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Abstract 
This paper deals with students’ prior knowledge of physics (kinematics and dynamics) when they enter 
the technical university in Slovakia connected with STEM (Science, Technology, Engineering and 
Mathematics) education and how it changes after using Introduction to Physics course in academic 
year 2018/19.  

The standardized Force Concept Inventory (FCI) test was used for finding and analysing of 
preconceptions and misconceptions despite of teaching under the concept of force. Some modern 
methods of teaching can improve students’ learning outcomes more than traditional lecturing. We 
point out the importance of interactive lectures and its integration into study program because due to 
these interactive lectures we can manage to reduce the lack of students` knowledge and increase 
their chances to cope with requirements of university study program and eventually reduce the big 
dropout rate. Watching and analysing video recordings of the motion process in an attractive way can 
form students’ right conceptions and also positively influence students’ attitudes towards the study of 
Physics in future.  
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1 INTRODUCTION 
The Slovak system of secondary and higher education is predominantly a public one with the 
normative budget and it has undergone several changes since 1989.  Nowadays, each school can 
develop specific educational programmes within the given framework. To be more specific, teachers 
can decide about the number of lessons they would like to devote to each subject for each study year. 

Most of the secondary schools decided to support learning foreign languages by teaching them five 
times per week plus two lessons devoted to enhancing communication. However, at the same time 
they cut down the number of lessons in physics and mathematics taught per week. Gradually 
mathematics is usually taught three or four times per week, physics once per week and only for the 
first two years of study programmes plus laboratory work is reduced or even eliminated at some 
schools. Students are less interested in studying mathematics and physics because they consider 
them difficult to learn, to understand and to pass the final school leaving examination. As a result, 
most of the students enrolling to technical universities have only theoretical knowledge about physical 
phenomena, several preconceptions and misconceptions and only few of them passed the final school 
leaving examination in physics, which means that most of them studied physics for the last time in 
their second year of their studies. The insufficient knowledge level of physics was proved via several 
repetitive research papers [1, 2]. Therefore, we decided to turn our research attention to the problems 
of physics education in order to face the pivotal challenge of retaining students who would be 
interested in STEM programmes even so their knowledge of physics is not satisfactory and help them 
to overcome this gap and continue in their studies without dropping them out during their first term. 

2 METHODOLOGY 
Students in Slovakia attended compulsory computational physics exercises and lectures that were 
optional. The subject named ‘Introduction to Physics’ consists of 2 - 1 - 0 (lectures - exercises - labs) 
lessons per week. One lesson lasts 50 minutes. The semester in Slovakia consists of 13 weeks. 

We used Force Concept Inventory (FCI) test to verify prior students’ knowledge of physics (kinematics 
and dynamics). It contained 30 qualitative multiple choice tasks that focused on conceptual 
understanding of Newtonian mechanics. FCI was given to students at the Faculty of Electrical 
Engineering and Information Technology (FEEIT) of University of Zilina (UNIZA) to find out prior 
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knowledge level of physics at the beginning of the academic year 2018/2019. The pre-test was carried 
out at the beginning of the semester during the first week and it was attended by 200 students. Post-
test was carried out at the end of semester (after the semester course ‘Introduction to Physics’) and it 
was attended by 128 students. 

3 RESULTS 
The results (Fig. 1, Tab. 1) of pre and post-test indicate that there is statistically significant difference 
between the mean of pre-test FCI score at the beginning of semester and post-test FCI score at the 
end of semester 2018/2019 (the number of students participated in both of them was 122).   

 
Figure 1. FCI pre-test and post-test results. 

Table 1. t-Test: Paired Two Sample for Means. 

 Post-test Pre-test 

Mean 41.31147541 33.96174863 

Variance 272.0950187 214.0187268 

Observations 122 122 

Pearson Correlation 0.69520485  

df 121  

t Stat 6.615450222  

P(T<=t) one-tail 5.31536E-10  

t Critical one-tail 1.657544319  

P(T<=t) two-tail 1.06307E-09  

t Critical two-tail 1.979763763  

 Pre-t: N = 122; M = 33.96; SD = 14.63; Max = 100; Min =  6.67; D = 0.132; p < 0.05
 Post-t: N = 122; M = 41.31; SD = 16.50; Max =  90; Min = 10;  D = 0.122; p < 0.10

 Pre-test
 Post-test
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Figure 2. Analysis of individual questions. Numbers in % describe post-test results.  

It seems that questions 2, 4, 5, 11, 13, 14, 15, 17, 18, 20, 25, 26, and 30 were the most problematic 
for students of FEEIT in pre-test (Fig. 2). The subjects of the questions are presented in Table 2. 

Table 2. Subjects of the difficult questions. 

Breakdown of questions Questions 

Projectile motion  2, 14 

Newton’s Third Law 4, 15 

Circular motion, or circular to linear motion 5, 18 

Newton’s Third Law  13 

Newton’s Second Law free fall, no air resistance 11, 17, 25 

Constant & changing velocity particles (kinematics) 20 

Newton’s Second Law: a=0 26, 30 

3.1 Analysis of misconceptions 
As it is visible from Table 2, some of these questions in which students meet major difficulties and are 
getting less correct answers are connected with recognizing the forces acting in a described situation. 
The common misconception connected to these questions is the following: “The movement always 
requires a force acting to the direction of movement.”  

In question 2 misconception is typically related to the idea of the students that “heavier objects fall 
faster” (51% of the students marked wrong answer 2D in pre-test, in post-test 31% of the students 
marked wrong answer 2D). Question 14 is connected to the misconception “ego-centered reference 
frame” (40% marked wrong answer 14A in pre-test, in post-test 28% marked wrong answer 14A). We 
can see that these misconceptions were eliminated after term. 

Question 4 is related to the following misconception: “greater mass implies greater force” (69% of the 
respondents marked wrong answer 4A in pre-test, in post-test 40% of the respondents marked wrong 
answer 4A), question 15 is related to the following misconception: “most active agent produces the 
greatest force” (58% of the students marked wrong 15C in pre-test, in post-test 41% of the students 
marked wrong 15C). These misconceptions were eliminated after term, too.   
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Low scores in question 13 reveals the misconception of force persistence after contact: “impetus 
dissipation” (43% of students marked wrong 13C in pre-test, in post-test 47% marked wrong 13C). 
The number of wrong answer was increased after semester.    

Question 11 is related to the following misconception: “obstacles exert no force” and “impetus supplied 
by „hit” ” (49% of students marked wrong 11B, 25% marked wrong 11C in pre-test, in post-test 28% 
marked wrong 11B, 41% marked wrong 11C). One incorrect answer was eliminated, but number of 
other incorrect answer was increased.   

Question 17 is related to the following misconception: “the largest force determines motion” (58% of 
respondents marked wrong 17A in pre-test, in post-test 66% marked wrong 17A). Number of incorrect 
answers was increased after term.   

The misconception “motion when force overcomes resistance” is connected to question 25 (29% of 
students marked wrong 25D in pre-test, in post-test 21% marked wrong 25D) and question 26 (26% of 
respondents in pre-test, in post-test 25% of students marked wrong 26B), this answer is also 
connected to the misconception “resistance opposes force/impetus”. The misconception “velocity 
proportional to applied force” is connected also to question 26 (37% of respondents marked wrong 
26A in pre-test, in post-test 38% marked wrong 26A). This misconception was not eliminated.  

Low scores in question 20 reveals the misconception: “velocity-acceleration undiscriminated” (41% of 
students marked wrong answer 20C in pre-test, in post-test 40% marked wrong answer 20C). This 
misconception was not eliminated, too. 

In questions 5 and 30 the misconception typically has the idea: “impetus supplied by „hit”” (23% of 
students marked wrong 5C, 27% marked 5D, 35% marked 5E in pre-test, in post-test 22% marked 
wrong 5C, 24% marked 5D and 42% marked 5E; 67% marked wrong 30E in pre-test, in post-test 61% 
marked wrong 30E, question 18 “circular impetus” is problematic (40% of students marked wrong 
answer 18D in pre-test, in post-test 43% marked wrong answer 18D) – here the number of wrong 
answers was increased.) (for evaluation we used [3] and (Hestenes, FCI-Revised Table II)). 

On the other hand, it could be seen in Fig. 2, that questions 6 (72% of respondents marked correct 6B 
in pre-test, in post-test 70% marked correct 6B) and 12 (72% of students marked correct 12B in pre-
test, in post-test 77% marked correct 12B) got more correct answers than the others. Common to 
these questions is the following: most of their subject consists of the object movement in certain 
conditions and they are more connected to Kinematics than the other questions. 

Future detailed analysis is necessary for better identifying misconception at the beginning of term and 
also after the course of university physics. 

We also try to compare the pre-test results of students from other Slovak and abroad universities. It 
was found the statistically significant difference between the average pre-test FCI score of the 
students in Slovakia and Russia (UNIZA and Ryazan State Radio Engineering University (RGRTU) at 
the beginning of the winter term (2018/2019) [4]. Other research results using FCI tests reveal that the 
input knowledge level of UNIZA students concerning force, mass point kinematics and dynamics is at 
lower level in comparison with the students from university from Finland (Tampere University of 
Applied Sciences (TAMK)) (Mean(UNIZA) = 23 %, Mean(TAMK) = 45 %) [5].  

4 DISCUSSION 
Our research has pointed to the fact that the students do have difficulties with understanding basic 
concepts of mechanics at the entering stage of the both universities. Knowledge of relationships 
between concepts, physical principles and real world is also often weak. 

As Hestenes et al. [3] concluded, it has been established that: 

• This result is independent of the instructor and the mode of instruction, 
• Common sense beliefs about motion and force are incompatible with Newtonian concepts in 

most respects, 

• Conventional physics instruction produces little change in these beliefs, 

The authors further note that the first impression of the most physics teachers is that the FCI 
questions are too trivial. This turns to shock when they discover how poorly their own students perform 
on it. 
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As the authors claim it is necessary to point out that 60 % of FCI test, for empirical reasons, is minimal 
threshold so that a student could continue in understanding Newtonian mechanics effectively. Below 
this threshold, a student’s grasp of Newtonian concepts is insufficient for effective problem solving. 
Otherwise a student is not able to overcome difficulties which caused him/her misconception and thus 
he/she learns physics by heart. 80 – 85 % FCI score represents the mastery level when a student 
thinks in terms of intentions and Newtonian physics. As the authors state such an outcome does not 
depend on what teacher, in what country and what kind of school he/she teaches [3, 6, 7 and 8].  

If we want to achieve better results with current student quality, it seems to be necessary to use more 
effective, interactive methods and to focus more on an active and creative, more conceptual approach 
in order to enhance the students’ expertise rapidly in the beginning of their studies. The problem-
based learning, project-based learning, video-based problems, internet-supported learning, interactive 
engagement methods, conceptual question application, model-based introductory physics curriculum, 
and other inquiry-based teaching methods enhance higher order cognitive skills and students do 
better than those attending a traditional lecture-lab type instruction [1, 9]. 

As the authors state, the video analysis and simulations (VAS method) of problem tasks using 
interactive programme Tracker is one of the methods that considerably helps to form conceptual 
thinking and at the same time eliminating misconceptions, to develop manual skills and intellectual 
capabilities of students [10 - 16]. 

5 CONCLUSIONS 
A detailed analysis of FCI tests helped us to detect preconceptions, misconceptions and problems in 
conception of basic principles of physics and the work of this world. Some of misconceptions were 
eliminated after first term and Introduction to Physics course. 

We assume that with the help of interactive way of teaching physics it would be possible to eliminate 
misconceptions of students, decrease of the dropout of the first year students and also to improve 
students’ level of knowledge in the introductory courses of general physics, mainly in the field of 
mechanics.  

Future detailed analysis is needed to better identify misconceptions and tools to eliminate them. 
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