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Abstract : The research study aims at recording and detecting engineering students’ criteria regarding the 
suitability of various calculating packages which includes one specially designed and developed by the 
researchers to assist teaching and problem solving electrical circuits. For the above purposes 54 
engineering students aged from 18 to 20 (female and male), after having undergone some introductory 
session on their operation, used four different calculating packages to deal with various problems 
concerning electric circuits. These packages were evaluated and compared: (a) a customised spread-sheet 
for calculating package, (b) Mathematics-Solve function, (c) Mathematics LinearSolve function, (d) a Java-8 
application specially designed and developed for this study. Students recorded their views on a 
questionnaire, the analysis of which revealed the most appropriate calculating package for the purpose. 
The reasons for students’ choices are recorded and analysed, drawing important educational conclusions 
for both future customisation of packages and software design intended for educational use. The process of 
rational choice between all sorts of adaptable software for specific educational use, is also discussed. The 
concept of students acquiring basic algorithmic skills in the process of computing physics experiments is 
also addressed herein. 
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I. INTRODUCTION 
During the past years, a great deal of research 
effort has been reported on Science teaching 
concerning electricity. The main research topics 
seem to be the investigation of students’ ideas (or 
misrepresentations), the study of students’ 
reasoning and    comprehension,    and    the    
methods    proposed     for overcoming any 
intellectual difficulties to conquest scientific 
thinking1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,
18,19,20,21,22,23,24,25.  One   of the most 
important research results constitutes the 
ascertainment that the students use alternative 
models, with  the help of which they meditate and 
try to comprehend electric phenomena and 
everyday electrical applications. 
A number of serious studies have been made 17, 
18, 19, 26, 22 to overcome   such   problems   
using   traditional   (i.e. non-ICT) teaching 
methods. However, it can be argued that ICT-
based teaching methods could stand a better 
chance in addressing such problems. Their inbuilt 
ability to simulate various aspects of the circuitry, 
as well as showing almost-realistic pictures of the 
circuits to users, while at the same time 
graphically explaining their operation, could lead 
to alternative (and more accurate) frameworks in 

student’s mental modelling of circuit’s function. If 
achieved, this would be in sharp contrast to the 
results obtained by some previous researchers 
investigating this area 27, 28, 29, 30. 
 
According to the authors of this paper, the 
problem under investigation is of particular 
interest. The researchers on the one hand, as well 
as other teachers teaching electrical circuits in 
class, have noticed over the years that even when 
learners manage to formulate Kirchhoff’s 
equations that correspond to the circuit to be 
solved, they find it hard to compute the solution 
for the resulting system of equations. This can 
either be because they simply lack the 
mathematical skills to solve it or alternatively 
they might have some such skills but they 
abandon the effort on the way, due to the length 
of  time needed and the number of steps involved. 
As a result, they cannot analyse the circuit or 
draw the necessary conclusions concerning   the   
parameters   of   the   circuit,   nor   are they 
benefiting from the understanding of the 
mathematical methods involved to reach the 
solution. 
There seems to be need, therefore, to seek ways 
to assist students both in solving systems of 
equations and in changing their attitude towards 
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dealing with their relative difficulty in computing, 
urging them, all the while ensuring that sufficient 
time is left for them to focus on their study, on the 
analysis  and on the investigation of the physical 
characteristics and the physical behaviour of the 
particular circuit under study. 
Within the boundaries of present research effort, 
computational tools are being sought, adapted or 
customised, and subsequently evaluated. In 
addition, tools and  methods that could assist in 
this direction are investigated, such that would be 
prompting the students to try and understand the 
mathematical solution, altering their initially 
negative attitude, as well as seeking to discover 
the criteria by which students judge and compare 
the suitability of a multitude of computational 
tools, be they general-purpose or specially- made 
for this research 

II. RATIONALS OF THE PRESENT STUDY AS TO 
THE METHOD AND THE TOPIC CHOSEN 

Learners quite often spend considerable 
time in solving mathematical equations or linear 
systems, and also solve or represent 
parametrical equations, resulting from Science 
(Physics, Chemistry, Biology) experimental 
setups. A lot of students are ill-equipped to solve 
such equations, whose solution is fundamental 
for understanding the scientific concepts that 
are incorporated in such problems. Thus, the 
use of calculating packages /software for solving 
various types of mathematical equations is 
considered essential for the study, solution, and 
understanding of these problems. 

There are various calculating packages – 
educational software, that are primarily used as 
tools for difficult-to-solve mathematical 
equations resulting from the scientific problem 
analysis, but which at the same time are 
considered as contemporary teaching tools for 
Science. From those, more important are 
considered those with some specific 
characteristics. These are their ability to be 
friendly and easy  to use, to promote learners’ 
active participation, to reduce the time needed 
for the mathematical treatment of the problem, 
and to motivate users to engage themselves in 
the exploitation and natural interpretation of 
the results. The use of calculating packages frees 
time for the learners allowing them to become 
researchers themselves, by solving the 
mathematical equations (or systems) so easily 
that repetition with various starting values is 

almost invited, by creating graphical 
representations and studying the effect of 
various constants that appear with the problem. 

III. EDUCATIONAL HYPOTHESIS 

Our research effort aimed at detecting and 
recording learners’ views on the selection 
criteria amongst various packages that they 
consider as important ones, so as to select 
between  various  calculating  packages  
(software),  the  most 

appropriate one to be used, for analysing and 
solving electrical circuits. The basic hypothesis 
of the research was the following: Learners 
regard as the most appropriate calculating 
package for mathematical problem solving and 
appropriate for the teaching of electric circuits, 
the one that is easy to understand and use, is 
available for a wide variety of computing 
systems, and which introduces them to the 
mathematical way of thinking and 
programming, to solve problems. 

IV. THE RESEARCH 
 
A. The Sample and the experimental procedure 

For the purposes of the research 69 first 
and second grade Engineering graduates aged 
from 21 to 22 (both male and female) used 
four calculating packages to solve systems of 
linear equations, which resulted from the 
application of Kirchhoff’s rules on electrical 
circuit problems. After a short introductory 
teaching procedure and a demonstration 
concerning the basic operating instructions for 
the software, the learners solved specific 
electrical circuits, which were selected by the 
researchers and were common to all students, 
for reasons of data consistency. In addition, 
learners also solved other circuits that they 
themselves were interested in solving. 
B. The Software under consideration 

 
The software-calculating packages used by the 
learners were adapted accordingly, customised, 
or especially developed. These included spread-
sheets like Microsoft Excel and OpenOffice Calc, 
the software Wolfram Mathematica 8 of Wolfram 
Research (where both the functions Solve and 
LinearSolve were respectively used as two 
separate study-examples for solving equations 
and for matrix inversion), as well as a special 
calculating package, designed and developed by 
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the researchers themselves, using Java-8 
language. 

C. The tools of the educational research 

Learners’ views were recorded on a 
questionnaire, which included closed type 
questions or questions with definite answers 
and answers graded on the Likert scale. This is 
selected as the simplest, most familiar and 
most widespread in use, and which is mostly 
used in pedagogical research. It measures the 
extent to which the participants agree with a 
certain point of view (expressed in written 
form) with a scale ranging from 1 (strongly 
disagree) to 5 (strongly agree). Finally, the 
research data were recorded and analysed, the 
results being discussed herein. 

D. Short description of questionnaire 

The purpose of the questionnaire was to 
collect data regarding the sex, age and grade of 
the students. The questions included in it 
referred to the following: 

To students’ interest, regarding the solution of 
linear systems, which result from Kirchhoff’s 
equations application on electrical circuits. 

a)To the way they would attempt to solve the 
aforementioned systems 
b)To the detection of learners’ background 
knowledge regarding the software, which are 
considered useful for natural sciences and 
mathematics problems solving 
c)To the calculating packages assessment-
ranking, regarding specific characteristics such 
as: 

E. The educational intervention 

The educational intervention was conducted 
in two different school classes, during 2011-
2012. The sample consisted of 69 Upper High 
School students of grades A and B (20 females 
and 49 males). Their age ranged from 16 to 17 
years. The majority of the learners worked on 
solving problems at electrical circuits applying 
Kirchhoff’s rules. Various linear equation 
systems (NxN: N equals to the number of 
equations with N unknown) resulted from the 
application of these rules, which learners had 
been taught how to solve, with the use of 
calculating packages. The intervention was done 
within three successive phases consisting of five 
total teaching hours per class. More specifically: 

 

1st phase of intervention (2 hours): This 
phase was conducted in the classroom and 
its purpose was for learners to familiarize 
themselves with Kirchhoff’s rules 
application on simple resistive electrical 
circuits, as well as to refresh their ability to 
create NxN linear equations systems. The 
students of both classes were given 
electrical circuits (initially consisting of two 
loops) and an instructive intervention took 
place concerning the application of 
Kirchhoff’s rules. Afterwards, learners 
worked with more complex circuits aiming 
at their familiarization with creating larger 
complex linear systems. 

 
2nd phase of intervention (2 hours): The 
second phase was conducted at the school 
computer lab. Learners were introduced to 
the calculating packages and their 
application  for solving linear systems. This 
was done by the researcher. Afterwards, 
grouped in teams of two to three per 
computer,  the students solved linear 
systems using all the four  calculating 
packages under investigation. 
 
3rd phase of intervention (1 hour): This 
phase began with an open discussion and 
proceeded with the recording of students’ 
views regarding the whole process and its  
assessment by the students. The researchers 
recorded learners’ opinion and the process 
concluded with the completion of a relevant 
questionnaire. 

V. DATA ANALYSIS 

The participant learners assessed the 
calculating packages (software) regarding their 
accessibility, their installation on computer 
units, their demands in terms of computing 
power (i.e. hardware demands), the 
comprehension level for the mathematical type 
of problem solution, learners’ motivation  on 
programming concepts, facility of usage, time 
needed for data input, friendliness of the 
environment and their appropriateness for the 
particular age group, and their level of 
knowledge.  

The data which resulted from students’ 
answers on the questionnaires were analysed 
and the results are discussed further down in 
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the form of tables and diagrams. 
 As a general rule, every study (or every 

measurement, or every evaluation) involves a 
number of experimental errors and, therefore, 
the present study cannot be an exception. Such 
errors can be finally folded into a single 
numerical value (one for every data point), 
called measurement errors. Every 
experimental point measured is (in general) 
only valid within the limits of the experimental 
errors. This is true for every experimental 
study. While during the data-taking phase of 
the present experiment an emphasis was paid 
in minimising biases and avoiding large 
systematic errors, during the data analysis an 
effort was paid into evaluating these, which 
after due consideration were set at 2.0% flat, a 
figure which is comparable with all our 
statistical errors, and not dominated  by them. 
All relevant statistics were calculated using 
specially constructed software, interfaced with 
a popular computational and plotting package. 
The statistical error was calculated for each 
and every point of the dataset taken, as this is a 
function of the sample taken and it varies 
according to the actual answer given by the 
students. The statistical variance was 
computed and the Bessel- corrected standard 
deviation was calculated for all data points 
presented. The total experimental error was 
then calculated by adding in quadrature the 
systematic with the statistical errors, these two 
errors being by definition independent. 

 

                 DISCUSSION AND CONCLUSIONS 
 

In the present research effort, our initial objective 
was the application of Kirchhoff’s rules in simple 
resistive circuits, as they are taught at Upper High 
School during students Physics lessons, based on 
ordinary school syllabus. The learners were then 
asked to apply Kirchhoff’s rules to problems of 
electrical circuits and ended up with a system of 
N x N linear equations (N equations with N 
unknowns). The computational part resulting to 
the solution of the above system of equations was 
tackled with the help of a selection of 
computational software packages.  
 
The learners worked using four computational 
packages: i) The computational package (EXCEL): 
Excel of Microsoft or OpenOffice.org Calc of 
Oracle irrespectively, ii) MS: the software 
Wolfram Mathematica 8 of Wolfram Research 

Inc.using the functions for solving Solve linear 
systems iii) MLS: the software Wolfram 
Mathematica 8 of Wolfram Research Inc. using 
the functions for solving LinearSolve linear 
systems and iv) JAVA: and a calculating package, 
prepared by the researchers themselves using 
Java language. 
 

 
Figure 18: Application using a computational 

spread-sheet 
 
From the analysis of students answers it can be 
seen that the process of solving a linear system, 
even 2x2 or 3x3, which results from the 
application of Kirchhoff’s rules, is a process which 
does not especially interests students (only a 
percentage of 37.7% (±6.2%) of the learners is 
interested in finding the solution), while the rest 
of the students, either show no interest in general 
(26.1% (±5.7%)), or are not interested in maths 
or physics (8.7% (±3.9%)), or because they 
believe that finding a linear system is enough 
from the point of view of Physics (11.6% 
(±4.4%)), or alternatively do not want to do it or 
they do not know the way (15.9% (±4.9%)). 
In general, in the case in which they would wish 
to solve the system, their first choice would be to 
ask their teacher (33.3% (±6.1%)), because it 
seems to be the quickest and safest choice, rather 
than look for solution themselves, either in math 
books (4.3% (±3.1%)) or in the internet, as the 
specific age group believes that the internet is 
mainly used for fun or communication and less 
for education and learning. For this reason, a 
significant percentage of 58% (±6.3%) of the 
learners do not know any specific software, 
which would be useful for mathematical of 
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physics problems and from those students that 
happen to know some, only a 23.3% (±5.5%) 
percentage of them used it for the solution of 
some problems. 

The students seemed willing enough to 
cooperate for the solution of linear systems with 
the use of computational packages and generally 
they think that: a) the computational package of 
the kind of the computational sheet, as well as 
that one in Java language are easily accessible 
(58% (±6.3%) and 69.6% (±5.9%) respectively), 
are easily installed on the computers (56.5% 
(±6.3%) and 58% (±6.3%) respectively), they do 
have special computational needs (52.2% 
(±6.4%) and 40.6% (±6.3%) respectively), the 
introduction of data is easily done (33.3% 
(±6.1%) and 63.8% (±6.2%) respectively) and 
without delay (39.1% (±6.2%) and 55.1% 
(±6.3%) respectively) and b) that the applications 
with the computational sheet and Mathematics  
program, using the function Solve and 
LinearSolve help towards understanding the 
mathematical way of solution of the system 
(40.6%(±6.2%), 36.2% (±6.1%) and 23.2% 
(±5.5%) respectively) as well as towards the 
introduction of the concepts of programming 
(23.2% (±5.5%), 44.9% (±6.4%) και 26.1% 
(±5.7%)). 

 
 

 
 

 
Figure 19: Specially designed application 

developed using Java language. 
 

Finally, the students considered as the overall 
most suitable package for solving linear equation 
problems, the application with the use of the 
spread-sheet computing package (47.8% 
(±6.4%)). Their choice was justified by them by 
claiming that the software is easily accessible, it is 
easily installed on the computational units and 
operates without special demands on the 
computer. Meanwhile, the saw the use of the 
computational sheet as being easy for the user, 
the data are introduced quickly and easily, and 
offers the opportunity for the mathematical way 
of solving the system to be comprehensive 



NAVEEN K Y, et al, International Journal of Research Sciences and Advanced 
Engineering [IJRSAE]TM 
Volume 2, Issue 4, PP: 59 - 65, OCT - DEC’ 2013. 
 

  

 
 

 

 
 

International Journal of Research Sciences and Advanced Engineering 

                             Vol.2 (4), ISSN: 2319-6106, OCT - DEC’ 2013.                       PP: 59 - 65  

enough, along with introductory concepts of 
programming with the use of functions from the 
program library. 
 
As their second choice, learners consider as most 
appropriate for the job the application written 
specially for the purpose in Java (24.6% 
(±5.6%)), mainly due to the facility and speed of 
data introduction in the application. The 
application in 
Mathematics  program was judged by the 
learners as being very interesting (chosen by 
27.5% (±5.7%) learners), especially as regards 
the level of comprehension achieved concerning 
the mathematical method of computing the 
solution, the originality of the Mathematics  
package, and their perceived introduction into 
the fundamental concepts of algorithmic 
problem-solving. However, they found the data 
entry procedure quite tedious (or even difficult) 
and something requiring special attention to 
avoid silly mistakes in which case the application 
would halt. This type of reaction from the 
software, students were not familiar with and it is 
perhaps a little tiresome for the specific age-
group. Nevertheless, they consider it as especially 
interesting, with a lot of potential and would like 
to work with this application later. Finally, the 
students reached a positive consensus of a 66.7% 
(±6.1%)), regarding the use of some software 
package (of any type), for the solution of 
mathematical equations in problems of natural 
sciences. 
Concluding and based on learners’ background 
knowledge, it could be said that, their inability to 
solve linear systems was quite obvious, especially 
if those were bigger than 3x3. However, even 
with systems like 2x2 or/and 3x3, their difficulty 
in finding the right solution was evident among 
all groups of learners, as well among the groups 
that finally succeeded in tackling the problem 
correctly to the end, as even they delayed 
considerably to reach the end. 
 Even though it is not our intention to 
underestimate the value of such linear systems 
evident from the study of electrical circuits, when 
viewed within the framework of the teaching of 
physics courses, it is important to focus mostly on 
the values of currents that flow in the branches of 
an electric circuit and result to solutions for the 
above systems and their interpretation, as well as 
their further exploitation in the process of solving 
electrical circuits. 

 Thus, it is considered especially interesting to 
focus on the rapidity of solution of a linear 
system through mathematical calculating 
packages and not on the mathematical process of 
solution itself. This way, the fast and correct 
finding of the value of currents through 
computational packages, allows learners to 
exploit the packages by repeating various 
calculations, and thereby spend a lot more time 
contemplating upon these values (or currents) 
from a point of view of physics, culminating to a 
complete confrontation of all the questions 
relating to a specific case of the electric circuitry. 
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