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Abstract 

After more than 19 hours class of mechanical energy per year only 27.34% of students of 

scientific first form of Burkina Faso secondary school succeed in mechanical energy. These 

observations induced our research question: Why after too long didactic time of teaching and 

learning mechanical energy, scientific students of first form classes of Burkina Faso 

secondary schools are uncomfortable in mechanical energy? For the investigation, twenty 

seven teachers’ lessons and sixteen exercises sessions have been observed. On the other hand 

two hundred and thirty eight students’ copies have been analysed. The following two research 

hypotheses have set and guide our research: (1) Students do not master the prerequisites for 

learning mechanical energy and (2) Students are uncomfortable with problems that treat 

mechanical energy concept after class. From this study it has been pointed out that teachers 

used expository method that does not help learners in class. Their schemas are not clear 

enough and/or not contextualized for good learning. Students confused work and energy and 

had misconception about body in translation.  

Keywords:  Work and energy, Mechanical energy, Gravitational potential energy, Difficulties, 

Learning and teaching,  
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1. Introduction 

 

Among the several papers treated teaching and learning in didactic of physics many studies 

concern students’ difficulties in mechanics (Viennot, 1977, 1989; Palmer, 1997; Vigoureux, 
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1997; Brasquet, 1999 ; Maarouf and Kouhla, 2001 ; Mildenhall and Williams, 2001; Palmer, 

2001; Badly, 2002; Baldy and Aubert, 2005; Coulaud, 2005 ; Kobéna and Ouattara, 2008 ; 

Koffi, 2010; Oké, 2010). In the case of Burkina Faso this type of study started since 2006 by 

the work of Kobéna (2006) in scientific second form of secondary school. He pointed out that 

students are uncomfortable with vectors, graphical construction. After this first paper further 

authors (Kobéna and Ouattara, 2008; Belemkoabga, 2012; Ouédraogo, 2012; Ouattara and 

Ouédraogo, 2012) analysed students’ difficulties in mechanics especially in scientific first 

form and scientific terminal class. Belemkoabga (2012) showed that learners are 

uncomfortable with gravitational potential energy while Ouattara and Ouédraogo (2012) 

exhibited their difficulties with kinematics and dynamics. Therefore, among theses works, 

only Belemkoabga (2012) treated mechanical energy. During the academic year 2010-2011, 

Belemkoabga (2012) examining the marks of the students of three scientific first form classes 

and showed that  only 27.34% got the mean (10/20). Moreover, in the part of mechanics 

program devoted to energy the didactic time recommended by the program is nineteen (19) 

hours per year. Belemkoabga (2012) after examining three different classes didactic times that 

concerns energy class times during three consecutive academic years (2008-2009; 2009-2010; 

2010-2011) showed that these didactic times are equal at least to 26 hours per year. This 

minimum didactic time is superior to the recommended didactic time (19 hours per year). This 

situation implies the following research question: Why after too long didactic time of teaching 

and learning mechanical energy, scientific students of first form classes of Burkina Faso 

secondary schools are uncomfortable in mechanical energy? 

To answer this fundamental question, in this work, we observed twenty seven teachers’ 

lessons and sixteen exercises sessions and analysed two hundred and thirty eight students’ 

productions.  The second section of the paper concerns teaching and learning context, the 

third section is devoted to materials and methods. The sections four and five treat results and 

discussion and testing hypothesis, respectively. We end the paper by conclusion as its sixth 

section. 

 

2. Teaching and learning context 

2.1 Objectives 

Mechanical energy program has two main objectives: (1) knowledge objectives that consist of 

(a) the definition of body in translation, mechanical energy of a system, isolated mechanical 

system, elastic and soft collisions (b)  the mathematical expression of kinetic energy of a body 

in translation, the gravitational potential energy and mechanical energy of a system. (2)  
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Theoretical know-how objectives. These objectives address (a) the use of the expression of 

kinetic energy in the case of translation, (b) the qualitative description of the force effect on 

the kinetic energy in the case of body in translation, (c) the calculation of the constant force 

work and the performance of a converter, (d) the establishment of the relationship between the 

weight vector work and the variation of the gravitational potential energy and (e) the 

application of energetic relations to the study of elastic and soft collisions. 

 

2.2Mechanical energy curriculum in scientific first form 

Four parts constitute physics program in scientific first form: mechanics, energetic, 

mechanical waves and geometrical optics. Energetic is the most important part of the program 

and concerns energy and its transfer (4 hours), heat energy (5 hours), mechanical energy (5 

hours) and energy transfer in receptors, generators and circuits in case of continuous electric 

current (5 hours). We will focus our attention in this paper on the third part of energetic 

program i.e. mechanical energy. 

 

2.3 Teaching methods and techniques 

For the curriculum objectives do not integrate the experimental know-how objectives, 

teachers are not obliged to experiment. Therefore teachers use the expository method. The 

problem of this method is the difficulty to generate the interest of learners. 

 

3. Materials and Methods 

3.1 Sample 

Two public secondary schools (Lycée Municipal de Koudougou (LMK) and Lycée Communal 

de Koudougou (LCK)  and two private secondary schools (Collège Sainte Monique (CSM) 

and  Lycée Privé Wend Songda (LPWS)) of Koudougou city constituted the secondary 

establishments  involved in the present study. Four qualified and experimented teachers are 

concerned by the study. The sample of students is expressed as followed: 40 students from 

CSM, 47 from LPWS, 78 from LMK and 81 from LCK. The sample of 256 students shows 

that the major of students comes from public schools that have more students than the others. 

3.2 Instruments of assessment 

Two methods have been used to collect our data: (1) Class observations by means of 

observation grid conform to Burkina Faso official class observation grid. The observed class 

situations are constituted by twenty seven lessons and sixteen exercises sessions. (2) 
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Evaluation test that subject is given in annexe.  Two hundred and fifty six students have been 

evaluated. 

3.3 Hypotheses  

Two hypotheses have been set and guided our data analysis: 

Hypothesis 1: Students do not master the prerequisites for learning mechanical energy 

The indicators of this hypothesis are the incapability to: (1) define the concepts; (2) represent 

weight vector and velocity and (3) represent the force acting on a body. 

Hypothesis 2: Students are uncomfortable with problems that treat mechanical energy concept 

after class. 

The indicators of this hypothesis are the incapability to: (1) define the specific concepts of 

mechanical energy, (2) calculate gravitational potential energy; (2) calculate the work of 

weight vector, (3) determine force effect of on a kinetic energy and (4) apply the relation of 

mechanical energy transfer. 

We adopt 75% of confidence level in our study. This means that hypotheses are verified when 

less than 75% of students marks are superior or equal to 10/20 (i.e. less than 75% of students 

succeed) in each question of each hypothesis indicator.  

 

4. Results and discussion 

4.1 Presentation and analysis of class observation data 

Class observations pointed out that students (1) confused (a) the work of the weight vector 

and the gravitational potential energy, (b) the altitude and the height and (2) have 

misconceptions about reference frame, body in translation, etc. Teachers in class do not take 

into account these mistakes for permitting good learning. Students are uncomfortable with 

force work, vectors and their graphical representations. 

Teachers’ schemas are not clear enough and/or are not contextualized for good learning. In 

exercise sessions teachers do not insist on students’ difficulties shown during lesson sessions.

 

4.2 Presentation and analysis of students’ productions 

Table 1 gives a global performance of students. It can be seen that only 101 students (42.44%) 

succeeded.  This poor global performance comes from the individual poor performance shown 

in table 2. 

 

 



INTERNATIONAL JOURNAL OF ADVANCED SCIENTIFIC RESEARCH AND TECHNOLOGY                                        

ISSUE 2, VOLUME 3 (JUNE- 2012)                                                                                                                    ISSN: 2249-9954 

 Page 507 
 

Table 1: Students’ global performances 

Mark 

intervals 

[0;2[ [2;4[ [4;6[ [6;8[ [8;10[ [10;12[ [12;14[ [14;16[ [14; 20] Total 

Number of 

students 

0 08 25 37 67 54 32 11 04 238 

Total 137 101 238 

 

In table 2 that shows the performance per establishment, it can be retained that the poorest 

performance comes from LPWS with 17.8% of succeed and the best performance is observed 

with CSM (50%). These results highlight that students’ performances do not only depend on 

teachers’ qualifications. In fact, public establishments that have the best teachers do not 

present the best performance. 

Table 2: Students’ performances per establishment 

Establishments Number of students Marks less than 10/20 Marks more than 10/20 

Number Percentage Number Percentage 

LMK 75 38 50,7% 37 49,3% 

CSM 40 20 50% 20 50% 

LPWS 45 37 82,2% 08 17,8% 

CCK 78 42 53,8% 36 46,2 

Total 238 137 57,6% 101 42,4% 

 

For well analysing students’ difficulties, we will examine in the following their performances 

and their productions. 

 4.2.1 The incapability for defining concepts 

 Students’ productions are given in table 3. If the response is good it will be noted by 

“succeed” and in the case of false response we will put “fail”. Each evaluation test question is 

codified by “Q” following by the question number.( e.g. Q1 for  question number 1). 

It is important to note that only 238 students’ copies have been received and analysed after 

evaluating 256 students. Therefore 18 copies are lost. 

The analysis of table 3 shows that students do not know the condition of the steady state 

operation of a converter (only 11.3% of succeed) while they are comfortable with the 

definition of the mechanical energy of a system (85.3% of succeed). The results of table 3 let 

us assert that out of the definition of a body in translation (47% of succeed) and the definition 
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of the condition of the steady state operation of a converter (only 11.3% of succeed) students 

know the definition of the other main concepts involved.   

Table 3: Student’s performances in relation with the prerequisites 

 

Codes 

 

Prerequisite elements 

Responses 

Succeed Fail 

Number % Number % 

Q1 Define body in translation 112 47 126 53 

Q3 Define  the mechanical energy of a system 203 85.3 35 14.7 

Q4 Define isolated mechanical system  125 52.5 113 47.5 

Q5 Define a mechanical converter 131 55 107 45 

 

Q6 

Give the conditions of steady state operation of a 

converter  

 

27 

 

11.3 

 

211 

 

88.7 

Q9 Give a precision about the reference frame 149 62.61 89 37.4 

 

Q10 

Give qualitatively the variation of the velocity of 

motion body 

 

135 

 

56.7 

 

103 

 

43.3 

 

Q15 

Precise and justify in what case (s) a system is 

isolated 

 

156 

 

65.6 

 

82 

 

34.4 

 

                      4.2.2 The incapability for representing vector 

Table 4 shows that students are uncomfortable with vector representation.  

Table 4: Students’ performances in relation with vector representation 

 

Codes 

 

Questions 

Responses 

Succeed Fail 

Number % Number % 

 

Q8 

Represent the weight vector and the 

velocity  
97 40.8 141 59.2 

 

Q14 

Represent the weight vector and the 

support reaction vector  that act on a 

object 

107 45 131 55 

 

For the understanding of student’ difficulty with vector representation, we will analyse 

student’ production (see figures 1 and 2). By considering the representation of the velocity 

(figure 1) it can be retained that student confuse the tangent and the part of body trajectory.  In 
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the case of the weight vector (figure 1), student thinks that it is always perpendicular to the 

trajectory. It is important to note that student does not know how to represent the weight 

vector even though it is firstly taught in the third form (three academic years before). This 

situation is due to the fact that weight vector in this class is taught as a scalar. Therefore 

pedagogical method may be responsible to student difficulty. 

 

Figure 1: Representation of weight vector and velocity  

Figure 2 gives student’ production in relation with the representation of forces and . It is 

important to underline that in the case of the absence of the friction force f


, the support 

reaction vector  always is perpendicular to the trajectory. The analysis of the figure 2 

shows that student still considers the friction force even if it does not exist. He also forgets 

that friction vector is always parallel to the direction of the motion. Moreover, his support 

reaction vector is not perpendicular to the trajectory. It can be also noted that the weight 

vector and the support reaction vector are equal in intensity, have the same direction and have 

opposite senses. This observation points out that students confuses the case of body motion in 

translation on horizontal plane with body motion in translation on incline. Only the 

representation of the weight vector is correct.  It can be retained that student ignores the 

meaning of the friction force while this concept has be taught in the last academic year 

(second form). This observation justifies the assertion of Kobéna (2007): “ force creates a lot 

of hard time for our students because of its abstraction even his modelling seems simple and 

free from any ambiguity” 
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Figure 2: Representation of weight vector and support reaction vector in the case of the 

absence of friction force 

4.2.4 The incapability to reinvest the lesson contents for solving problems related to the 

concept of mechanical energy  

The performances obtain during the evaluation in case of the reinvestment of lesson contents 

are given in table 5.  This table shows that the worst performance is observed in question Q18 

(13% of succeed) and the best in question Q2 (84.4% of succeed). Basically, students are 

uncomfortable in questions highlighted in blue in the table 5. 

Table 5: Students’ performances in relation with lessons reinvestment 
 

Code

s 

 

Questions 

Responses 

Succeed Fail 

Number % Number % 

Q2 Give the expression of gravitational potential 

energy 

 

201 

 

84.4 

 

37 

 

15.6 

Q7 Precise in what case collision is elastic   80 33.6 158 66.4 

Q11 Deduce the effect of weight vector on the kinetic 

energy  

53 22.3 185 77.7 

 

 

Q12 

 

Calculate the 

gravitational 

potential 

energy  

at  H point  when its origin is 

taken in O 

166 69.8 72 30.2 

at  B point  136 57.1 102 42.9 

at H point  when its origin is 

taken in  O’ 

140 62 98 38 

at B point  91 38.2 147 61.8 

Q13 Calculate the work of the weight vector 59 24.8 179 75.2 

Q16 Determine the velocity of the body at A point 

when  friction force is neglected 

87 36.6 151 63.4 

Q17 Determine the intensity of pulling force  49 20,6 189 79.4 

Q18 Determine the velocity of the body  at A point 

when considering friction force  

31 13 207 87 
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The observation of students’ productions shows that their difficulty with elastic collision (Q7) 

is not due to the knowledge of the concept definition but in the used of many needed other 

concepts such as isolated system, internal energy, conservation of mechanical energy. 

The poor performance of students with the problem related to the effect of weight vector on 

the kinetic energy (Q11) come from their incapability to well define body in translation (see  

their performance in question Q1 in table 3). In that case they think that the velocity and the 

weight vector constantly are perpendicular. Therefore they are unable to deduce that weight 

vector has no effect in the kinetic energy. 

The examination of students’ copies shows that their difficulty with the work of the weight 

vector (Q13) comes from (1) the confusion between gravitational potential energy in a given 

point and the work of the weight vector. Therefore they confuse work and energy; (2) their 

difficulty with scalar product that defines the work of the weight vector and (3) their 

incapability to use the mathematical relation that expresses the conservation of the mechanical 

energy. 

Students’ copies related to question 16 (Q16) revealed that on one hand do not recognize 

isolated system and on the other hand are unable to use the appropriate relation for solving the 

problem. 

The poor performance in question 17 (Q17) is due to the fact that they are unable to properly 

use the mathematical expression of mechanical energy. In their mind, kinetic energy and/or 

gravitational potential energy vary in given point. We would like to underline here that among 

the forty nine students who found the good response only twenty three used the energy 

transfer expression in the case of non isolated system. The other twenty six students have used 

the inertial principle that has been assimilated to equilibrium condition. This shows that the 

statement of the subject has not understood.  

The main learners’ difficulty (Q18) is due to the fact that they do not know how to take into 

account the friction force. They are uncomfortable for their common treated situations always 

neglect this force.  

 

5. Testing hypotheses  

For testing hypotheses we give in table 6 the synthesis of the questions per indicator and per 

hypothesis. 
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Tableau 6: Synthesis of questions per indicator and per hypothesis 

Hypotheses Hypothesis  1 Hypothesis  2 

Indicators I1 I2 I3 I1 I2 I3 I4 I5 

Questions Q1, Q3, Q4, Q5, 

Q6, Q9, Q10, Q15 

Q8 Q14 Q2, 

Q7 

Q12 Q13 Q11 Q16, 

Q17, Q18 

The results related to hypothesis 1 are shown in table 7 and those of hypothesis 2 are given in 

table 8. Based on table 7 results and our condition of confidence level of 75% that assumes 

the validity of the hypothesis if 75% of students do not succeed in each question of each 

indicator, we can assert that our hypothesis 1 is validated. Thus, students do not master the 

prerequisites for learning mechanical energy. 

Table 7: Synthesis of results of hypothesis 1 

 
Questions codes Q1 Q3 Q4 Q5 Q6 Q8 Q9 Q10 Q14 Q15 

Succeed (%) 47 85.3 52.5 55 11.3 40.8 62.6 43.3 45 65.6 

Fail (%) 53 14.7 47.5 45 88.7 59.2 37.4 56.7 55 34.4 

 

With the same confidence level of 75% and based on the results of table 8, we affirm that our 

hypothesis 2 also is valid. Therefore students are uncomfortable with problems that treat 

mechanical energy concept. . 

 
Table 8: Synthesis of results of hypothesis 2 

Questions codes Q2 Q7 Q11 Q12 Q13 Q16 Q17 Q18 

Succeed (%) 84 33.6 22.3 56.8 24.8 36.6 20.6 13 

Fail (%) 53 14.7 47.5 43.2 75.2 63.4 79.4 87 

 

6. Conclusion 

 

This study showed that learners are uncomfortable with the prerequisite of learning 

mechanical energy and are unable to reinvest the concept related the mechanical energy 

concept in solving problem context. These situations come from the expository teaching 

method and their difficulty to distinguish energy and work especially in the case of 

gravitational potential energy and the work of weight vector. As many problems of 

reinvestment can be solved in class context, we suggested to teachers to take time to bring out 

students’ misconceptions and take them into account for facilitating their learning. In the 
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perspective of this work, it will be useful to investigate the teaching and learning conditions in 

the case of energy transfer by electrical work or energy transfer by heat.  
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ANNEXE: SUBJECT OF THE EVALUATION TEST  

 

Class :                                                                           Duration : 04 hours 

 

First name :…………………………………………  Last name : ………………… 

 

EXERCISE 1  

1) Define a body in translation?  

2) Give the expression of gravitational potential energy of a system and precise each term of the 

expression.   

3) Define mechanical energy of a system 

4) What is an isolated mechanical system? 

5) What is a mechanical converter?  

6) In what conditions a converter operates in steady state?  

7) Define an elastic collision 

 

EXERCISE 2  

The following curve represents the trajectory of the center of mass G of a ball with 2kg weight 

during a weight launched in Pysical Education lessons. In this exercise H is the highest point of the 

trajectory and the intensity of the gravity is g= 9.8 N / kg. 
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1) After setting out the curve, represent the weight vector  and the velocity  of the ball in each 

of the points A, H and B. Specify the study reference frame (or solid reference) of the motion.  

2) How varies the value of the speed of the ball during its motion between the points O and H and 

from the point H to the point B? Deduce the effect of weight vector on the kinetic energy. 

3) Calculate the gravitational potential energy of the ball at point H and point B in the following 

cases: 

  a) when the origin of the potential energy and altitude is taken at the point O. 

  b) when this origin is taken at the point O '.  

4) Calculate the work done of the weight vector of the ball when it moves from point A to point B.  

 

 

EXERCISE 3  

 

An object with a mass 500g, considered as a material point, can slide without friction on a track 

ABCD (see figure below). Its speed as it passes the point A is not zero and it reaches the point B 

with a speed of 27km / h. The action of the air is neglected.   

Data: AB = 1.6 m, BC = 1.4 m, α = 30 °, β = 50 °. g = 9.8 N / kg. 

 

 

1) Represent the forces acting on the object at a point M of the track.  

2) Can we consider the system {Earth-Object} as an isolated system? Why?  

3) Determine the speed of the object as it passes at the point A.  

4) On the portion CD, the object is subjected to a constant pulling force parallel to the track, so 

that the value of its speed remains constant and equal to the speed reached at the point C. Determine 

the value F of this pulling force.  

5) In reality, the sliding takes place with friction forces whose resultant parallel to the track has an 

intensity of 0.8 N.  Is the system {Earth-Air-Object} isolated? Determine the speed of the object at 

the point B. 
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