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Abstract 

Primary role as teachers is to acquaint students with basic scientific process from data capture through their analysis to the 
evaluation. How to younger generation can we close to experimenting if we see the rapid development of ICT? We need this fact  
interest for the benefit of our goals and forms of remote real experiments and freely accessible. Creation of the 1st Slovak e -
laboratory we build a way for such dissemination and e-Laboratory are freely accessible on the web site 
http://kf.truni.sk/remotelab. Beneficial effect of experimentation is show in this paper.  
© 2012 Published by Elsevier Ltd. 
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1. Introduction 

The role of dissemination of theoretical and practical knowledge, not only in the scientific community, can make 
view, especially the young generation, on technical solutions in the field of science can be radically changed. How 
else to ensure the rise of scientific outputs other than popularization of scientific approaches During this semester 
expires research where experiments have been included in the teaching process, and the results show positive 
evaluations from students evaluating the remote experiments.  

The main possibility, for changing this trend is, to bring the change in the approach in physics teaching and 
laboratories, if we use remote experiments. The same should go for the students of distant education. But, on the 
contrary, the laboratory work in the first terms of physics in technology oriented universities is hardly available and 
physics education concentrates on lectures and seminaries only. Therefore one of the possible solutions was to 
introduce the remote experiments (RE) and remote experimentation delivered from e-laboratory. RE is a new and 
progressive tool for physics and technical subjects teaching [1] [2].  

Surprisingly, very little has been devoted to the pedagogy and psychology of RE in teaching. Remote 
experiments characterized by a combination of interactive elements of control, text, changing the physical values is 
suitable apparatus in the form of education, while the teachers become consultants and learning becomes more 
motivating. Similar argument also provides Najjar [3] that ICT and related experiments in distance education as an 
appropriate means to retain attention and for achievement required aims. 
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2. Basic of remote experiment on http://kf.truni.sk/remotelab 

All RE are based on the Internet School Experimental System (ISES) as the physics instrumentation hardware 
and ISES KIT for the client-server Internet communication (ISES is to be found in more detail in [4]). Only to 
mention the outlines, ISES is an open system working under Windows. The computer interface card, with the inputs 
and outputs and plug-in slots for modules, provides an easy way of interfacing to virtually any PC compatible 
computer. The ISES modules are easily interchangeable, their presence and adjusted range is automatically sensed 
by the computer, and with the automatic calibration of the modules. The system is equipped with modules as A-
meter, V- -meter, conduct meter, thermometer, and microphone, deviation sensing unit, adjustable 
preamplifier, light stop, current booster, relay switch, and many others. ISES in this way ISES provides the physics 
hardware for the easy design of a nearly arbitrary hands on experiment from physics, recently from chemistry or 
biology.  

We have concentrated on the Electricity and Magnetism in our project of a complete set of remote experiments. 
Because the present praxis was to concentrate in distant education courses of Electricity and Magnetism only on 

virtual (as opposed to a real one) laboratories, our approach is a little bit different.  
The students measure real experiments via internet. In the web page of experiment students can measured and 

evaluated measured data. All the same they can measure any time, where is suitable, and the materials with physical 
background is available on page with experiments.  

3. Physical background 

The simple physical background representative a simple circuit in which a battery of emf  and internal 
resistance Ri drives a current I through an external resistor of resistance. The external resistor is usually referred to 
as the load resistor R. It could stand for either an electric light, an electric heating element, or, maybe, an electric 
motor. The basic purpose of the circuit is to transfer energy from the battery to the load [5] 
The power output of the emf is simply  
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The power dissipated as heat by the internal resistance of the battery is  
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Likewise, the power transferred to the load is  
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Note that  
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The result will be at the bottom. Differentiating the denominator with respect to R: 
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For a maximum or minimum, the first derivative is zero, so 

1/ 22 RRi  (6) 

or 
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RRi  (7) 
Maximum power (energy) is transferred to load in compliance with the condition Rmax = Ri and U = /2 and then 
efficiency is max = 0,5. (Model dependence of power transfer efficiency to load in Figure 1) 

 
Figure 1 Model dependence of efficiency the power transfer energy to load 

 

4. Energy transfer in DC circuits , http://remotelab7.truni.sk 

Assignment of the remote experiment (Figure 2) is to determine how energy is transferred from the real sources 
of electromotive voltage to the load. The student assessment is to determine the macroscopic characterization 

Ri of the source. The students 
learn to find the maximum of the dependence of the transferred power to the load resistance R and to find the 
corresponding condition for power matching. Students are encouraged to study the dependence of the electrical 
power from electromotive voltage source to the load resistance on the loading resistance R. In Fig. 2 is the 
dependence of the voltage Uv on the external load resistor on load resistance R (left graph) and corresponding 
current I (right graph). Besides the life web camera (left) and adjustment of loading resistors (right down) are 
visible. The experiment provides the data of the experiment for processing.  

 

 



1338   Lukáš Tkáč and František Schauer  /  Procedia - Social and Behavioral Sciences   47  ( 2012 )  1335 – 1340 

Figure 2 Web page of the remote experiment Energy transfer in DC - the voltage Uv on the external load resistor with 
resistance R (left graph) and corresponding current I (right graph),besides the life web camera (left) and adjustment of loading resistors (right 

down) with actual values of voltage Uv and current I are visible. 
See url : http://remotelab7.truni.sk  

5. Educational research 

Predominant goal of our educational research was the knowledge gain, where we used the method of normalized 
gain <G> of Hake [6], given by  
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where Spost and Spre are the percentage of correct answers in the post and pre-tests, only in part relative with 
measurement with this experiments (10 questions). Graph in Figure 3 represents the cumulative results for all 
students of the experimental group (denoted by black symbols) and control group (by red symbols). We divided 
students to two groups on the basis of their pre-tests scoring, in order to both groups balanced. As it is obvious from 
Fig. 3 the experimental group members (with RE) predominantly lie in the region of high (medium) knowledge gain 
as opposed to the control group with medium (low) knowledge gain. 

The predominant feature of the experimental group is the positive knowledge gain, whereas the any students of 
control group results exhibit zero scores with this part of the test. It is also obvious from Fig.6 that experimental 
group members were more successful in most questions compared to control group. The interpretation obviously 
rests in knowledge gain connected with experimentation with remote experiments, data processing of the results and 
their interpretation. The results of the control group may be interpreted by the simple lack of knowledge, 
misunderstanding of the question of the test and resulting arbitrary choice of answerers. 
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Figure 3 Remote experimentation influence on the Normalized G G ransfer energy in DC 

Experimental group (black symbols) and Control group (red symbols) 
 
Next we present example of data 
students were given free hand in choice of graphical programmes and data processing. The layout and quality of the 
examples were not corrected in any way. 

As we can see form Figure 4 see, the assignment of the experiment was to determine energy transfer from 
the chemical source of the electrochemical battery to the resistive load, specifically, the power distribution 
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transferred to the load R and to the internal resistance of the battery Ri and also the efficiency of the process 
(theoretically in Fig. 4 and experimental results in Fig. 4) and to determine experimentally the conditions for power 
matching. As a by-product nd the internal resistance Ri of 
the electrochemical battery. 
 
 

 
 

Figure 4  E Energy transfer in DC circuit
load P on the resistance of the load R a), the same as in dependence of the efficiency  on the load resistance R b) 

 
From the above graph we can see that the maximum power transfer occurs in the load when the load resistance, 

R is equal in value to the source resistance, Ri so then: Ri = R 
general rule, maximum power is transferred from an active device such as a power supply or battery to an external 
device occurs when the impedance of the external device matches that of the source.  

6. Conclusion 

The distance education starts to be one of the major directions of education at universities with Technological 
and Science orientation. The growing number of Open Universities in the world testifies this trend [7]. The 
laboratory work is from the principle the most difficult part of organization and the bottleneck for departments, 
being in charge of the distance education and The e-laboratories may help to solve the situation [8] provided certain 
criteria are fulfilled. 

Our conclusions may be formulated as follows: 
- The Internet accessible remote experiments combined with suitable simulations, serve as the powerful tool for 

the teaching and study of the electricity and magnetism phenomena as we found as a result of educational 
research with distance students. 

- The reasons for the increase of the effectiveness of distance students study rests predominantly with the 
increased interest in the subject matter. Students have to cope with the problem of observations, data 
collections, their evaluation in frame of existing theory with applicable results. All these activities are 
appreciated by students as they acquire many skills needed both for their studies and future carriers.  

- With relation to remote experiments students appreciate their availability round the clock, clear presentation, 
availability of supporting teaching tools and accessible data from experiment. On the other hand they would 
appreciate the more expressed collaborative features of the experiment and especially instructor interaction.  

- An essential advantage also remain, mainly an option for students of distance study measure real measurement 
and evaluate laboratory tasks, established from those experiments. 

- It also evaluates each of work created by students in quality. This approach seeks to bring experimentation to 
groups of students, who do not have the opportunity to participate in laboratory exercises in the laboratory. 
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