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ABSTRACT

Information communication technologies (ICT) have made it possible to introduce Integrated e-Learning
(INTe-L) as a new strategy for teaching physics in engineering education. It is based on the methods
that the sciences use for the cognition of the real world. INTe-L utilizes the e-laboratory which consists
of remote experiments, e-simulations, and e-textbooks. Its main features include observations of real
world phenomena, possibly materialized in data and their evaluation, the search for relevant informa-
tion, its classification and storing. Only then come the explanation and the mathematical formalism of
generalized laws and their consequences. Essential to this method is the active part the student must take
in the learning process: in lessons, seminars, and laboratory exercises, but also his/her substantially
increased activity in form of projects, search for information, presentations, et cetera.

In this chapter, we present the outlines of the remote laboratory integrated in the INTe-L system, using
the Internet School Experimental System (ISES) as hardware and an ISES WEB Control kit as software.
We suggest an architecture for implementing remote laboratories, with data transfer across the Internet,
based on standard and reusable ISES modules as hardware and Java supported ISES software. The
Learning Management System (LMS) MOODLE turns out to be a highly effective means of organization
of physics courses. The first experience on teaching units Free fall (http://remotelab4.truni.sk), Simple
Pendulum (http://remotelab5.truni.sk), and Natural and driven oscillations (www.ises.info — see Remote
laboratory) is presented.
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INTRODUCTION

The physics teaching methods at secondary
schools and universities are at a critical stage in
their development. The traditional way of deliv-
ering physics in an overwhelming majority of
physics courses has characteristics we are familiar
with. Most of the class time involves the teacher
lecturing to students; assignments are typically
homework problems with short quantitative an-
swers. Seminars and especially laboratory work are
more or less “recipe” style, usually only loosely
bound to the time schedule of the lectures, and
examinations are largely based on written exams
containing theory and a bit of problem solving
(Wieman & Perkins, 2005). Over the past couple
of decades, physics education researchers have
studied the effectiveness ofthese practices includ-
ing extensive conceptual understanding, transfer
of information and ideas from teacher to student
in a traditional physics lecture, and beliefs about
physics and problem solving in physics (McDer-
mott & Redish, 1999; Adams, Perkins, Podolefsky,
Dubson, Finkelstein & Wieman, 2006; forreviews
with useful citations, see references in Wieman
& Perkins, 2005). The definitive conclusion is
that no matter the quality of the teacher, typical
students in a traditionally taught course are learn-
ing mechanically, memorizing facts and recipes
for problem solving, and are not gaining a true
understanding. Equally alarming is that in spite
of the best efforts of teachers, typical students are
also learning that physics is boring and irrelevant
tounderstanding the world around them, including
their future professions.

The impetus for the development of most new
emerging teaching technologies is the desire to
remove the barriers to students’ independent and
exploratory work in all sorts of laboratories for
the purpose of elucidating the real world (Wieman
& Perkins, 2005; Thomsen, Jeschke, Pfeiffer &
R. Seiler, 2005; Feisel & Rosa, 2005). The main
development, with few dissenting voices against
this trend, was to bring about a change in phys-

ics laboratories in the direction of substituting
research laboratories for the “recipe labs” (Domin,
1999). It is useful to refer to the1977 document
of the American Association of Physics Teachers
which formulated five goals the physics laboratory
should achieve (American Association of Physics
Teachers, 1990):

. The Art of Experimentation: The intro-
ductory laboratory should engage each
student in significant experiences with ex-
perimental processes, including some ex-
perience designing investigation.

. Experimental and Analytical Skills: The
laboratory should help the student develop
a broad array of basic skills and tools of
experimental physics and data analysis.
Computers, when used as flexible tools
in the hands of students for the collection,
analysis, and graphical display of data, can
accelerate the rate at which students can
acquire data, abstract, and generalize from
real experience with natural phenomena.
The digital computer is an important tool
for an inquiry based course in physics be-
cause it has become the most universal tool
of inquiry in scientific research. However,
computer simulations should not be used
as substitutes for direct experience with
physics apparatus.

. Conceptual Learning: The laboratory
should help students master basic physics
concepts. The use of computers with labo-
ratory interfaces allows real-time record-
ing and graphing of physical quantities.
The qualitative use of real-time graphing
in computer-based laboratories has in-
creased interest in using the laboratory to
enhance conceptual understanding. The
combination of two factors — laboratory
course design based on an understanding
of the preconceptions that students bring to
the study of physics from their past expe-
rience, and the continuing development of
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laboratory technology — has the potential
to significantly improve the effectiveness
of laboratory instruction.

. Understanding the Basis of Knowledge
in Physics: The laboratory should help
students understand the role of direct ob-
servation in physics and to distinguish be-
tween inferences based on theory and the
outcomes of experiments.

. Developing Collaborative Learning
Skills: The laboratory should help stu-
dents develop collaborative learning skills
that are vital to success in many livelong
endeavours.

Since 1977, ICT and computers have invaded
all aspects of physics teaching. The present state
of ICT development is characterized by the quan-
titative analysis of data in a way that leads to very
deep changes in qualitative understanding. In an
editorial to a recent issue of European Journal of
Physics devoted to student undergraduate labora-
tory and project work, Schumacher (2007) brings
examples of the intrusion of computers into con-
temporary laboratory work including project labs,
modelling tools, interactive screen experiments,
remotely controlled labs, etc., and closes with the
plausible statement, “One can well imagine that
project labs will be the typical learning environ-
ment for physics students in the future.”

The present discussion about new teaching
methods in physics is no longer directed towards
fundamental changes in learning processes due to
the new ICT, but rather how to introduce these
new techniques into everyday teaching practice
by establishing the resources of e-learning, cur-
ricula, etc. With this contribution, we intend to
contribute to this discussion, introducing new
technology and strategy for physics education
based on ideas that the sciences use for their study
of the real world—i.e. exploration, discovery and
ICT- the Integrated e-Learning.

The layout of the chapter is as follows. First,
we want to give the motivation and pedagogical

62

reasoning for INTe-L and how its components
- remote e-experiments, e- simulations and e-
textbooks - contribute to its goals. Second, we
want to introduce the architecture and modules
of the suggested scheme of remote experiments
using the Internet School Experimental System
(ISES) as hardware and an ISES WEB Control
kit as software. The simplicity and applicability
ofthe suggested architecture and INTe-L strategy
with the first pedagogical experiences are then
demonstrated by examples of teaching units in
Mechanics. In the outlook part of the chapter we
point out the preparatory steps of collaborative
remote experiments in LMS (Maiti, 2010; Bo-
chicchio & Longo, 2009), leading to the Socratic
laboratory envisaged by Hake (1998). We intend to
introduce the “short” and “ long” range feedback
by the usage of clickers in the lectures and seminars
within INTe-L strategy (Perkins & Turpen, 2009)
and on the other hand in tests, using the average
normalized gain <g> as the measure of the ef-
fectiveness (Hake, 2007) of the INTe-L process.

Motivations and Pedagogical
Reasoning for INTe-L

The first motivation for our work was very practi-
cal - the decreasing level of physics education and
the reduced popularity of physics subjects among
students. Physics is one of the most formidable
subjects in primary and secondary schools as well
as in technical universities, resulting not only in a
decreasing level of physics knowledge (McDer-
mott & Redish, 1999) but in decreasing hours al-
lotted to physics education. This trend, which has
lasted for two decades, might be attributed to the
way physics is presented to younger generations.

The second motivation for INTe-L came from
the inspiring papers of Wieman (Wieman & Per-
kins, 2005; Wieman, Adams & Perkins, 2008),
supporting and calling for a change in educational
technology, while seeing the remedy athand in the
existence of simulations. Towards this purpose,
the University of Colorado at Boulder started a
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very instructive Internet site PhET with many ap-
plets, covering the usual scope of physics topics.
Thomsen and his co-workers introduced a new
approach called e-LTR (eLearning, eTeaching,
eResearch) using remote experiments (Thomsen,
Jeschke, Pfeiffer & R. Seiler, 2005). Introducing
eResearch, based on the e - laboratory, which is
composed of remote Internet mediated experi-
ments, they filled the missing link of e-Learning
(Cikic, Jeschke, Ludwig, Sinha & Thomsen,
2007). Also very inspiring was the pioneering
of RCL (Remotely controlled laboratories) in
Kaiserslautern, Germany by Jodl (Grdber, Vetter,
Eckert & Jodl, 2008).

The third motivation came from our own work
over the last two decades in computer-oriented
hands-on experiments and remote experiments.
We realized that the existence of the computer
oriented experiments based on the ISES system
(see www.ises.info) and remote experiments built
on the same system (Schauer, Lustig, Dvorak &
Ozvoldova, 2008a) enable the introduction of
a new strategy of education utilizing these new
teaching tools. On top of this, for implementing
remote laboratories we suggest the use of standard
and reusable ISES modules as hardware and Java
supported pre-prepared ISES software.

We introduced INTe-L with the following
definition (Schauer, Ozvoldova & Lustig, 2009a):
“INTe-Listheinteractive strategy of teaching and
learning based on the observation of real world
phenomena by real e-experiments and e-simula-
tions and on the principal features of the physic
laws. It includes e-teaching tools as interactive
e-textbooks and manuals and instructions which
provide information and theoretical background
for the understanding and quantification of ob-
served phenomena”.

Itis fairtonote that the INTe-L introduced in our
laboratory and defined in this way has very many
common features of blended learning (Procter,
2003) by combining face-to-face instruction with
computer-mediated instruction. This terminology
has been refuted by some, pointing out that the

term may be used for almost any form of teaching
containing two or more different kinds of things
that can then be mixed (Oliver & Trigwell, 2005)
butnotstressing therole of remote experiments and
simulations. INTe-L differs substantially from the
process integrated e-learning introduced several
years ago (Jorgensen, Rolfsen & Krogstie, 2004)
stressing the role of practical activities only. The
integration of INTe-L into the teaching of physics
is very demanding, attainable only with the deci-
sive support of ICT as it is based on the following:
remote Internet experiments in e-laboratories for
real world phenomena observations (Grober, Vet-
ter, Eckert & Jodl, 2007); Java or Flash applets
in the form of e-simulations, as for instance in
PhET at the University of Colorado at Boulder
(http://phet.colorado.edu/new/index.php) for the
dynamic animations; and e-textbooks (Ozvoldova
et al. 2007; Schauer 2008b, INTe-L MOODLE
Course in the Faculty of Informatics, Tomas Bata
University in Zlin, Mechanics, http://vyuka.fai.
utb.cz/login/index.php). With this in mind, we
want to present the first results of the combined
effort of several universities in the Czech and
Slovak Republics with the integration of INTe-L.

Components of INTe-L

The components of INTe-L are, based on our
definition of INTe-L: remote e-experiments, e-
simulations and e-textbooks. Letus briefly discuss
these components.

Remote e-Experiments

This component includes remote (or possibly
hands-on) experiments. The technical achieve-
ments of ICT enable the construction of Internet
e-laboratories comprising a set of real interactive
experiments, globally distributed, accessible from
any Internet connected computer, using common
web services (such as a web browser).

Many real remote e-laboratories across the
Internet have provided experiments on real world
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Figure 1. Internet school experimental system (ISES): Hardware with the main panel, interface card
and incomplete set of modules (left); V-meter module - range 10 mV=10 V.; thermometer-range —20 °c

++120°c (right)

objects, supplying the client with the view of
the experiment, an interactive environment for
experiment control and resulting data for evalua-
tion. Three European activities increased interest
in remote physics laboratories: the project Pearl
“Practical Experimentation by Accessible Remote
Learning” (Cooper, 2005), the project Remote
Farm (Cikic, Jeschke, Ludwig, Sinha & Thomsen,
2007), and the pioneering undertaking - RCL (Re-
motely controlled laboratories) in Kaiserslautern
by Jodl (Grober, Vetter, Eckert & Jodl, 2008). The
acquired experience, an inventory of the state of
the art and corresponding references on European
and United States remote laboratories can be found
in these projects.

With our work, we wanted to combine these ef-
forts ina constructive way. We know, from our own
long-lasting experience, that once the university
or the department and/or their teachers decide to
build the remote experiments (RE), the main ob-
stacle is often not the financial requirements of the
RE but the LiLa-Library of Laboratories (http://
www.lila-project.org/) technicalities and the ICT
know how and the corresponding knowledge about
client-server communication. We offer a remedy
to this situation and provide help with available
hardware and software solutions enabling easy
construction of both computer-based real experi-
ments and their straightforward transformation to
the real RE across the Internet (Schauer, Lustig,
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Dvoték & Ozvoldova, 2008a). Theremedy is based
on the scalable building set for the construction
of natural science experiments, including phys-
ics - ISES (Internet School Experimental System)
(Schauer, Kuritka & Lustig, 2006) and ready to
use software for easy and simple creation of re-
mote experiments - ISES WEB Control (Schauer,
Ozvoldova & Lustig, 2009b). For a photo of the
ISES Hardware, see www.ises.info and Figure 1.

The ISES computer interface card, with the
inputs and outputs and the panel with plug-in slots
for modules, provides an easy way of interfacing
to virtually any PC-compatible computer. The
card contains a 12-bit analogue-digital digital-
analogue, time of conversion - 0.010 ms, DMA,
and universal control board and a set of sensors
(more than forty for physics, chemistry, biology,
etc.). The system offers the possibility of simul-
taneous measurement and data display for eight
input channels and process control via two ana-
logue and four binary output channels. The ana-
logue output channels work as programmable
voltage sources (DC, AC with eight kinds of
default signals, manual control or user defined
signals). A maximum sampling frequency (100
kHz) enables the study of sounds or other high
frequency signals. The ISES modules are easily
interchangeable. The service program, provided
with automatic calibration, automatically senses
their presence and adjusts range accordingly. The
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Figure 2. Examples of modular Java applets from
the ISES WEB Control kit as building tools and
blocks for remote experiments web control pages
(a) display, (b) control slide, (c) graph

21y (@
P ) b)

tas/s ( c)

system is equipped with such modules as, for
example: (Figure 1 left): voltage (10 mV +10V),
temperature (-20 °C ++120 °C), current (£0.5 mA
+ 1 A), resistance, capacitance, microphone, de-
viation sensing unit, adjustable preamplifier, light
stop, current booster, relay switch, pressure meter,
and many others. For chemistry, the electromag-
netic valve for liquids and digital burette have
been recently developed. The ISES service pro-
gram enables the measurement of ten different
channels (eight analogue inputs and two analogue
outputs) simultaneously as well as four binary
output channels. All these modules are fully pro-
grammable, using the programming panel. The
depicted quantities either by measured modules
or combinations of modules are arrived at through
addition, subtraction, multiplication, division etc.
The software provides data processing (integra-
tion, differentiation, fitting, approximation etc.).
Exporting the data to another graphical processor
is straightforward.

To enable classical server-client connections
with the data transfer from the server to the client
and vice versa for the control of the experiment
by the client (experimenter), we built the software
kit ISES WEB CONTROL (Schauer, Lustig &

Ozvoldova, 2007). The WEB CONTROL kit
creates an easy transformation of the computer
oriented experiment based on the ISES system
to RE. The software uses web services, web
pages and client side Java support based on the
copy-paste principle of the prefabricated building
blocks (Figure 2.). An example of the webpage of
a remote experiment is shown in Figure 3.

The general scheme for the creation of the
server-client connection using the software ISES
WEB CONTROL kit is depicted in Figure 4.

This approach enables the introduction of the
complex study of real world phenomena based
ondata collection, their processing and evaluation,
and comparison with models (see our e-laborato-
ries on www.ises.info (Prague) and http://kf.truni.
sk/remotelab (Trnava)).

e-Simulations

Within INTe-L interactive e-simulations play an
important role and support new teaching meth-
ods and students’ understanding of the solved
problem. The e-simulations and modelling using
both Internet available and home made Java or
Flash applets are indispensable parts of INTe-L.
They serve as demonstrations and explanations
of observed phenomena and functions of the
concomitant physics laws.

In our approach, we use applets, interactive
animations generated in Java applets with physics
contentknown as physlets. The Physlets collection
coveravariety of different exercises: illustrations,
explorations, and problems (Christian, 2004). An-
other excellent source of applets can be found on
the http://phet.colorado.edu web page (Wieman,
2002,2004). Surprisingly, the vast majority of ap-
pletsimulations do not provide data output, which
areneeded for comparison of real experiments and
models. For the multi-purpose simulation applets,
we prepared our own simulations with the data
outputs to support (or contradict) the measured
data with the model (Ozvoldové, Schauer, Lustig
& Dekar, 2008).
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Figure 3. The web page on the client computer of the real remote experiment “Natural and driven os-
cillations” with live web camera view, frequency controls, graph of the measured and transferred data
(http://kdt-17.karlov.mff.cuni.cz/pruzina_en.htm)
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e-Textbooks

The e-textbook covers theory, solved problems
and exercises, and includes a glossary for quick
orientation of the theory covered, and multiple-
choice tests with immediate evaluation of the
acquired knowledge (Ozvoldova et.al 2006,
2007a). Recently, a course in mechanics using
LMS MOODLE was introduced in the Faculty
of Informatics, Tomas Bata University in Zlin,
(http://vyuka.fai.utb.cz/login/index.php) using the
general scheme of INTe-L, i.e. e-remote laboratory

(www.ises.info), e-simulations and e-textbooks
(Schauer, 2008b).

MECHANICS VIA INTE-L

Why did we concentrate on mechanics using the
INTe-L strategy? Mechanics is the introductory
and utmost important physics unitbased on vector
analysis and calculus. One of the main reasons to
use INTe-L is to increase interest in the subject
matter (which is sometimes boring as students
openly declare). For INTe-L we needed computer

Figure 4. Schematic representation of the remote experiment setup with the Web server, Image Server,

Measure Server and HTTP Relay Server

peiment qriSerer .
Pinknet
— Server A
Server HTTP
] Server
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oriented either hands-on or remote e-experiments.
To our surprise, we could find very few remote
experiments on the web suitable for an introduc-
tory mechanics class, so we decided to build our
own remote experiments. Only afterwards did
we realize the main obstacle in building remote
experiments in mechanics — the need to construct
a simple dedicated small robot to execute simple
mechanical movements. Another problem we
encountered with some of the experiments was
their short duration times and the corresponding
dynamics of the experimental system and Internet
data transfer. In these instances the system ISES
was a great help, managing the data transfer with
a 100 kHz sampling rate. As a result, we built
PC-oriented experiments with quite different
time scales, Free Fall (experiment time 0,5 s),
Motion of a Body on a Horizontal and Inclined
Plane (experiment time 4 s - 6 s), and Simple
Pendulum and Oscillation (experiments time 1
s - 10000 s). Now we shall introduce three case
studies with remote experiments for teaching and
learning mechanics.

Case Study 1: Free Fall of a Body

The aim of this experiment is to study one dimen-
sional motion of a body in the gravitation field of
the Earth using the remote experiment Free Fall
(http://remotelab4.truni.sk).

A free fall experiment in a tube is a popular
experiment. It is based on the motion of a magnet
in a tube inducing electromotive force in the coils
distributed along the tube and giving correspond-
ing signals (Kingman 2002). It is used in many
modifications from asimplerecording of the signal
to the most sophisticated applications such as the
fall in conductive media, where the motion may
give surprising information on tube conductivity.

The first step was to build the hands on PC-
based experiment using the ISES system, enabling
both the hardware solutions (tube with coils ISES,
signal V-meter module ISES) and software support
(signal recording and data smoothing, processing

- recording of chosen typical data, fitting, etc).
Once the computer-based experiment was built, a
second step in creating the remote experiment was
needed - planning and programming the experi-
ment. The detailed time and logic scheme of the
experiment was, serving the proper functioning
of the experiment and establishing the classic
server-client connection with data transfer from
the server to the client and vice versa for the
control of the experiment by the client (experi-
menter). The drawn flow chard and software kit
ISES WEB Control fits this purpose, resulting in
the corresponding program and web page of the
remote experiment http://remotelab4.truni.sk with
live camera view and typical signal of the free
fall in air recorded by the ISES system (Schauer,
Lustig, Dvotak, & Ozvoldova, 2008b).

The most demanding task was to repeatedly
lift the magnets to their starting position. For this
purpose we devised and used an electromagnetic
vessel, depicted in Figure 5, (detail in the middle,
down), lifted by the screw driven by the step motor
(detail inthe uppermiddle). (Ozvoldova, Schauer,
Zovinova & Betio, 2009). Some technical details
of the remote experiment are shown in Figure 6:
the touch switch controlling the shut-down of the
step motor, the relay switch controlling the running
of the experiment and the control board with the
module for voltage measurements.

Kinematic Aspects of Free Fall

The time dependence of the displacement for a
falling magnet in a glass tube with nine evenly
distributed coils is seen in Figure 7. Students
can utilize the measured data to determine the
acceleration of free fall g and discuss the result
and its accuracy or to predict the changes with
the position of the experiment on the Earth or
other planets (http://www2.swgc.mun.ca/physics/
physlets/mars_fall.html).
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Figure 5. The remote experiment Free fall. (from left) The total arrangement and two details: The mag-
netic vessel lifted by the screw (lower), the step motor driving the screw, web page (to the right) of the
remote experiment with live camera view, and recorded time dependence of the displacement. (http://
remotelab4.truni.sk).
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Dynamic Aspects- Forces Acting on the cally indicated differences between the results of
Falling Object other experiments on the free fall, caused by the
presence of the dissipative forces (see Figure 8).
Before we started the transformation of the hands- We decided to introduce these dissipative forces
on experiment to the remote one, the detailed during the experiment artificially, to control and

evaluation of the data of the experiment systemati- measure them.

Figure 6. Technical details of the remote experiment (from left): The touch switch controlling the shut-
down of the step motor, the relay switch controlling the running of the experiment, and the control board
with the module for voltage measurements
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Figure 7. Time dependence of the falling magnet position with the acceleration of free fall g as an output
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The theory of the free fall in dissipative media
starts from the Newton differential equation of
motion. The general solution for the motion in
low pressure gasses (neglecting the buoyancy
force) with the solution for velocity time depen-
dence (assuming the positive direction for y is
chosen to be upward) is given by equation (1) and
for the motion in a viscous medium by equation

2)

d2 m .
m—y:mg—klv, = v(t):—g[le m}

dt2 k,
(1
2 k k
md—g =mg — k2v2,é v(t) = —,|— tanh Wi ]
dt mg m
()

where m is the falling body mass, ¢is the time and v
is the velocity, and k and k, are the corresponding
coefficients of dynamical friction. The electromo-
tive force time-graph for free fall in liquid shows
that the magnet is falling with constant velocity
due to forces acting upon it.

Figure 8. Free fall in a liquid
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The student will become familiar with the con-
cepts of kinetic energy, potential energy and total
mechanical energy and its conservation. He/she
can verify that the potential gravitational energy
of a freely falling object decreases while its ki-
netic energy increases and the mechanical energy
remains constant. These observations confirm that
ifthe only acting force on a systemis conservative
then mechanical energy is conserved.
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Case Study 2: Pendulum

The aim of the second experiment is to study
curvilinear motion in two dimensions using the
oscillatory motion of the simple pendulum based
on the remote experiment from http://remotelab5.
truni.sk, also called a mathematical pendulum
(see Figure 9).

A simple (mathematical) pendulum is a class
of experiment easy to implement and straightfor-
ward to demonstrate. The problems in deeper
understanding start when the educator tries to put
forward the mathematical formulation ofits move-
ment, not speaking about the concepts of the
pendulum dynamics or energy. On the other hand,
it is clear that the pendulum, even a simple one,
may bring vast information, covering kinematics,
dynamics of curved motion and its acceleration,
energy - both kinetic, potential and total me-
chanical - and the role of dissipative forces that
may be in this case minimized virtually to zero.
The obvious obstacle in this approach, especially
using the strategy of INTe-L, is the missing remote
experiment on the pendulum with the data trans-
fer with adjustable initial deflection and instan-

taneous deflection monitoring ¢ = ¢ (¢) (Schauer
& Majercik, 2009d).

The main idea of the reconstruction of the
instantaneous deflection angle is the measurement
of time representation of a couple of pull forces
measured by the ISES dynamometer modules
that correspond to the resolving of the pull into
two fixed directions. These two forces enable the
reconstruction of the instantaneous deflection
angle ¢ = ¢ (7). The technical details of the remote
experiment are visible in Figure 10. — from the
right top down, we see the ISES dynamometer, a
board with two dynamometers D1 and D2, opti-
cal gate, the unit for the initial deflection control,
and the module for setting the preselected initial
deflection. The most demanding task of the transfer
from hands-on to remote experiment was to give
the pendulum the preselected initial deflection.
This was accomplished by the module with the
step motor controlled motion (1), position sens-
ing resistor (2), and electromagnet fixed to the
moving trolley (3) (see Figure 10- right, lower).

Figure 9. Web page of the remote experiment Mathematical pendulum; the unit for the initial deflection
control and corresponding controls (left), graph of the instantaneous deflection with the labels of the

individual swings (right)
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Figure 10. Arrangement of the remote experiment and some technical details (vight from top to bottom)
- ISES dynamometer, - board with two dynamometers D1 and D2, - the unit for the initial deflection
control, - optical gate and — the unit for setting the preselected initial deflection(with the step motor
controlled motion (1), position sensing resistor (2) and electromagnet fixed to the moving trolley (3)

Kinematic Aspects of the Mathematical
Pendulum

The basic property of any curvilinear motion is
its non zero acceleration. This is due to the fact
that the direction of the unit vector of the veloc-
ity is not constant and changes with time. For
the determination of acceleration, it is necessary
to know only the radius of the circle (the length
of'a pendulum r) and angular velocity w(?) = dg/
dt, where the instantaneous angle of deflection ¢
(¢) is given by

¢ (1) = @, sin (Q1), 3)

where ¢, is its amplitude and Q2 is the angular fre-
quency of the oscillatory motion of the pendulum.

Q=2nf=—= |-, 4)

where 7 is the radius of the curvature of the
trajectory, f'is the frequency, T is the period and
g is the acceleration due to the gravity. The rep-
resentations of kinematics, dynamic and energy
quantities of the simple pendulum are in Figure
11 and the time dependencies of the tangential a,
andnormal ¢, components of the acceleration can
be seen in Figure 12.
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All quantities, describing the mathematical
pendulum, can be expressed in terms of the in-
stantaneous deflection

r=2m,¢=0.1rad, T=3s,m=0.1kg

The velocity v, the tangential @ and the normal
a_components of the acceleration are:

v=r [%] =r (¢OQ cos(Qt)) (5)
a, = % =ra= C:_t(? =— ¢, sin ()
(6)
And
a =rw’ = T[i—f] = r(¢, Q2 cos(Qt) )’ (7)

Dynamic Aspects of the
Mathematical Pendulum

Why does the simple pendulum move periodi-
cally? How can this movement be expressed in the
language of mathematics? Are we able to write the

equation of motion? In Figure 11 (middle) we can
see the corresponding forces acting on the weight
of the pendulum. For a simple pendulum we can
resolve Newton’s equation of motion 2F.=ma ,
where 2F, represents the vector sum of all the
forces acting on the body. In our case for

x axis: G sin (-p) = ma,,

@®)

yaxis: T- G cos (-p) =ma_, )
where m is the mass of the pendulum, 7 is the
pull in the suspension of the pendulum, G is the
weight of the mass m. (Notice that ¢ <0 in Figure
11.). For small angular displacements (¢, < 0.1
rad) we can write approximately sin (p) = ¢ and
the equation (1) then reads

¢ g

—=—Zy 10
dt’ T ¢ (10)
with the solution

o(1) = @, sin(Q), (11)

where the angular frequency of the oscillatory
motion of the pendulum Q is determined by
equation (4).

Figure 11. The supporting diagrams of the pendulum (from left) for: kinematics, dynamic and energy

elucidation
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Figure 12. Tangential and normal acceleration of the simple pendulum
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Using equations (7)—(11) we can write an im-
portant equation for the pull 7 in the suspension
of the pendulum

T=m g cos [¢, sin(Q )]+ m r [@,Q sin(Q ).
(12)

Energy Aspects of the
Mathematical Pendulum

Energy provides us with a simple method for de-
riving the expression that gives the velocity of a
mass undergoing periodic motion as a function of
position. The sum of the kinetic and the potential
energy for any value of the angular displacement
is constant and equals the total mechanical energy
(Figure 13).

2
muv

E +E = + mgh (13)
mr (¢UQ cos(Qt))2
— + mgr(l — cos (¢, sin(Q2t)) = const.

Timet(s)

For the pendulum height / above the reference
level (see Figure 11, right), this is

h=r(1-coso).

The increase in the potential energy AE equals
the decrease of the kinetic energy -A E| as shown
in Figure 13. The energy description of the pendu-
lum is suitably demonstrated by the University of
Colorado simulation(s) (http://phet.colorado.edu/
en/simulation/pendulum-lab), as well as Fendt’s
pendulum simulation (http://www.walter-fendt.
de/phl4sk/acceleration_sk.htm).

Case Study 3: Natural and
Driven Oscillations

The goal of the third experiment is to demonstrate
that oscillations constitute not only one of the most
important parts of mechanics but physics and sci-
enceasawhole, because the oscillatory movement
is the basis of nearly all natural phenomena. The
unifying model for real world systems may then
be the model mass-spring system constituting the
driven mechanical oscillator.

In our illustration of Integrated e-Learning in
the practical teaching process, the starting point
of the lecture on Natural and Driven Oscillations
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Figure 13. Time dependence of the kinetic E, and potential energy E of the pendulumr = 2 m, ¢ = 0,1

rad T=3s,m=0,1kg
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is the remote experiment of the forced oscilla-
tions. This is available across the Internet in the
e-laboratory projectat http://www.ises.info/ where
the student can find motivation, physical back-
ground, the schematic experimental arrangement,
an assignment with ten tasks, and more details of
the experimental arrangement. (A direct link to
the experimentis available at http://kdt-17 .karlov.
mff.cuni.cz/pruzina_en.html).

The web page for the real remote experiment
“Natural and driven oscillations” includes a live
web camera view, frequency controls, graph of the
measured data and the transferred data; shown in
Figure 3. Measured data gives information about
frequency, the instantaneous value of the driving
force, and the instantaneous deflection giving both
the amplitude of the forced oscillations and their
corresponding phase. The external driving force
frequency is continuously variable.

The usage of the experiment is many fold;
determining its own oscillation frequency, its
damping, the resonance, the amplitude and phase
transfer and energy transfer functions from the
source of the driving force to the oscillator. If
used in the students’ laboratory, the students are
encouraged to process the acquired data, find the
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physical quantities of the model oscillator, discuss
the obtained results, and critically assess the er-
rors of the measurements. Figure 14 depicts the
energy transfer function from the driving force
generator to the oscillator as a function of the
frequency of'the driving force, with two dampings
as the parameters. The students are encouraged
to find examples of the energy transfer in natural
phenomena and in technical applications.

Such experiments are especially useful for
self-study or during examinations, and may be
very useful for part time studies, where laborato-
ries are not standard.

Remote experiments augmented with virtual
simulations create great potential for diverse edu-
cation and individual learning support. Thatis why
afterreal experimentation come e-simulations. The
most frequently used simulation for oscillation is
the e-simulation compiled by Fendt (http://www.
walter-fendt.de/ph14e/resonance.htm). The Java
applet provides the simple schematic dynamic
view of the oscillator: its driving force (in the
simulation red) and weight deflection (in the
simulation blue) and the corresponding graphical
time representations. The adjustable parameters
are spring stiffness, mass of the weight and
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Figure 14. Energy transfer function from the driving force generator to the oscillator force with damping
as parameter (lower damping-upper curve and higher-lower curve)
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attenuation and driving force frequency. In this
simulation, nearly identical observations to that
of the above-presented remote experiment may
be carried out.

Often, we have utilized the PhET simulations
presented by University of Colorado, especially the
system Masses & Springs (http://phet.colorado.
edu/en/simulation/mass-spring-lab) with kinemat-
ics, dynamics and energy displays of the phenom-
ena (Wieman, 2004). For this purpose there are
three springs with several hanging masses (some
whose mass is unknown) with adjustable spring
softness and friction and different gravitational
environments. This applet provides ideas for
further discussion between students and teachers.

Discussion

In the three above-mentioned case studies we
have briefly outlined the utilization of the INTe-
L strategy. All units of INTe-L within the basic
course of physics were delivered to the students
of Informatics via the LMS system MOODLE
for easier studying. Remote experiments together

with virtual simulations were used in all instances
of teaching.
Teachers:

. In lectures: at the beginning of lectures
to stimulate student interest in the cor-
responding area of study, - as demonstra-
tion experiments without the necessity of
building experiments or demonstrations
delivered by the interactive, board or data
projector;

* In seminars: to introduce the problem
solved, - to formulate the problem tasks, -
to start group discussion;

*  During exams: students have to explain the
application of the theory and their under-
standing of the theory;

. Students:

e In seminars: students are connected via
PC to the Internet and to all remote labo-
ratories and to the MOODLE course of
Mechanics;

. In lab exercises: all experiments in our
remote laboratories are used as standard
laboratory exercises with goals and as-
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signments and laboratory reports in a
similar way as other hands on laboratory
experiments;

*  In project work: experiments are the top-
ics of the projects with the common goal
to prove (disprove) the operative physics
laws using data collection and then to eval-
uate and present the findings;

*  During self study: where the course mate-
rial is augmented with links to remote and
virtual experiments as a study aid in the
mastering of the theory.

During our courses we minimize the number of
experiments and simulations but try to keep them
in all forms of teaching. As we have found, the
prerequisites for the classroom usage of INTe-L
are the carefully prepared supporting materials, the
cooperative interplay ofall teachers and instructors
in lectures, seminars and laboratory exercises and
the perfect function of all components of ICT.

For feedback on the effectiveness of the whole
course we used the standard COLLES (Construc-
tivist On-Line Learning Environment Survey, see
Figure 15 forresults) which provided the possibil-
ity to express views about the INTe-L course. One
typical articulated view for all: “Learning with
real remote experiments and interactive simula-

tion was easier and more interesting, teaching
was more comprehensive.”

Students appreciated detailed instruction and
theory in every remote experiment as well free
access to the study material. The LMS system
allows better communication between the teach-
er and students and allows more time for
individual work with students. With the same
time allotted to both types of exercises, the stud-
ents calculated more tasks in the computer-
aided exercises.

Though it is still premature to summarize the
impact and the effectiveness of the teaching with
INTe-L technology based on remote experiments,
we adhere to the opinion that e-laboratories and
simulations can deeply improve the education in
physics. For this reason, we suggested the method
of Integrated e-Learning. The question arises, if
INTe-L solves the present difficulties in physics
teaching and complies with the findings, how do
physics education researchers furtherimprove the
education process (Mayer,2003). The prospective
methods of teaching, including INTe-L, should
comply with the general knowledge coming from
cognitive research that (Bernhard, 2001; Rubin
& Wenzel, 1996):

Figure 15. Results of standard COLLES inquiry on MOODLE course based INTe-L teaching strategy
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1. Students should be provided with a suitable
organizational structure, based on his/her
prior thinking and experience and starting
from their own research results. We should
not simply be pouring facts on them and
not addressing the simple questions “what”,
but rather “why”. On top of this, previous
knowledge must be carefully checked and
examined and possible misconceptions
dispelled. The ultimate goal in this respect
shouldbe active thinking, active exploratory
work, guided by the activerole of the teacher,
and conditioned by the double-sided interac-
tion of student — teacher.

2. Thetraditional teaching of “the rules” brings
excessive amounts of new material that is
far more than a typical person can process
or learn. The more cognitive load the brain
is given, the less effectively it can process
anything and at the same time it is blocked
from processing and mastering new ideas.
This is one of the most well established
and widely violated principles in education,
including by many education researchers in
their presentations. Any new method that
should bring remedy to the situation and
maximize learning should minimize the
cognitive load by minimizing the amount of
presented material. Presentations should be
well organized structures and make the link
to the already known ideas of the audience.

3. The third important criterion concerns the
students and public beliefs about physics
education and the importance of physics for
society. Ifthe beliefabout the purely abstract
nature of physics and its not addressing the
problems of the real world prevail, it deeply
influences the approach towards the physics
as a subject and the necessity of its mastery.

How does the INTe-L address these three cri-
teria? The first above-mentioned criterion is met
by-INTe-L from its starting point, observations,
irrespective of whether itis a traditional computer-

based laboratory, remote real e-laboratory across
the Internet or a virtual e-laboratory (Lustig,
Schauer & Ozvoldova, 2007). The real experi-
ments strongly support the examination of the real
world. On the other hand, the virtual laboratories
or simulations support an interactive approach,
employ dynamic feedback, follow a construc-
tivist approach, provide a creative workplace,
make explicit otherwise inaccessible models
or phenomena, and inspire students positively
(Finkelstein, Adams, Keller, Perkins, Wieman &
the PhET Team, 2006).

The cognitive load in INTe-L is limited by sup-
porting the individual comprehension processes
offering manifold accesses to knowledge and being
individually adaptive, offering significant advan-
tages in the individual rates of teaching progress.
Traditional teaching scenarios cannot satisfy this
requirement, particularly because of cognitive
capacity issues. INTe-L environments meet these
needs. The possibility of making abstract objects
and concepts tangible by application to real and
virtual laboratories demonstrates this qualitative
change in education and addresses the diminish-
ing of the cognitive load of students (Thomsen,
Jeschke, Pfeiffer & Seiler, 2005).

In the fulfillment of the third criterion, INTe-L
helps develop the qualities and skills the students
acquire studying physics courses for their future
study and professional careers. In practical teach-
ing it means avoiding assigning problems that are
graded strictly on a final number, or that can be
done by plugging the correct numbers into a given
procedure or formula. The fault in this common
approach can teach students that solving physics
problems is only about memorization and coming
up with a correct number, whereas reasoning and
seeingifthe answer makes sense areirrelevant. The
good news is that courses that make rather modest
changes to explicitly address student beliefs have
avoided the usual negative shifts. The INTe-L
strategy introduces the physics ideas in terms of
real-world situations or devices with which the
students are familiar; recasting homework and
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exam problems into a form in which the answer
is of some obvious utility rather than an abstract
number, making sense and reflecting explicit parts
of in-class activities, homework, and exams.

Technologies are a prerequisite for the con-
tinuous integration of internationalized studies:
transparency of course content forms the basis
for the international recognition of academic
achievements, eases the formulation of rules of
acknowledgement for studies in foreign coun-
tries, making a stay abroad considerably easier
to manage and realize. Geographical proximity,
previously a pre-requisite for intensive coopera-
tion, is diminishing in impact.

Application of new media and new technolo-
gies has resulted in a significant impact on re-
search. Today ICT is the technical foundation to
access scientific sources and data. Interdisciplinary
questions are getting more important and the pos-
sibility for interdisciplinary communication and
cooperation plays a significant role.

FUTURE RESEARCH DIRECTIONS

The examination of the effectiveness of INTe-L
is under way. For this purpose we apply stan-
dard pedagogical methods of inquiry and study
questionnaires, the log-in protocols in remote
experiments, and records of remote experiment
measurements. Our ultimate goal is to prepare
a basic physics course curriculum with the
above mentioned scheme, using the remote e-
experiments, e-simulations and e-textbook. For
this, the corresponding set of remote experiments
has been prepared in Prague (see www.ises.info)
“Standing waves in the resonator”, “Magnetic
field generation and mapping”, “Electrochemical
sources of energy”, and “Free fall in gasses and
liquids. ” These join those already functioning:
“Controlling of the liquid level”, “Monitoring the
environment in Prague”, “The electromagnetic
induction”, “The forced mechanical oscillator”,

9 <C

“Diffraction of micro-objects”, “the Heisenberg
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principle of uncertainty”, and “Characterization
of the photovoltaic device.”

A second e-laboratory of remote experiments
was builtat University of Trnava (Slovak Republic)
(http://kf.truni.sk/remotelab or http://remotelabV.
truni.sk, where N = 1, 2, ....5) Environmental
monitoring in Trnava N =1, Electrochemical cell,
N = 2, Energy transfer in oscillator (N = 3), Free
fall (N =4) and Mathematical pendulum (N =5).

Acthird laboratory is being constructed in Zlin,
where students of Applied Informatics at Tomas
Bata University have built their first ISES and
ISES WEB CONTROL KIT remote experiments
(see Water management http://195.178.94.141
and Photovoltaic cell http://195.178.94.142) and
studentphysics server (http://195.178.94.31). The
great advantage is the support of the university
authorities and the accreditation commission for
these activities. The infrastructure of the teaching
process must be changed accordingly. The whole
potential offered by the INTe-L will be realized
only if it is embedded in the existing academic
structure.

After several years of working with INTe-L in
practical teaching and learning we are engaged in
its improvement in three major directions, namely

. Increasing the bilateral and multilateral
communication teacher — student, student
- student(s) in all forms of education as
proposed by Hake in his Socratic pedago-
gy (Hake, 1998; 2007), but especially by
adding collaborative features to MOODLE
along the lines suggested in (Bochicchio &
Longo, 2009) using the principles of the
Web Collaborative Laboratory.

. Embedding the remote laboratories in
the collaborative lab activities (Maiti,
2010), using the principles of Computer-
Supported Collaborative Learning.

. Increasing the “short range” feedback in
lectures by introducing the voting system
(“clippers”) as suggested by e.g. (Perkins
& Turpen, 2009). The only problem to be
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solved is the capacity of the system for
150- 200 students in the class resulting in
awkwardness in operation. The feedback
in seminars has been introduced by class
management system, as every students
working place in a typical physics class
(and laboratory as well) is equipped with a
web connected PC. We intend to introduce
systematically as the measure of the aver-
age effectiveness of a course in promoting
conceptual understanding the average nor-
malized gain <g> defined as the ratio of the
actual average gain (%<post> — %<pre>)
to the maximum possible average gain
(Hake, 1998).

CONCLUSION

Our work utilizes the ISES system to combine
remote e-laboratories together with simulations
are transforming physics education... In general,
INTe-L complies with the general criteria physics
educationresearchers suggest for the effectiveness
of the education process:

1. INTe-L provides a suitable organizational
structure, based on the student’s prior think-
ing and experience.

2. INTe-L reduces the cognitive load by
supporting the individual comprehension
processes offering manifold accesses to
knowledge and being individually adaptive.

3. INTe-L positively addresses the widely-
held beliefs about physics education and
the importance of physics for society. ICT
supported education via real remote ex-
periments together with interactive applets
definitely increases students’ interest in
science and technical disciplines and real
world phenomena.

4.  TheINTe-Lapproach supports development
of the ability to solve real problems and
creates an attractive and more interesting
method of delivery of acquired knowledge,

which can be used in an active manner
among students.

INTe-L, as a new strategy of education based
on e-experiments calls for deep changes in the
university life as the infrastructure of the teach-
ing process must be changed accordingly. The
fulfillment of the whole potential offered by the
INTe-L may be employed only if it is embedded
in the academic structure.
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KEY TERMS AND DEFINITIONS

Dynamics: Deals with the motion of bodies
due to exerted forces.

Integrated e-Learning: (INTe-L): The in-
teractive strategy of teaching and learning based
on the observation of real world phenomena by
real e-experiments and e-simulations and on the
principal features of the physic laws. It includes
e-teaching tools as interactive e-textbooks and
manuals and instructions which provide informa-
tion and theoretical background for the understand-
ing and quantification of observed phenomena.

Kinematics: The study of the motion of bod-
ies, without asking for the reason for the motion.

Learning Management Systems (LMS):
A software application for the administration,
documentation, tracking, and reporting of training
programs, classroom and online events, e-learning
programs, and training content.

Mechanics: A partof physics that deals with the
study of the interactions among bodies by forces.

Physlets: Interactive computer simulations
concerning natural science problems, especially
Physics, introduced by W. Christianand M. Belloni.

Process-Integrated e-Learning: A teaching
process, where a closer integration between learn-
ing and work is achieved by rather simple means
such as course design, organizational knowledge
management, and information system customiza-
tion. In this sense it has nothing to do with INTe-L
proposed by the present authors.

Socratic Dialogue Inducing Courses: Phys-
ics courses with various innovations emphasizing
interactive engagement of students as opposed
to the traditional method. The basis is the set of
questions that helps to shape and formulate the
hypothesis concerning the observed phenomenon.
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