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Abstract 
This work has the purpose of responding to a need to overcome strongly held preconceptions among 
students regarding the concept of force and its representation. The designs used for the teaching of 
scientific concepts on the subject, has resulted from two complementary aspects: on the one hand, the 
specialized texts contained in the previous ideas of the force concept and its representation of various 
publications made by experts in the field are reviewed. On the other hand, the results obtained in the 
exams applied to the students in a test group are analysed in order to detect which would be the 
preconceptions that would have to be modified. The result obtained is a conceptual evaluation 
questionnaire, which is integrated into a conceptual framework on the subject and completes the 
requirements needed to structure a learning activity for the topic. Additionally, the design of a learning 
sequence called "Force Concept and its representation" is achieved, which applies the Methodology of 
Active Learning of Physics in its modality of Interactive Lecture Demonstrations and constitutes the 
basis of the learning methodology for the sequence proposal. Once the results of the application of the 
conceptual evaluation questionnaire were obtained it allowed for observing that the application of the 
activity has a Hake Gain greater than 0.8. In conclusion, it is recommended that the application of the 
activity and its corresponding questionnaire be distributed to different populations to modify or 
restructure if necessary and extend the results to any other educational environment. 

Keywords: Physics Education Research, Active Learning Physics, Interactive Lecture Demonstrations, 
Force Concept and its representation.  

1 OBJECTIVE 
To Design a learning sequence, on the force concept and its representation based on the 
misconceptions of students in the subject and on the previous ideas found by educational researchers. 
Using Active Learning Physics, together with the modality of Interactive Lecture Demonstrations in the 
subject of Statics. 

2 INTRODUCTION 
There are few studies conducted on the teaching of Statics, mentioning that the difficulty of learning 
this subject lies in the abstract and intrinsic characteristics of this subject, most of the research 
focuses on the force concept and movement [1], [2], [3], [4], [5]; however not so much focus is given to 
the force concept and its representation. It shows a concern to produce a profound and innovative 
conceptual change in the learning of the subject at an university level, in addition to working that part 
of abstraction to generate accessible educational materials that allow for the development of 
knowledge, and in turn the connection of such findings with other subjects In this sense, the proposed 
educational innovation offers an alternative in the teaching methods of force concept and its 
representation, which facilitates learning by designing strategies and didactic resources. This activity 
is designed for when you do not have enough technological resources. 

3 BACKGROUND 
When the students arrive to the Statics courses, they have serious deficiencies in their knowledge and 
understanding of force concept, the graphical and mathematical representation in the Cartesian plane, 
and in the composition as well as the decomposition of force concept. Additionally, to the low level of 
knowledge of the concept, there has been detected in subsequent courses many deeply ingrained 
conceptual errors which generate serious learning problems and are considered incompatible with an 
adequate understanding of Newton's Mechanics. One of the educational goals to solve these 
problems, is the design of learning sequences on a research basis; however, many studies on these 
conceptions are practically non-existent research dedicated to the quantification on the force 
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representation and the persistence of such errors show the need to know these ideas, and to use 
them in the design of learning sequences aimed at reducing these mistakes. The authors of the Force 
Concept Inventory (FCI) [6] highlight the force as a fundamental concept in Newton's Mechanics, they 
seek the student’s awareness and level of understanding of this concept using a questionnaire. 
However, this questionnaire does not take other important aspects of the force concept and its 
representation in the Cartesian plane into account. It is dedicated to observing the movement that 
causes the force on the bodies, not considering the rest of the fundamental characteristics of the 
balance of forces. This is the reason for the present work: the development of a learning sequence 
that modifies students' misconceptions about the force concept and its graphical and mathematical 
representation. 

4 METHODOLOGY 
The present investigation was carried out among students in their second semester of classes in the 
field of Engineering in Telecommunications, Systems and Electronics (ITSE). At the School of 
Superior Studies Cuautitlán of the National Autonomous University of Mexico. With attention to the 
subject of Statics. The problem that research has detected in the teaching of Statics was found to be 
that, upon completion of the basic courses of the subject, most students still held erroneous previous 
ideas of the main concepts of Mechanics (Statics). The same conclusion is obtained through various 
forms of research (interviews, short questions or multiple-choice questionnaires), in various 
universities around the world [7]. These results are obtained with teachers of different abilities and 
experience and seem to be characteristic of the traditional instruction methodology. 

For the design of the learning sequence that allows to solve part of these learning problems, the 
contents of the study program of the subject of Statics were taken into account, and planning for the 
design of a sequence was established. 

5 THEORETICAL FRAMEWORK 

5.1 Previous Ideas 
The previous ideas are the conceptions of the students that can be correct or incorrect, the incorrect 
ideas that were not transformed by the school action can be identifiable by the teachers, they have 
their origin in the conceptual errors and they are known as: erroneous previous ideas, erroneous 
conceptual structure, preconceptions, erroneous prior knowledge, misconceptions, spontaneous 
ideas, intuitive science, students' science, implicit theories, or theories in action; among others. They 
are incomplete concepts or incompatible concepts that cannot be combined with scientific theories. It 
is important to mention that these previous ideas are not arbitrary or trivial errors [8]. These ideas are 
constructions that people elaborate to answer their need to interpret natural phenomena, either 
because such interpretation is necessary for everyday life, to solve a practical problem or because it is 
required to show some comprehension capacity that is requested to one subject for another, (eg, a 
teacher). 

The previous ideas are the conceptions of the students that can be correct or incorrect, the incorrect 
ideas that were not transformed by the school action, can be identifiable by the teachers, there origin 
comes from conceptual errors and they are known as: erroneous previous ideas, erroneous 
conceptual structure, preconceptions, erroneous prior knowledge, misconceptions, spontaneous 
ideas, intuitive science, students' science, implicit theories, or theories in action; among other names. 
They are incomplete or incompatible concepts that cannot be combined with scientific theories. It is 
important to mention that these previous ideas are not arbitrary or trivial errors [8]. These ideas are 
constructions that people elaborate to answer their need of interpretation of different natural 
phenomena, either because such interpretation is necessary for everyday life or is needed to solve a 
practical problem or perhaps because it is required to show some comprehension capacity that is 
requested in one subject or another (e.g., a teacher). 

5.2 Cartesian graphical representation of force 
The Cartesian plane (figure 1) is formed by two numeric lines perpendicular to each other, one 
horizontal and one vertical intersecting at a point. 
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Figure 1. Cartesian plane. 

Force is the action of one body on another that affects the state of movement or rest of the body. The 
force for being a vector has the characteristics of it; namely: magnitude, direction, sense and 
application point. 

 
Figure 2. Characteristics of a force. 

Cartesian graphic representation of force, rectangular components. 

 
Figure 3. Cartesian graphical representation of a force. 

The force can be represented mathematically as: 
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6 RESULTS 

6.1 Previous ideas reported by educational researchers 
Research on the matter has revealed that the "errors" are not committed because of momentary 
mistakes or simple forgetfulness. Today it is known that the problems reach greater proportions. The 
previous ideas on the force concept found in the literature are shown in Table I. In it the previous ideas 
are collected, as the researchers and authors mention them in their works. Here are a few examples 
of such research –  

Table 1. Some previous ideas about the force concept given by researchers. 

WRONG PREVIOUS IDEAS RESEARCHERS 
Every movement has a cause (force or gravity). (Hestenes & Halloum, 1995) [6] 

In the absence of force, all objects remain at rest (with respect to the Earth). (Hestenes & Halloum, 1995) [6] 

Air and / or air pressure are responsible for an object to remain at rest.  

When an object is on a surface, this only thing is to hold the object, thus 
preventing it from moving. (Hestenes & Halloum, 1995) [6] 

Obstacles can redirect or stop movement, but they can not be agents that 
apply forces. (Hestenes & Halloum, 1995) 

Objects to fall do not require force, since they always want to go down. (Hestenes & Halloum, 1995) [6] 

Force is something inside the object that moves.  

As can be seen in the investigations that are presented above and by others that were not noted, 
these are mostly aimed at the force as a precursor of the movement, also that the force concept and 
its representation is not considered, for what is done It is necessary to carry out an investigation on 
the students to discover their reasonings with respect to the subject. 

6.2 Previous ideas about the force concept of the students 
Some of the ideas found in the students with respect to the force concept and its representation are 
presented, these ideas serve as a basis for the design of the learning activity. 

Table 2. Some previous ideas of the students about force concept and its representation. 

Question Wrong previous ideas 
1. Draw the Cartesian plane; 

indicating axes  and , identify the 
quadrants by putting the roman 
numeral in each of them, write the 
signs of the coordinates of the 
points in each one of the 
quadrants. 

They do not locate the coordinate axes . 

    
They do not locate the quadrants. 
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2. What is a force? They have no idea what a force is, their answer shows confusion and 
complete misunderstanding of force.  

 
They mention that it is a magnitude and sometimes they indicate that it 
is measured in Newtons. 

 

3. How is a force decomposed and 
graphically represented in the 
Cartesian plane? Explain and draw. 

A good number of students present incorrect or incomplete answers to 
this question.  

 

 

4. Which are the mathematical 
expressions to find the components 
of a force in the direction of the "x" 
and "y" axes? 

They answer incorrectly or incompletely, they do not have a consistent 
mathematical representation. 

 

5. Describe what a unit vector is 
and what it is for, write down its 
mathematical expressions. 

They give the following affirmations 
a) They affirm that it is where the force is applied to produce the 

movement. They do not include mathematical representation. 
b) It serves to find a vector in which all the forces of a system are 

applied. 
c) It is the resultant force that we can obtain it by means of its 

components x and y.  
d) It is the scale representation of a force where it indicates the 

direction that force has. 
e) It is a segment the size of 1N, which follows the same direction as 

the force.  

 

6. Do bodies possess or apply 
force? Explain. 

They confuse the application of force with gravitational force, they 
believe that the force is possessed by bodies. 

7. Does a living being possess the 
force or apply it? Explain. 

They affirm that living beings possess force. 

6.3 Materials designed 
The proposal includes a master class supported by a PPTX presentation designed with the Active 
Learning Physics Methodology to be applied in its modality of Interactive Lecture Demonstrations [9]. 
The learning sequence took into account the contents of the study topic which is Statics and 
considered the previous ideas of the students [10] and in their  working groups, made an inquiry of the 
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research carried out in other educational institutions and reported it  in some research articles. Finally, 
with the data obtained the final design of the learning sequence obtained includes: 

a) A master session, supported by a PPTX presentation and the theoretical framework with the 
contents of the force concept and its representation. 

b) A conceptual evaluation questionnaire (preliminary examination and final examination) for the 
force concept and its representation. 

c) Solution to the conceptual evaluation questionnaire for the force concept and its representation. 
d) A Learning Sequence for the force concept and its representation for the Student. 
e) A learning sequence for the force concept and its representation, guide for the facilitator. 
f) Plans for the application of the learning sequence for the force concept and its representation, 

which guides the facilitator in the application of the learning sequence. 

(To obtain a copy of the materials, please contact the authors.) 

7 CONCLUSIONS 
In many cases, previous ideas persist throughout life, even though they have had the opportunity to 
receive school instruction, this is due to the absence of an educational approach that begins by 
recognizing that the students have no correct previous ideas or concepts. The ideas found in the 
students were presented in the group in which they were working, finding that they are very similar to 
the research carried out in different populations and under different circumstances, which suggests 
that these ideas are generalized in different cultures and countries existing in all.  

As for the students' previous ideas about the force concept and its representation in the previous test, 
the following terms are used to define the concept of force: power, force, acceleration, velocity, 
momentum, inertia, and energy. With respect to the cartesian plane, it was found that most of the 
students answered the questions adequately, the interview found that they had already received  
previous classes in which they had been taught cartesian plane with an active learning base; however, 
in other students, there are some failures, such as the incorrect identification of the coordinated axes 
by not recording the direction of the axes and their names, they can not  identify the ordered pair 
representing a force, they write (+, -) instead of (Fx, Fy) with their respective signs in each of the 
quadrants; likewise, they do not correctly identify the quadrants. They also mix the concept of "scalar 
magnitude" (actually it is scalar quantity, not scalar magnitude) with the force concept, they can not 
explain what they want to represent graphically, by not knowing the form of representation of the force 
or not having the partial knowledge of the theoretical part of the concept. Some students answered the 
sum of forces by adding directly the magnitude of the force of each one of them. As for the 
mathematical representation of a force, they answered in different ways in their mathematical 
representation, some can not identify the cartesian representation, polar representation and the 
ordered pair for a force, could not expressed verbally to explain the meaning of each one of them. 
From the directors angle, the concept does not get it well, they mention direction, but they do not 
understand what that means. As for the unit vector of a force, they could not clearly understand how to 
represent a unit vector of mathematical and graphical form. When asked, if a force is possessed or 
applied in either bodies or living beings, more than 50% of students incorrectly think that force is 
possessed. Also the forces in a body at rest, the students do not understand that there are forces, and 
finally to express whether or not the force provokes movement, they have the concept that force 
always causes movement, which is not necessarily true; additionally, they affirm that for the movement 
to continue it is necessary to continue applying a force, because otherwise the force diminishes until 
disappearing and the body stops. 

Emphasis is placed on the recommendation to design new learning activities similar to this one in 
order to have in the future a base of learning sequences that can enhance the students' understanding 
in the area of Statics and that these can solve the difficulties that students have in assimilating the 
content of the subject. 
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