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Abstract: This paper presents the application of remote experiments in realization of 

laboratory exercises in the field of electrical measurements. Two methods of measurement of the 
electrical resistance have been described: the method of comparison of measured currents or 
voltages and the method of measurement of the voltage and current – UI method. With the aim of 
the analysis of the appropriateness of their use, students who have performed measurements not 
only from home via remote experiments but also in the laboratory, in the classical manner, have 
been interviewied. The results of the survey are presented in this paper. 

Key Words: Remote experiments, laboratory exercises, electrical measurements, 
student survey 

 
1. INTRODUCTION 

 
Nowadays, a large number of colleges and schools are faced with a problem of equipping 

laboratories. New technologies are constantly evolving, laboratory equipment of high quality and 
great features are produced, but there is not enough money for these purposes. 

Given the great importance of connecting theoretical and practical knowledge in the field of 
the electrical engineering and importance of laboratory exercises, teachers resort to various 
forms of performing the exercises. A number of them are supporters of simulation. Simulations 
require only a PC and the corresponding software and can be used in many laboratories. The 
disadvantage of this approach in the laboratory practice in relation to the traditional way is that 
students do not have physical contact with the instrument and there is no possibility of analysis 
of unexpected events during execution of an experiment. 

In recent years the development of the internet and information technologies has enabled 
the use of remote experiments. On one hand, they do not require high costs, nor for teachers 
nor for students, and on the other hand, they can offer a similar experience of learning as well 
as traditional laboratories by allowing a user to control the experiment [1-2]. In order to perform 
laboratory exercises, remote experiments can be used in combination with other technologies or 
independently, depending on the needs and ways of study. 

The aim of this paper is to present an implementation of the remote experiments in the 
realization of laboratory exercises in the field of electrical measurement. Two experiments are 
presented: the method of comparison of measured currents or voltages and the method of 
measurement of the voltage and current – UI method. At the beginning, a brief description of the 
remote experiments with activities before, during and after the execution of the experiments is 
given. Automatically created reports of remote experiments have also been presented. 

The measurements of electrical resistance have been performed by students in both ways: 
via remote experiments and in a traditional way, in the laboratory. Furthermore, they have been 
interviewed and the results of the survey and a proper discussion are presented.  
 

2. DESCRIPTION OF EXPERIMENTS 
 
Two remote experiments have been created based on two methods of measurement of the 

electrical resistance: the method of comparison of measured currents or voltages, Fig. 1 and 
the method of measurement of the voltage and current – UI method, Fig. 2 [2-4].  
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        а)     b)            c) 

Fig. 1. Scheme of connections: a) comparison of measured currents 
b) comparison of measured voltages; c) Connection of printed boards and data acquisition card 

   
    а)                                b) 

Fig. 2. a) Scheme of connections of voltage – current circuit (UI method)) and  
b) Connection of printed boards and data acquisition card 

 

In Figs. 1 and 2, DAQ is data acquisition card NI-6009, manufactured by National 
Instruments, with digital and analogue inputs and outputs. It has been used for measurement of 
the electric voltages an currents and for manipulation with the existing switches. The card has 
software support of the same manufacturer – LabVIEW 2009. This card is connected to the 
corresponding printed boards, Fig. 1c and Fig. 2b. The printed boards from Fig. 1c represent 
the electrical part of the circuits presented in Figs. 1a and 1b. This board contains parts 
intended to switch relays since the digital output itself does not have enough power for 
switching. In case of second experiment, Fig. 2, data acquisition card is connected to two 
printed boards, Fig.2b, where one of them contains resistors of different values and the other 
represents the electrical part of circuits given in Fig. 2a. The function of the switch k is to change 
the place of the voltmeter in order to obtain the voltage or current connection in UI method.  

Two data acquisition cards are connected via USB to the laboratory computer, one card for 
each experiment. Running the computer application starts the experiment and the computer and 
the experiment communicate.  

Both applications consist of three parts, of which the first two represent measurements 
according to the connection schemes given in Figs. 1 and 2, and the third corresponds to the 
end of the experiment. User interface contains the description of devices and command buttons 
on the left side, and a brief description of the measuring process, a connection scheme and an 
empty table (for users to fill it) in the middle and right side. 

In order to perform the experiments, students should be acquainted with the laboratory 
manual. The manual contains theoretical basics of measurement methods for the measurement 
of electrical resistance and brief description of the student activities before, during and after the 
experiments. Some activities are the same for both experiments.  

Activities before experiment execution 
1.  Before using the remote experiment, it is needed to install Cyclone Viewer and 

Microsoft .NET Framework 4.5.  
2. It is necessary to know the Access key which one can get at the request by sending a 

message to a specified e – mail address. 
 

Activities during the experiment 
At the beginning, in the left corner, it is necessary to sign students name and surname. 

Application can be run by click on the arrow in the upper left corner (Run). Student need to 
manipulate with existing controls, to record the results obtained and to monitor the experiment 
via web – cam, according to the manual.  
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The home page of the experiment from Fig. 1 is shown in Fig. 3. 
 

 
Fig. 3. Home page of the experiment from Fig. 1 

Activities after experiment execution - Reporting 
The report is automatically generated at the end of the experiment, containing a full 

description of exercises and obtained results, Fig. 4. A Word document of the report is located 
in the laboratory computer memory under the students name. There is also an option of sending 
this report to the students e-mail address. 

By analysing generated reports and checking the results of measurement the certain 
conclusions about the adequacy of the method, as well as on the systematic error of the 
method. Also, a dependence of this error on the measured resistance can be analysed.  

 

Fig. 4. Preview of the report of the experiment from Fig.2 
 

3. STUDENTS EVALUATION 
 
A total number of 25 students of the second year of the Faculty of Technical Sciences 

carried out a measurement of the electrical resistance in two ways: by remote experiments at 
home and in traditional way in the laboratory with real instruments. The questionnaire has been 
completed by 16 students. The questionnaire contained 15 questions that can be answered in 
the following way: completely agree (5), mostly agree (4), partly agree (3) mostly disagree (2) 
strongly disagree (1) and not relevant for the experiment. Also, in the questionnaire, students 
were able to give their opinion on the advantages and disadvantages of this kind of experiments, 
as well as their suggestions. The questions can be divided into four groups, as follows: 
 

1. Conducting of this remote experiment helped me to achieve learning module objectives 
2. Conducting of this remote experiment helped me to achieve learning module outcomes 
3. The remote experiment facilitated better understanding of the module theoretical background 
4. The remote experiment helped me to learn to use lab equipment 

5. Remote experiment within this learning module is prepared on the appropriate technical level 
6. The experiment is easy to understand and use 
7. Written manual for remote experiment is clearly understandable and helpful 
8. Remote experiment was supported by adequate explanations of teacher/teaching assistant 

before its starting 
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9. User interface for remote experiment within this learning module is easy to use 
10. The response time after a user action within running experiment is satisfying 
11. Capture of experimental results is enabled 
12. Storage of experimental results is enabled 
13. Quality of visual display is satisfactory 

14. There were no problems or stallings while working with remote experiment 
15. I would like to use remote lab in other lessons on this subject too 

 

Table 1 – Results of the questionnaire 
Questions 

Answers  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

(1)    1        1   1 
(2)  1 4 3       1 1   1 
(3) 4 5 5 3 4    1 4 2 1 6 4 3 
(4) 6 5 4 6 10 2 3 2 4 3 4 4 6 4 6 
(5) 3 2 2 3 2 14 13 14 11 9 9 9 4 8 5 

(NR) 3 3 1 -            
 

According to the data given in Table 1 can be concluded that the students were most 
satisfied with the level of technical preparation of the experiments (questions 5 - 8) and with the 
performance of the equipment, the quality of the user interface and ability to obtain the 
experimental results (questions 9 – 13). On the other hand, students consider that the 
conducting of the remote experiments did not help them completely in achieving learning 
module objectives and outcomes. In this case, this can be explained with the fact that students 
have previously performed experiment in a laboratory in the traditional way. Additionally, 
students have supported their answers with the comments on the advantages and 
disadvantages of this kind of experimentation. 

 

4. CONCLUSION 
 

The application of remote experiments in realization of laboratory exercises in the field of 
electrical measurements has been presented in this paper. A description of the remote 
experiments with activities before, during and after the execution of the experiments has also 
been presented. A group of students has been interviewed about this kind of experimentation 
and the results of the student interview with the comments are given.  

It has been shown that the remote experiments can be successfully implemented in the 
realization of laboratory exercises within the subject Electrical Measurements. They should be 
used in combination with traditional way of measurement because of the specificity of the 
subject. Practical knowledge from the laboratory is still primary, but better diversity of the 
experiments and new quality of the exercises can be achieved through the remote experiments. 
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