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Abstract 
Computer simulations are designed for our 1st year students who study physics during the second 
semester and aim at enhancing students’ understanding of physics phenomena and laws, and their 
practical laboratory skills. In order to enhance self-learning and group-learning activities we created a 
virtual physics laboratory where computer simulations are being used. Over the last decade, we have 
developed several computer simulations using Adobe Flash, HTML5 and JavaScript technologies. We 
reported considerable progress in students’ ability to work in the physics laboratory and a significant 
increase of their scores at lab tests and final exams. This paper describes a statistical survey 
conducted to analyze the improvement of students’ scores at their lab tests and in final physics exams 
in the last five academic years. Our statistical study collected descriptive statistical data from students 
studying both in Romanian (RO) and in English (EN) at the Faculty of Civil Engineering and Building 
Services of “Gheorghe Asachi” Technical University, Iasi (Romania) and contains inferential statistical 
results. Statistical analysis was performed for a total of 753 students including 534 students who study 
in Romanian (RO) and 219 students who study in English (EN). We noticed a rising tendency of high 
marks (8-10) and medium marks (5-7) in final exams. Therefore, marks rose by 23.83 % at courses 
taught in Romanian and by 9.42 % at courses taught in English, which means an average rise by 
19.06 % from 2012-2013 to 2016-2017. With regards to laboratory marks, there was a rise by 13.17 % 
at laboratories taught in Romanian, by 18.75 % at laboratories taught in English, namely a general 
average rise by 14.33 % (RO) + (EN). Furthermore, two thirds of the students improved their scores 
because they used the virtual physics laboratory. The findings of the statistical survey prove that 
learning improved considerably due to the use of computer simulations and virtual physics laboratory. 

Keywords: computer simulations, statistical survey, physics phenomena, Adobe Flash, HTML5, 
JavaScript. 

1 INTRODUCTION 
In recent years, our engineering students needed more appropriate computational tools to enhance 
Physics learning and achieve better scores at laboratory tests and in final exams. As our experience 
has demonstrated along the years, the modern combination of the experimental physics and 
computational methods motivates students to get profound insights into the world of physics 
phenomena.  

Seeing the effectiveness of using computer simulations during teaching [1]-[13], we made our own 
computer simulations of physical processes and laws [14]-[16] by means of Adobe Flash [17], HTML5 
[18] and JavaScript [19] technologies. These computer simulations may be accessed both during lab 
hours parallel to real applications or in the virtual physics laboratory at the internet address 
http://server.ce.tuiasi.ro/~radinschi/simulation/default.html. To access the virtual physics laboratory, 
we recommend the use of browsers like Google Chrome or Firefox, which are frequently updated. 
Students are encouraged to join the virtual physics laboratory especially before lab classes and lab 
tests and gain more ability for their practical work in the real physics laboratory. 
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The virtual physics laboratory is made of nine work stations, five of which are made in Adobe Flash 
and four with the aid of JavaScript programming language and HTML5 technology. Computer 
simulations were developed for the most important practical applications of the physics course Physics 
1 tailored for 1st year students from the Faculty of Civil Engineering and Building Services of 
“Gheorghe Asachi” Technical University, Iasi (Romania). The purpose of using these computer 
simulations was to create students an optimal virtual work environment for lab works, which can be 
accessed from anywhere, from home or campus. Moreover, students showed a higher interest in 
using computer simulations and virtual physics laboratory, materialized in higher marks in laboratory 
tests and in final exams in the last five academic years.  

With a view to analyze the influence of using computer simulations and virtual physics laboratory on 
learning and results obtained by our students, we made a statistical study on the marks at laboratory 
tests and in final exams. This statistical study that comprises both descriptive statistics and inferential 
statistics was performed for students who study in Romanian (RO), for students who study in English 
(EN) and for general case (RO) + (EN). 

We organized this paper as follows: Section 2 is assigned to the presentation of the virtual physics 
laboratory that we developed using Adobe Flash, JavaScript and HTML5 technologies. In Section 3, 
we present the statistical survey performed to analyze the improvement of students’ scores at the 
laboratory tests and in final physics exams in the last five academic years. Section 4 is for discussion 
and conclusions and a brief summary of the results. 

2 PRESENTATION OF THE VIRTUAL PHYSICS LABORATORY 
Over the last decade we have developed several computer simulations of physical processes and 
laws with the aid of Adobe Flash [17], HTML5 [18] and JavaScript [19] programming tools and created 
a virtual physics laboratory that can be accessed at the web address http://server.ce.tuiasi.ro/ 
~radinschi/simulation/default.html. We began to develop the computer simulations in 2008 and up to 
2015 we used Adobe Flash [17]. Early in 2015 we have started to use HTML5 [18] and JavaScript [19] 
technologies. Although learning improves by the use of virtual applications, a combination of traditional 
work in the physics laboratory with the use of computer simulations is the best tool for teaching and 
learning.  

The virtual physics laboratory is depicted in Figure 1 and consists of nine virtual applications which 
describe: 

• harmonic oscillations, speed of sound (work station a - HTML5 and JavaScript),  

• standing waves in a Lecher system (work station b - HTML5 and JavaScript),  

• damped electromagnetic oscillations in a series RLC circuit (work station c - HTML5 and 
JavaScript). 

• standing waves on a vibrating string (work station d - HTML5 and JavaScript),  

• an intrinsic semiconductor energy (work station e - Adobe Flash), 

• Stefan-Boltzmann law (work station f - Adobe Flash),  

• photoelectric effect - Planck’s constant (work station g - Adobe Flash),  

• the study of the laws of the photoelectric effect, increase of the current up to saturation (work 
station h - Adobe Flash),  

• the study of the laws of the photoelectric effect, the curve of current-illumination (work station i - 
Adobe Flash). 
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Figure 1. Work stations of the virtual physics laboratory 

As a result of the use of computer simulations most of our students have improved their understanding 
of physics phenomena and laws. Our surveys point out significantly higher marks at laboratory tests 
and in final exams. According to our statistical survey, in the last five academics two thirds of the 
students improved their scores because they used the virtual physics laboratory and computer 
simulations.  

3 STATISTICAL SURVEY OF THE IMPROVEMENT OF STUDENTS’ SCORES 
This section presents the results of the descriptive and inferential statistics performed for the scores 
obtained at laboratory tests and in final exams by students studying both in Romanian (RO) and in 
English (EN) at the Faculty of Civil Engineering and Building Services of “Gheorghe Asachi” Technical 
University, Iasi (Romania) in the last five academic years. Our statistical survey found that student test 
score gains are strongly influenced by the use of computer simulations of physics phenomena and 
virtual physics laboratory. The laboratory quizzes and final exam tests are lined up with the curriculum 
of the Physics 1 course taught in the 1st semester of the 1st year. Statistical study was performed for 
students who study in Romanian (RO, 534 students), in English (EN, 219 students) and in general 
case (RO+EN, 753 students). 

In the following we present the results of descriptive statistics and inferential statistics. In Table 1 we 
can see comparisons of some statistical indicators. 

In Figure 2 are depicted the box-plots for the evolution of the marks in final exams for the courses 
taught in Romanian (RO) – a, English (EN) – b, and in general case (RO + EN) – c, for a comparison 
made for the last five academic years. 

We noticed an increase of 28% in the median values of the 2016/2017 academic year compared to 
the median of the marks in 2012/2013 for the courses taught in Romanian (RO) and in general case 
(RO + EN) and of 14% for the course taught in English (EN), meaning as part of the marks in the lower 
half of the distribution moved to the top of the marks distribution. 
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Table 1.  Statistical indicators obtained 

 RO EN General 

2012/2013 2016/2017 2012/2013 2016/2017 2012/2013 2016/2017 

average 6.92 8.56 7.46 8.16 7.12 8.47 

median 7 9 7 8 7 9 

standard 
deviation  1.29 1.14 1.76 1.48 1.50 1.26 

In Figure 3 we present the comparison of scores at laboratory tests and in final exams in the last five 
academic years for both students who study in Romanian (RO) – a and b, and in English (EN) – c and 
d. In the case of marks of students who studied in Romanian (RO) there is an increase in the weight of 
the high marks at the laboratory tests and also, for the final marks. In the case of English (EN) course 
there is only a slight increase of final marks and an increase of weight of the high marks for the 
laboratory tests. 

Figure 4 shows the improvement of students’ final marks between academic years 2012/2013 and 
2016/2017 in general case (RO+EN). We have an increase of the weight of high marks by 25.42%. 

  
a) b) 

 
c) 

Figure 2. Box-plots for evolution of students’ final marks in the last five academic years  
a) RO, b) EN and c) general case RO+EN 
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a) b) 

  
c) d) 

Figure 3. Comparison of laboratory marks and final marks for  
RO course (a) and (b); EN course (c) and (d) 

	  

 
Figure 4. Illustration of students’ marks improvement (%) between academic years  

2012/2013 and 2016/2017 in general case (RO + EN) 

We performed statistical t tests based on marks of the students who used computer simulations and 
students who did not use computer simulations. We obtained a difference between averages of marks 
almost equal with 2 and found p values from 0.001 to 0.0041. All p values are less than 0.05, and this 
validates hypothesis that averages of the marks of students who used computer simulations are 
greater than averages of the marks of students who did not interact with computer simulations, with 2 
points at least, alternative hypothesis being that the averages of marks are equal for both cases. 
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4 DISCUSSION AND CONCLUSIONS 
The first two years of the undergraduate program at the Faculty of Civil Engineering and Building 
Services of “Gheorghe Asachi” Technical University, Iasi (Romania) are mainly dedicated to the study 
of physics, mathematics, strength of materials and theoretical mechanics which provide students with 
engineering fundamentals. 

The combination of laboratory works with computer simulations has shown to be a useful educational 
tool. Computer simulations of laboratory works have significant educational advantages, and certainly 
allow students to interpret a large amount of experimental data. 

In the Physics course and in all Physics laboratories the applications of physical phenomena studied 
in Civil Engineering and Building Services were discussed with students. For instance, in the Physics 
laboratory the focus was on standing waves, damped oscillations, Stefan-Boltzmann law’ and 
photoelectric effect applications in Civil Engineering. We notice the applications of standing waves 
in the structural integrity of building structures (properly built structures will survive strong winds and 
vibrations), in hydraulic structures and in room acoustics. Some applications of damped oscillations 
consist of vibration reduction by using damping materials (electromagnetic dampers, vibration 
suppression forces). The application of the Stefan-Boltzmann law of infrared thermography is used 
in Civil Engineering for construction thermography. Photoelectric effect has applications in solar 
panels.       

Our statistical study comprises descriptive statistics and inferential statistics and has been designed to 
evaluate students’ achievement both at laboratory tests and in final exams in the last five academic 
years. We have noticed a statistically significant improvement in the performance of students who 
have used computer simulations and virtual physics laboratory. The laboratory grade is 40 % of the 
final grade in the Physics 1 course, which shows the impact of laboratory grades in final exams. The 
more students used computer applications, the more they gained higher scores in final exams.  

The statistical analysis was applied to a group of 753 students, of which 534 were taught in Romanian 
and 219 were taught in English. Medium marks (5-7) and high marks (8-10) had a rising tendency in 
final exams: by 23.83% at courses taught in Romanian and by 9.42% at courses taught in English, 
which is in average 19.06% higher in 2016-2017 than in 2012-2013. Laboratory marks rose by 13.17 
% at laboratories taught in Romanian, by 18.75 % at laboratories taught in English, in average they 
were by 14.33% higher (RO) + (EN). Two thirds of students improved their scores by using the virtual 
physics laboratory. The findings of the statistical survey show that learning improved considerably due 
to the use of computer simulations and virtual physics laboratory. 

So, we conclude that the use of computer simulations and virtual physics laboratory has a strong 
influence on student’s learning gains. We also notice that students’ self-study and extra work account 
for all their achievements. 

To provide an adequate work environment in the physics laboratory, we shall address other 
technologies and develop more computer simulations of physics phenomena.  
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