Pre and Post TUG-K- in graph transformation 

 

Concept TUG-K Que. No. Group N Pre (SD) Post (SD) 

Graph transformation 11, 12, 13, 14, 15 & 19 Group One 17 0.14(0.03) 0.70(0.05) 

  Group Two 20 0.18(0.03) 0.70(0.05) 

 

 

Studentsô Pre TUG-K mean proportion scores 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 interventions 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 kinematics graphs in the physics 

curriculum of a Ghanaian university. We noted more studentsô participation in class, high interactions among 

the students and also between the students and the computer. Students had high and almost equal gains in both 

year groups, which 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 we cannot exactly 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 of graphs and 

also calculating for their values, description of graphs and graphs transformations. The difference of Post-

TUG-K and Pre TUG-K mean scores in both year groups was an indication that studentsô understanding in 

graphs have improved. Thus students had better understanding of kinematics graphs after the instructions in 

kinematics graphs with the use of MBL tools, simulations and graph samples. 
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Abstract 

Introductory physics courses for future physics teachers serve various, often quite ñdivergentò purposes. On 

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 insight and ñintuitionò, skills necessary for doing experiments etc. Often, the 

development of such conceptual understanding and necessary skills is aimed also ñat university levelò, 

assuming that students know the basics from secondary schools and have some experience with at least 

elementary experiments. Moreover, it is often assumed that students themselves will see the link between 

ñsecondary school physicsò and ñuniversity physicsò. However, often this is not the case and future teachers 

complain that there is a large gap between physics at those two stages. To help students reduce this gap we 

created two optional seminars: Electricity and magnetism step by step and Optics step by step. These seminars 

give students better understanding of physical concepts as well as some basic methodical comments for their 

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

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

 

Keywords  

Teacher Training, Electricity and Magnetism, Optics, optional introductory courses  

 

 

INTRODUCTION  

 

Our students ï future physics teachers ï have special physics lectures since the first year of their university 

studies. In the second semester there is a lecture (and seminar) on Electricity and magnetism. Students learn 

ñthe university physicsò here, calculate different problems, etc. However, (about ten years ago) we found that 

students are able to successfully pass exams from this topic, but they have problems with very elementary 

tasks ï to light up a bulb only with a battery, to connect parallel circuit etc. This was the main impulse which 

initiated a new seminar Electricity and magnetism step by step. The second seminar was opened two years 

later at studentsô request, because they considered a ñstep by stepò seminar as very useful also in Optics. 

 

MAIN GOALS OF THE SEMINARS  

 

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

should there: 

¶ build bridges between ñuniversity physicsò and physics taught in junior and senior secondary schools in 

their minds and/or make such bridges stronger 

¶ experience teaching and learning physics that is strongly based on simple experiments they do by 

themselves. 

 

Of course, these two goals are interconnected: students should learn how simple experiments relate to relevant 

physics theory and should be able to illustrate such relations. 

 



 GIREP 2016  

18 

Moreover, seminars also give students a very good opportunity to become explicitly aware of some important 

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 and, 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 lectures. They 

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. 

They find that they have problems with this test; usually none of them are able to solve all tasks without 

mistakes. We know that students have many ñempty placesò in their minds, but because each of them has 

different ñempty placesò, it has no sense to try only refilling missing knowledge. It is necessary to build 

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 similarly 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 elements and 

methodical comments for studentsô future teaching at school. In spite of the fact, that students have about four 

years of studying ahead of them and they usually have little idea about their future work with pupils, we 

consider those comments as very important. 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 seminar Electricity and magnetism step by step includes four main topics ï magnetism (permanent 

magnets and their field, magnetic field of the Earth), electrostatics (properties of the charge, electrical 

conductivity and electrostatic induction), electric circuits and electromagnetism (magnetic field of the wire 

and coil, mutual influence of a magnet and a conductor with current, electromagnetic induction). In the seminar 

Optics step by step we 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 1 ï Several Tasks From The Introductory Tests 

 

¶ Design and describe an experiment which shows that there are two types of electric charge. You can use 

a plastic rod, a container with a leaf of aluminium foil, insulation pad, and fur.  

¶ Solve and give reasons for your decision: How does the ammeter reading change when the switch is closed?  

 
¶ 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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¶ Point A lies on an optical axis of a magnifying lens (not between the lens and its focus point). Find 

geometrically the image of the point A. 

¶ 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 2 ï Electric Circuits  

 

The results 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 concept of a complete 

circuit. They also need to understand multiple representations of the circuit to deeply understand its behaviour, 

(e.g. Osborn, 1983; McDermott & Shaffer, 1992). Therefore we spent several hours going through the whole 

methodological sequence, which helps students to build the concept of electric circuits using multiple 

representations. This sequence was described in details in Dvorakova (2013b).  

 

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 

a battery (use a piece of wire if necessary) and try to make 

it glow. (Exp. 1). 

 
2. Draw a picture which describes the arrangement of your 

experiment. 

 
3. Connect the bulb to the battery through as many things  

as possible at the same time so that it glows (work in 

pairs). (Exp. 2) 

 
4. Sketch how the experiment looked (using 4 ï 5 pieces is 

enough). 

Describe the common properties of things you used in the 

Exp. 2. 
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5. Draw different situations, where the bulb is connected to 

the battery, yet it does not shine (crazy ideas). 

 
6. Teacher shows circuit diagrams to represent circuits. 

Teacher shows tables for describing the state of switches 

and bulbs. 

 

 S B1 B2 

0   

1   

7. Students work with real bulbs, switches and batteries and 

build assigned circuits. 

 
 

Fig. 1. First activities from the methodological sequence Electric circuits 

 

 

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 possibilities for further conclusions. 

 

Example 3 ï 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: 

¶ Reflect the sunlight to the given place using one plane mirror. 

¶ Reflect the sunlight to the given place using two plane mirrors. 

¶ Light up a piece of paper using a concave mirror. 

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

 

 
 

Fig. 2. Outdoor activity during the seminar Optics step by step 
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MORE THAN MOSAIC OF EXPERIMENTS  

 

Examples presented above could possibly raise an impression that the core of the seminars is just a ñmosaicò 

of simple experiments, perhaps loosely connected with parts of theory. 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 junior secondary level by one of 

authors ï so students are, partly ñimplicitlyò and partly openly, being prepared for teaching of these topics. 

This ñhorizontal structureò of the seminars is supplemented by ñvertical connectionsò to formulas, quantities 

and theory students learn in university lectures. (As it was mentioned, the lectures are taught in the same 

semester as the ñstep by stepò seminars.) 

 

The very important aspect of the seminars concerns the fact that learning students experience there is inquiry-

based. (It 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 colleagues etc. Therefore, later in their teaching carriers, students can use 

methods they experienced there as ñtemplatesò in their own teaching. 

 

FEEDBACK FROM STUDENTS 

 

Though no formal tests or quantitative surveys were done at the end of seminars, various forms of 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 older classes 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 are used to choose and acknowledge ñbest educatorsò 

of the Faculty ï 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. Letôs present here just a few examples of studentôs views: 

 

I think that this seminar prepares us very well for our future teaching career. I appreciate that we solve all 

problems at the level of students of junior secondary school, to be able to explain them physics in their own 

words. 

 

The style of teaching was very inspiring. é It forced us to think. 

 

I surely recommend it to clarify oneôs knowledge. We did a lot of experiments and tried to explain them. 

 

Very good seminar from optics, it really makes sense. It is good to connect optics from lectures with physical 

ñplayingò with lenses, prisms etc., seminars are supplemented by thinking about interesting phenomena 

and instruments. é anyway, the seminar is an excellent choice. 

 

Apart from these views expressed several weeks after the end of each seminar there is also a long-lasting 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 all this 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 really go into details would 

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 already and you are willing 

to share experience, you can contact us for further details. 
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Abstract 

After the investigation on studentsô perception towards the laboratory activities, presented at GIREP-MPTL 

International Conference 2014 (Marocchi, D. & Serio, M., 2015), we conducted a new analysis concerning the 

aspects of support and enhancement of the teaching activity in 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 laboratory experience. 

 

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 study. We 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 aspects seem to 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, etc...  

 

In this paper, we examine the formative impact of student-tutors and of technicians, which in laboratory are 

complementary to teachers. Students, although they sometimes regret the possibility of managing 

autonomously the practical part, are well aware of 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 tools in on-going and 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 academic year 2015-2016 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 in laboratory 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. 

 

 



 GIREP 2016  

24 

STUDENTSô OPINION 

 

The laboratory course proposed to our first year students lasts overall six months, with two periods each lasting 

ten weeks and a central pause of four weeks. The contents are a theoretical part on óstatistics and data analysis 

techniques and a laboratory part with twelve laboratory experiencesô. The purpose of the experimental part is 

double: it gives both the possibility to apply statistical methods to real data (instead of doing theoretical 

exercises on not-real data) and to verify some important laws presented 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 experience are often the outcome 

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 course. A second important objective of the laboratory activities is to increase the ability 

of working in-groups, to organize the work, and to reflect on the obtained results. 

 

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

of each module. The laboratory course of the first year at Turin University is very demanding: 12 ECTS out 

of 60, which is the total number of ECTS required during the completely academic year. The difficulty is even 

higher given 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 high school. 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 activity results 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 (Fig. 1).  
 

 

 
 

Fig. 1. Studentsô opinion on availability of tutors and teachers 

 

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

¶ the development of practical activities (such as the ability to correctly use scientific instruments, to properly 

measure and estimate the error to be associated, to graphically report the results, to critically review the 

results of the statistical analysis);  

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

¶ the weight of the course, in terms of time and personal student work;  

¶ the appropriateness of lessonôs contents for the performance of the experiences. 
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A. Practical skills development 

B. Please Type of experience 

C. Autonomy in managing the experiment 

D. Duration of experience and analysis 

sessions 

E. Time to devote to drafting reports, 

compared to the number of ECTS 

F. Appropriateness of lesson contents for the 

performance of experience 

 
 

Fig. 2. Studentôs opinion related to general aspects of laboratory activities 

 

 

Some aspects (Fig. 2) 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 of the laboratory experience. Our considerations as regard 

these critical points are: 

¶ 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 writing after the teacher correction. In fact, it often 

requires revisions concerning not only numerical data but also linguistic expression in the scientific field.  

¶ As for the autonomy, taking also into account the poor experience of the students and the complexity of the 

used instrumentations, the proposed experiences require a tutor for the experimental part and the presence 

of the teacher for the robust analysis phase.  

¶ Appropriateness of the explanations provided during the lessons is a very delicate point. The theoretical 

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 operational 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.  

¶ A self-assessment questionnaire was prepared for each experience with 5-6 multiple-choice questions and 

immediate feedback. In the questionnaire are non-present open questions because they require a longer time 

for compilation. Questions concern the goals of the experience and some of the operating procedures 

presented in the lessons. The student must answer the questionnaire before going to the lab. Students also 

evaluate this self-assessment activity: 80% of them (Fig. 3) consider the self-assessment questionnaires and 

the feedback useful to help the review of the lessons. The questionnaires are now under review to improve 

clarity. 
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A. are useful for recalling the crucial points 

presented at lesson 

B. need too long to answer 

C. are not clearly expressed 

D. feedback is useful to understand errors 

E. more open questions would be helpful 

 

 

Fig. 3. Studentôs opinion on self-evaluation questionnaires regarding laboratory experiences 

 

 

 
 

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

 

 

Finally, we investigated some organizational aspects of the laboratory (Fig. 4): the logistic arrangement, the 

group-working 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, during the 2015-2016 

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 report 

in a concise but complete way what 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 useful during the analysis phase, the discussion 

of results and the critical conclusion of the work. 

 

TUTORSô OPINION  

 

Tutors are bachelor or master students in Physics who receive a scholarship to assist students in the laboratory 

practical tasks, since teachers cannot follow all the students at the same time.  

 

During the academic year 2015-16, half of the student-tutors 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 technical 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: half of the student-tutors think to be not able to 

explain the importance of some measure procedures (50%), or to clarify the in-depth analysis (88%) that 

students are requested to do, or to have the correct didactic approach.  

 

The work of the student-tutor does not 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 student-tutors ask a specific formation in software and 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 specific training on didactic aspects because they are interested in understanding better the work of 

a teacher. These answers reveal the usefulness of this experience for their future working choices. 

 

 
 

Fig. 5. The figure shows the different type of request from students to tutors during first  

and second part of laboratory course 

 

With regard to the differences observed during the two course modules (Fig. 5), tutors reveal that during the 

first part of the laboratory sessions they often have to encourage students 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 the presence and efficiency of technical staff during the laboratory sessions (71%), and 

the availability to give further indications (83%). Tutors have noticed the revised laboratory-sheets (100%), 

the clarity of instructions (83%), and the availability of the 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.  

 

TECHNICIANSô OPINION 

 

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) the correct preparation of instruments and ii) the technical formation of tutors (Fig. 6).  
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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 (100%), they also 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 objectives of various laboratory experiences. Furthermore, technicians (80%) propose to have 

a wider 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 activity in laboratory, we inserted in 

the questionnaire for students several questions on laboratory materials and on procedures 

 

Students think (80%) that the didactic material (available on e-learning platform Moodle) has good quality and 

that it is complete (Fig. 7). 

 

 
 

Fig. 7. Studentsô opinion 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 factor for the success of the experience. Some 

instruments used in didactic environment are self-evaluation tests, online exercises, open questions, etc. In 

particular, students have the possibility, before the laboratory session, to read the monograph, which reports 

the physics of the experience and some technical procedural notes. This material is available on-line. Among 

the students, 90% use the monograph and 82% answer to self-evaluation tests, 72% reads lesson notes and 

64% asks for information from other students that have previously done the same experience. 
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In order to test the competences acquired, we have prepared multiple-choice on-line tests for every experiment: 

students had to answer to these questions before the laboratory session. Feedback helps (87%) students 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 not 

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 prepared to laboratory. The tutors (83%) who noticed an 

improvement in studentsô competence after the use of multiple-choice tests have confirmed this impression 

also. 

 

We thought the auto-evaluation 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 some students 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 multiple-choice tests and examination 

result. Table1 shows that all the student of the course that had 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 result; Fig. 8 shows the results 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 well-done auto-evaluation tests (course A) 

 

number of well-done 

tests 

number of valuation:  

30 cum laude 

0 0 

1 to 3 0 

4 to 5 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%), but part of the students (25%) encounters difficulty to 

complete the reports during the didactic period. 

 

 
 

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

 

We have examined, through a questionnaire offered to 150 students, student-tutors and technicians, the 

importance of all the professional people involved during didactic laboratory sessions. The results of the 

questionnaire have stimulated a reflection on formative activity, so we have introduced some 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. For 33% 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 this reason, students 

have many difficulties in writing the reports. To support them in this task, we have prepared for the first 

experiment an online format in which student can insert data, results, comments, and in-depth analysis. We 

organized the format in sections that correspond to the different items of a scientific report, so it can help as a 

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. They can 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 use. During the pause between the first 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 an e-logbook easier to manage. The high number of students attending 

the course is currently the greatest limitation of this solution. 

 

The work of the student-tutor not only acts as a help for teacher and for technical staff, so the use of student-

tutor has to be encouraged. There is a common understanding (71%) that it can also be an important formative 

training for those students who become tutors. So many student-tutors ask a specific formation in software and 

in didactic procedures. To improve the tutor training, we decide that each tutor becomes an expert 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 the didactic 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 objectives of various 

laboratory experiences. Therefore, we engage also the technicians, interested to deepen the didactic content of 

the experiments, in the final step of tutorsô training. 

 

Students substantially appreciate (80%) the laboratory team and the quality of materials offered on Moodle 

platform. We note that auto-evaluation 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 positive correlation between a good and regular execution of the multiple-choice tests and examination 

results. A statistical analysis has shown which pre-experience questions are less clear. We have set up a review 

of the questions and subjected the new versions to a 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 effect of automatic 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 take into 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 activities. The starting situation revealed by the questionnaire 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 realized a meeting where we have discussed with them the problems 

encountered during laboratory activity.  
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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 to achieve by practical work are broad. Examining all the 

aspects of practical work and evaluating them would be very difficult to do from a technical 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 practical work are effective in teaching high school studentsô conceptual knowledge. Based 

upon the framework for considering the effectiveness of a practical task proposed by Abrahams and Millar  

(2008), we believe that this information can be ascertained by examining which experiments students 

remember and to what extent. We expect that more effective methodologies of performing classroom 

experiments will leave more permanent and complex imprints in the studentôs mind and therefore these 

experiments should not only be 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 months of their physics education course. The 

Questionnaire is constructed in such a way, that it doesnôt specifically work with any part of physics curriculum 

and therefore can be used across all school institutions and all school years without any modifications. Validity 

of the data can and should be increased by cross-referencing 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 their relation 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 type of students.  

 

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 achieve 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, time consuming and in turn too expensive 

to do. For that reason I 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 would require from them so much additional work without any 

monetary gain is nigh impossible. With these limitations in mind, I opted to conduct research in such a way, 

that it would not require me to force the teachers to use preselected experiments and methodologies.  
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THEORETICAL FRAMEWORK  

 

As a basis for my work I chose the framework for considering the effectiveness of a practical task proposed 

by Abrahams and Millar (2008). In it he describes his model of the design process and evaluation of a practical 

task as a four stage endeavour. My research focuses on the transition between the third and fourth stage, e.g. 

between ñwhat the students actually do as they undertake the taskò and ñwhat the students learn as 

a consequence of undertaking the taskò (Abrahams & Millar, 2008). However, how can you evaluate what 

students learn, when you canôt control 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 from a different angle. Based upon the first levels of Bloomôs taxonomy of 

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 arises if evaluation 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 theory about 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 

extended. For example, when prior knowledge is repeated during instruction, overlearning should occur. 

This should result in higher levels of retention. (Semb & Ellis, 1994) 

 

Since academic knowledge is ideally incorporated into a scaffolding of previously learned knowledge 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 and vice 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 memorable. 

 

However, we acknowledge that even ineffective experiments could be very memorable due to explosions, 

social aspects and other novelty factors. So we conclude that pure memory retention of an experiment isnôt 

a sufficient sign of its effectivity as a teaching tool. Recollection of the experiment has to be accompanied with 

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 with as little effort for them as possible. Therefore, a questionnaire was selected as a primary 

data gathering device. Measured data would be triangulated and cross-checked by interviewing the teachers 

afterwards. Additionally, the questionnaire for students had to be relatively brief, or we would risk that 

significant number of students wouldnôt answer it seriously or even answer it at all. For those reasons a two 

page limit was set with a 20-minute time frame in mind. The questionnaire was consulted with experts and 

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 to compile 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 experiments as used in the questionnaire 

 

A B C D 

Experiments 

performed  

by teacher 

Showing video recorded 

experiment  

(YouTube, DVD, é) 

Laboratory work ï 

Significant teacher 

supervision 

Laboratory work ï 

you manage your 

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 concept as opposed to how many were based upon an observable 

world. For example the same experiment was called ñA truck and a ballò by one student and ñConservation of 

momentum ï track, ballò by another. The usage of a concept in the name can be symptomatic of the student 

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 part of Millarôs framework. 

 

High-level retention 

The second part of the questionnaire deals with in-depth 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 similarities like: 

¶ Chosen experiments are\arenôt recent 

¶ Were repeated the most 

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

¶ Were named using a concept 

 

Students are also asked to fulfil following tasks: 

¶ List all the equipment that was used for that experiment 

¶ Describe their observations from that experiment 

¶ Name the concept shown by that experiment if there is any 

¶ Explain the shown concept 

 

Gained information is then evaluated for its correctness and completeness. Since these are open ended 

questions, their evaluation is open to interpretation. To increase reliability of the results, all filled 

questionnaires are independently coded by two physics teachers (i.e. experts) in accordance with a written 

codebook. Both evaluations are then crosschecked and any discrepancies are discussed until both coders are 

in agreement. 

 

PRELIMINARY RESULTS  

 

The questionnaire was deemed satisfactory after the second pilot run and therefore the data from this pilot 

phase were incorporated into the data gathered in the ñliveò inquiry. While data were gathered from about 200 

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. Since this data 

come from a single class taught by one physics teacher, it should be noted, that these results may not represent 

general school population. Because of that I opted to showcase only a few select pieces of data, data I find 

interesting, instead of presenting the whole analysis. That I shall publish at a later date when the statistical 

sample is more significant. 

 

First data I would like to present is an overview of the distribution of experiments listed in the first part of the 

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

among their classes 

 

 

As you can see, there isnôt any significantly preferred class. However, two of the classes represent ways of 

performing a laboratory work in class. When joined together, this newly created general class occupies 51% 

of remembered experiments. This conforms with broadly accepted theory that lab work is more memorable 

and possibly more effective as a teaching method. When prompted to select the best remembered experiment, 

students generally chose experiments from the same classes as seen in Fig. 2. Interesting is also a complete 

avoidance of video experiments in the second part of the questionnaire. This leads me to believe that they were 

either very ineffective in this particular class or difficult to describe and/or explain and in turn scarcely chosen. 

 
 

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 memory retention slowly decreases over 

time, it would be logical to assume that without any other effects the best remembered experiment should be 

the most recent one. However, data shown in Fig. 3 show that this is rarely the case. Students preferred to 

describe experiments that were 1-6 months old. Actually, the most frequent time period was 3 months.  
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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 work can, to 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 regard to the practical work and the effectivity of 

various elements of practical work. After the initial mapping is complete, I hope to follow it with additional 

study that would selectively introduce different teaching methodologies into the lectures. The same 

questionnaire would be then administered to ascertain the effectivity of those methods. 
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