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Abstract 
This paper is focussed on the study of misconceptions that pre-service teachers have about the 
vectorial decomposition of forces, a key concept to understand everyday phenomena, kind of the 
sliding of a body on an inclined plane. 

The research has been carried out in three phases: the first one has consisted in the detection of 
misconceptions using a questionnaire as instrument (pre-test); secondly, an intervention with 
theoretical-practical nature has been carried out, with a great load of manipulative tasks; and finally, 
the evolution of misconceptions has been judged, using the same questionnaire as in the first phase 
(post-test). 

Important misconceptions have been detected, related e.g. to the nature and performance of the 
friction force or to the acting forces on an object at rest. In general, the obtained results, demonstrate 
the persistent character of the students’ misconceptions and also the difficulty of changing alternative 
ideas in students who have received many years of educational instruction. However, it is necessary 
to be aware of their existence, especially when treating with pre-service teachers, so that, as far as 
possible, they do not transmit them when in the future they act as teachers. 
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1 INTRODUCTION  
The main objective of the project to which this work belongs consists on exploring the alternative ideas 
regarding the concept of force in pre-service teachers. 

The importance of detecting the alternative ideas of the students for both the scientific evaluation and 
the teaching-learning process is well described in the related literature. 

Focusing on the specific case of the physics problem on which this communication is based, Jiménez, 
Solano and Marín in 1997 [1] carried out a study on the progression of research for the detection of 
students' ideas about forces, observing in some cases a minimum progress between 1985 and 1995. 
Recently, Ozdemir [2] investigated the alternative ideas of high school students, related to the issue of 
force, proving that students showed divergent and multiple answers regarding the meaning of force. 
Jimoyiannis and Komis in 2003 [3] carried out a study with the objective of determining the mental 
models of students of compulsory secondary education on the forces that influence the movement of 
objects under the sole influence of gravity. The results obtained in this case indicated that for a body 
to move there must be a force acting on it, ignoring the gravitational force. Melo, Sánchez, Cañada 
and Martínez [4] addressed the identification of misconceptions of middle and high school students 
about the Archimedes' principle in the floating context. The most outstanding results indicated that 
participants try to remember the mnemonic form application of the Archimedes' principle regardless 
forces analysis, and they consider that buoyant force depends on the position of the submerged 
object. 

In this scenario, this paper is focussed on the study of misconceptions that pre-service teachers have 
about the vectorial decomposition of forces, a key concept to understand everyday phenomena, kind 
of the sliding of a body on an inclined plane. 
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2 METHODOLOGY 
The considered sample consisted on 182 pre-service teachers, receiving the last year of the grade of 
teacher in Primary Education. The process of selecting the sample has been performed by 
convenience, due to accessibility criteria. 

A self-created questionnaire has been used as instrument for data collection. The research has been 
carried out in three phases:  

1 the first one has consisted in the detection of misconceptions using a questionnaire as 
instrument (pre-test);  

2 secondly, an intervention with theoretical-practical nature has been carried out, with a great load 
of manipulative tasks;  

3 and finally, the evolution of misconceptions has been judged, using the same questionnaire as 
in the first phase (post-test).  

The intervention performed in the second phase is divided into two parts: a theoretical one, which is 
done in the usual class where both the mathematical basis of the problem (vectors) and the problem 
itself are treated, and exercises proposed by the teacher are solved; and a second part, of an 
experimental nature, carried out in the physics laboratory, where the practical study of the forces 
acting on a real inclined plane is considered. 

The analysis of the answers to the open questions of the questionnaire was carried out by 
categorizing the answers and calculating frequencies and percentages. The statistical analysis of the 
results has been carried out using the chi square test (c2).  

3 RESULTS 
As an example, the analysis carried out on the answers provided by the students to one of the 
questions in the questionnaire is shown.  

The selected question is:  

“Respond reasonably "true" or "false" to the following statement: when an object rests on an inclined 
plane, it is because the friction force is greater than the component x of the weight” 

As can be seen, the answer to this question could be divided into two parts: one closed, “true or false” 
and another one open, which would be the reasoning provided by the students. In the first place, we 
observe if they consider this affirmation to be true or false. Subsequently, we will proceed to the 
categorization of the reasons given by the students. 

When asked if the statement is true or false, students mainly select the "true" option, both in the pre-
test (65%) and the post-test (66%). The correct answer, "false", is chosen by 35% in the pre-test and 
28% in the post-test. There is also a very small percentage that does not answer the question in the 
post-test. The application of the statistical test c2 reveals that the number of students who selected the 
statement as false decreases as a consequence of the intervention, but statistically the decrease is 
not significant, since the calculated p-value is above the critical value 0.05. 

As an example, the literal transcriptions of some of the reasoning provided by the students in the pre-
test to this question are collected: 

• "True, since they are two forces that act in the same direction but opposite sense, so if the 
friction is greater, the body will not slide by the action of its weight" 

• "True, if the weight were greater, the object would slide" 
• "True, because the force of friction stops the object" 
• "True. The force of the component x of the weight is the one that favours the object to slide if 

there is no friction force, but if the friction force is greater, it prevents it from sliding and 
therefore remains stopped " 

• "True, since this prevents the object from sliding down" 

• "True, since the force of friction is greater, the object does not slip" 
• "False, they must be the same" 
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• "False, because if the force of friction were greater than the weight of the object, it would fall" 

• "False, because there must be a balance between the friction force and the component x of the 
weight. If the force of friction is greater it is obvious that it stops the movement of the object 
down, but it might tend to go upwards" 

• "False, because if the force of friction is less, the object falls and if it is greater, the object would 
change sense of the movement" 

As it can be observed in this small example, there is great variety in reasoning. Then, we proceed to 
the analysis of the reasoning provided by the students supporting their selection of “true or false”. 
Table 1 shows the results referring to the "true" choice and Table 2, those referring to the correct 
"false" choice. 

Table 1. Categories established for the reasoning provided by students who selected the "true" choice. 

 PRE-TEST POST-TEST 

Categories Frequency % Frequency % 
Direction and sense of forces are correctly identified (Cat-
V1) 

5 4.8% 4 5.1% 

The student provides an explanation of the friction force as 
the one which opposes movement (Cat-V2) 

3 2.9% 1 1.2% 

The friction force is simply, or acts, as a brake (Cat-V3) 4 3.8% 1 1.2% 

To avoid movement, the friction force ( ) must be greater 
than    (Cat-V4) 

12 11% 21 27% 

To avoid movement, the friction force ( ) must be greater 
than or equal to    (Cat-V5) 

1 0.96% 1 1.2% 

Others (Cat-V6) 13 12% 10 13% 

When observing the data collected in Table 1, it is noteworthy that 27% of students consider, after the 
intervention performed, category four: “To avoid movement, the friction force must be greater than the 
x component of the weight.” 

Table 2. Categories established for the reasoning provided by students who selected the "false" choice. 

 PRE-TEST POST-TEST 

Categories Frequency % Frequency % 

To avoid movement, the friction force 
( ) must be equal to   (Cat-F1) 

8 7.7% 15 19% 

The friction force ( ) only acts when 
there is movement (Cat-F2) 

3 2.9% 1 1.2% 

Others (Cat-F3) 16 15% 5 6.4% 

The statement that is provided to the students is false and the correct reasoning to justify that it is 
false is the one that has been categorized as Cat-F1. As shown in Table 2, in the post-test there is an 
increase of 7.7% to 19% in the percentage of students who correctly reason their choice of the "false" 
option: "To avoid movement, the friction force must be equal to the x component of the weight". It is 
also observed that the percentage of students that justifies their choice on the basis that the reasoning 
"the friction force only acts when there is movement", decreases from 2.9% to 1.2% as a consequence 
of the intervention. Finally, in the category Cat-F3 there are, among others, diverse abstract and 
extensive answers, as well as references to the nature of the surface, and there is a decrease in the 
percentage of students whose reasoning falls in this category in the post-test. 
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The application of the statistical test c2 reveals that there is a significant increase (p <0.05) in the 
percentage of students, that choose the "false" option, and provide a correct reasoning for that choice 
(Cat-F1), as a consequence of the performed intervention.  

The found results point in the same direction as those found by Dekkers and Thijs in 1998 [5]. They 
observed that, in pre-university students, the correct answers increased considerably after performing 
teaching-learning activities. Bermúdez and Martínez in 2013 [6] also stated that the sequencing of 
activities, in this case in primary school, favours the teaching-learning process of the forces. However, 
they appreciate that some students have difficulty explaining situations involving forces. 

4 CONCLUSIONS 
This communication highlights the difficulty of changing alternative ideas in students who have 
received many years of educational instruction. However, it is necessary to be aware of their 
existence, so that, as far as possible, they do not transmit them when in the future they act as 
teachers. 
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