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Abstract—This work is part of a larger research, conducted in Greece,
about the students’ difficulties in understanding the concepts and phenomena of
Electricity. The goal of this study is to present the high school students’ difficulties
and their causes into the study of basic direct current (dc) circuits, due to the
concept of the electromotive force (emf). Researches in over the world have high-
lighted that the concepts of the emf and the potential difference (pd) create many
problems to the students in the study of dc circuits. These difficulties are presented,
analyzed and is made an attempt to identify their causes. The results show that,
in addition to confirming the existing literature enriched with new findings, to
address these difficulties is necessary the development of a teaching approach
based on an education model with a new curriculum, where needed (in Greece,
for example) and an appropriate education material so that to overcome the lack
of understanding of the concepts and laws shown by the students.

Keywords—dc electric circuits, high school students’ difficulties, electromotive
force, potential difference, Ohm’s law, Kirchhoff’s laws

1 Introduction

The educational community considers that understanding the students’ interpreta-
tions of the concepts of Physics is very important for the learning process. An appro-
priate teaching strategy and curriculum improvement can be achieved only with the
identification of the conceptual impediments faced by the students in the study of the
natural phenomena and relative theories.

More specifically, for electrical phenomena there are several studies on students’
understanding of basic concepts like current, potential difference, resistance [1], [2], [3]
and laws such as Ohm’s and Kirchhoff’s laws [4], [5], [6]. These studies have confirmed
that the difficulties faced by the students are both conceptual and reasoning and create
misunderstanding and alternative ideas [2], [ 7], [8]. The degree of difficulty seems to be
greatest when in the electric circuits the battery is real, that is when the students must
use the concept of the electromotive force (emf). Comparatively little research has been
published on high school students’ understanding of this concept which is fundamental
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to understanding both dc circuits and electromagnetic induction phenomena and studies
performed on teaching and learning emf concept are not encouraging. Garzon et al [9]
support that it is important that students understand the difference between emf and
potential difference in the context of dc circuits, where both concepts have relevance.

A qualitatively analysis and study of the simple circuits requires a sufficient under-
standing of emf concept on the part of students [2], [9]. Studies conducted in many
countries with different educational system indicate that the obstacles created by this
concept are common and insist strongly.

This article describes the attempt to find out what students from Greece have under-
stood about the concept of emf into the study of basic dc circuits. At the same time is
performing an error analysis of the students’ conceptual and reasoning difficulties so
that the causes of these difficulties that students face when they have to use the concept
of emf are investigated and identified.

2 The emf concept in upper secondary school physics courses

The concept emf appears in the Greek literature as a feature of the electric source.
To have current in an electric circuit a device such as a battery that transforms one type
of energy (chemical, mechanical or light, for example) into electric energy is necessary.
Such a device is called a source of electromotive force. The emf & of a battery is the
maximum possible voltage the battery can provide between its terminals. It expresses
the energy W offered by the source in each unit of electric charge ¢. For example, if the
power source has a 3 volt emf, it means that it provides 3 joules of energy per 1 coulomb.

E=Wig (1)

Because a real battery is made of matter, there is resistance to the flow of charge
within the battery. This resistance is called internal resistance . For an idealized battery
with zero internal resistance, the potential difference (pd) across the battery (called its
terminal voltage “V ") equals its emf. For a real battery, however, the terminal volt-
age is not equal to the emf for a battery in a circuit in which there is a current.
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Fig. 1. Circuit diagram of a battery of emf &, of internal resistance », connecting to an
external resistance R
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The battery in Figure 1 is represented by the dashed rectangle containing an emf &
in series with an internal resistance . A resistance R is connected across the terminals
of the battery.

Passing from the negative terminal to the positive terminal, the potential increases
by an amount £. Moving through the resistance », however, the potential decreases by
an amount /-», where [ is the current in the circuit. Therefore, the terminal voltage of
the battery

AV=Vv =E-Ir 2)

term

The actual potential difference between a battery’s terminals depends on the current
in the battery as described by Equation 2. But the terminal voltage equals the poten-
tial difference across the resistance R: V| =V, = IR. Combining this expression with
Equation 2 results

E=IR+1Ir
Solving for the current gives
I1=E/(R+7r) 3)

Equation 3 shows that the current in the simple circuit depends on both the resistance
R external to the battery and the internal resistance r and corresponds to Ohm’s Law
for the whole circuit.

In many cases teachers come up with Equation 3 using the principle of conservation
of energy. Namely the total energy output of the battery is delivered to the external
resistance and to the internal resistance

Vth = WR + VVr
or using the power’s concept

P/n/ = PR + Pr

EI=FR+ Pr

and eventually from this expression comes up with the Equation 3.

So, according to the scientific theory the emf measures the work carried out by no
conservative forces within the battery as it separates charges to generate a potential
difference; potential difference measures the work done on the charges by conservative
forces as they move from one point to another in a circuit. However, the traditional
curriculum and the classical teaching approach do not point out the different nature of
emf and potential difference. Zuza et al [10] argued that the circuit is often not explic-
itly analyzed in terms of energy balance and the role played by the battery’s emf in the
movement of electrons is often neglected.

3 Context of the research and methodology

The sample of the research consisted of 168 high school students (ages 16—17) who
had attended middle school courses to the basic concepts of electricity and electric
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dc circuit and continue the courses in the high school studying of simple electrical dc
circuits (16—18 hours of lectures totally), by applying complex concepts such as emf
and the laws of Kirchhoff and Ohm. In Greece, high school students choose groups of
courses depending on the University faculty they want to attend. So, in the class of 16
and 17-year-old students, two groups of courses are created: Sciences Pathway (ScPw)
with additional courses in Physics and Mathematics and Humanities Pathway (HuPw)
with additional human studies courses, while there are also some common courses such
as lessons of electrical phenomena.

Two groups of students constituted the total sample. (a) Sample 1 (109 students)
who had chosen ScPw’s courses and (b) Sample 2 with 59 students who had chosen
HuPw’s courses.

Simple qualitative questions, in form of a written test, were designed to find out
the students’ way of thinking and reasoning when they were asked to answer similar
questions — problems. The questions were created taking into account relevant sur-
veys and literature, or formed an original and standard composition for this research.
In addition, we conducted interviews, in order to get an in-depth picture of the students’
difficulties. The interviews were of various forms, such as semi-structured or open-
ended questions etc.

Students had to predict the outcome of specific changes in a system, observe, analyze
and solve problems that focus on qualitative understanding. The students’ answers and
ideas were analyzed focusing on identifying their understanding about the emf concept
and its role in the simple dc circuits; whether or not the answers given were correct was
a minor concern. The aim was to find the causes that create conceptual mainly difficul-
ties and how they prevent the confrontation of combinatorial concepts and problems.

During the survey, simple laboratory equipment was used, consisting of simple bat-
teries, cables, resistors and lamps, up to three in number.

4 Experimental procedure

In this study, students had to face qualitative questions and their answers are ana-
lyzed. These questions were designed to investigate students’ ideas about emf and how
it affects the study of simple electrical dc circuits. The questions probe students’ con-
ceptual understanding and through their answers an attempt is made to identify the
causes of the conceptual and reasoning difficulties.

The questions were asked to the students who had already studied the topic of direct
current circuits and emf concept in their physics lectures.

Four questions were designed; some of them required an in-depth discussion with
students with the aim of identifying their alternative ideas and the most problematic
aspects when they attempted to understand emf; in other questions the questionnaire in
the form of a test was sufficient.

Question 1

In the circuit given in the Figure 2 the battery is real (emf £ =10V, internal resistance
r=2Q) and is connected with a voltmeter and an ammeter; in the circuit (a) the voltme-
ter reading is 10V, while in the circuit (b) its reading is
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iy ¥=0
i)y V=5V
i) V=10V

Explain your choice

The aim of this question was to investigate students’ understanding of the concepts
of potential difference (7)) and emf (£') within a context connected to the normal teach-
ing of simple electrical dc circuits with a real battery.

From the discussion in the form of an interview with students, it emerged that option
(iii) was the one that was chosen by most students instead the correct option (i).

&r &, r
+ +
(®)

(@

Fig. 2. The potential difference and the electromotive force

This question highlighted the students’ confusion about emf and the potential dif-
ference or the terminal voltage (¥, ) in this case. Only a few students recognized that
in the circuit (b) there is current flow through the battery and the ammeter. This value
of the current is calculated using the Ohm’s law for the whole circuit (Eq. 3), without
resistance external to the battery (/= &/r = 10/2 = 5A) and finally the terminal voltage’s
value results from the Equation 2 (V,, = &—1r=10—5-2 = 0V). From the discussion
with the students it was confirmed [11], that several of them consider that potential
difference between the terminals of the battery is conceptually the same as the battery
emf and give to emf the same properties as the potential difference, which leads to not
distinguishing between the role played by the emf and by the potential difference in the
context of electrical circuits.

Thoughts like “in both circuits there is not current flow because there is not a resis-
tance R connected to the battery” or “the voltmeter measures the potential difference
which is the same to the emf, as in the first circuit” were frequent among students.

Question 2

In this question, the students were asked to predict the changes in the meters read-
ings when the value of the circuit resistance varies.

In the circuit given in the Figure 3, the battery is real (emf &, internal resistance r)
and is connected with a voltmeter, an ammeter and a resistance R. If the value of the
resistance R decreases, then predict the readings of the two meters

(i) The ammeter reading will increase and the voltmeter reading will decrease
(i1)) The ammeter reading will increase and the voltmeter reading will remain the same
(iii) The ammeter reading will decrease and the voltmeter reading will increase
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Explain your choice

Fig. 3. Real battery and the variations of the current and potential difference

Also this question was answered by the students in the form of an interview, so that
the dialogue between the teacher and the students would clarify certain points of the
students’ reasoning through their answers. The participants were 60 students and their
replies are summarized in Table 1.

Table 1. Students’ performance

Correct Reasoning Incorrect Reasoning
Students Total (n = 60) 28.5% 71.5%
ScPw (n, = 40) 37.5% 62.5%
HuPw (n,=20) 10% 90%

Note: Overview of students (n: number of students) performance on the question 2.

Only 17 students (28.5%) answered correctly. They recognized that decreasing the
value of the resistance R the value of the circuit current increases according the Ohm’s
law for the whole circuit (Eq. 3); then using the Equation 2 (V' = £~ I'r) they resulted
that the terminal voltage (voltmeter reading) decreases.

A particular feature of the responses was that while most students knew and remem-
bered the mathematical expressions of concepts and laws, many of them could not
implement and combine them properly to reach a correct conclusion. The students’
wrong answers were divided into two categories. To the first belong the students’
explains for the options (i) and (ii) where the value of the circuit current increases. “The
resistance decreases so the current increases, according the Ohm's law the current is
proportional to the potential difference of the resistance R and eventually the indication
of the voltmeter increases since it measures the resistance s voltage” or “the current
must be increasing but the voltmeter measures the value of the emf, so its indication will
not change” are some characteristic students’ thoughts. To the second category belong
the students’ explains for the option (iii) where the value of the circuit current decreases
and was the one less chosen. The most of these students were led to wrong conclusion
because they tried to use the Equation 2 directly, without considered the changes in

operation of the circuit. “According the expression V,| = & — I'r we can observe that
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the value of the terminal voltage decreases when the value of the current increases
since the emf remain always constant” was a typical answer.
The reasoning impediments emerged more through the students’ answers were:

1. Not a clear understanding of the concepts emf and potential difference. It is con-
firmed [11] that many students try to use science-based arguments without really
showing they know the difference between emf and potential difference and what
exactly the terminal voltage in a dc electric circuit means.

2. Wrong interpretation and apply the Ohm’s law and the relative formulas [/ = &/
(R, *+1r),I=V/R]

3. Failure to recognize the need and use the Kirchhoff’s law of voltage, where a dif-
ferent expression of it is the relation V| = & — I'r. Some students were unable to
recognize when there is a need to use the second Kirchhoff’s law, while some others
did not use it correctly. [The Kirchhoff’s law of voltage applies to a series of nodes.
It specifies that the algebraic sum of voltages between successive pairs of nodes of this
series is equal to the voltage between the last node and the first node (total voltage)].

The goal of the next two questions was to identify the impediments of the reasoning,
faced by students when they are asked to study the variations caused in a simple elec-
tric dc circuit with a real battery. Which are the difficulties created when the students
have to combine the concepts emf, potential difference and laws such as the Ohm’s and
Kirchhoff’s laws?

Question 3

The circuit shown in Figure 4 is containing a real battery (emf &, internal resis-
tance r), two bulbs L1, L2 and a resistance R. The switch (S) is open and the bulbs are
lit. If the switch (S) will close

(i) the L1 bulb’s brightness will decrease and the L2 bulb’s brightness remain the
same
(i) the L1 bulb’s brightness will increase and the L2 bulb’s brightness will decrease
(iii) the brightness of both bulbs will increase

Explain your answer considering the bulb’s brightness proportional to its power.

The question was given in a test form; participated and answered 168 students
(109 ScPw’s students and 59 HuPw’s students). It was expected that the presence of
the real battery and the configuration of the circuit would create significant difficulties.

. "D

Fig. 4. The brightness of the bulbs
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Only 33 students (19.6%) answered correctly. They thought that the connection
in parallel between the resistance R and the bulb L2 results the reduction of the cir-
cuit’s resistance value and at the same time the increase of the circuit’s current value
and the potential difference of the bulb L1 [Ohm’s law: / = E/(Req +7), V=1IR,]; in
addition, according the Equation 2 the terminal voltage decreases. Therefore the poten-
tial difference of the bulb L2 decreases as results from the second law of Kirchhoff
.., =V, +V,). Eventually the brightness (P = V'*/R)) of the bulb L1 will increase
and the brightness of the bulb L2 will decrease.

The analysis of the results (see Table 2) showed that the main cause of the difficulties
faced by the students was their inability to understand that emf and potential difference
or terminal voltage, as called the potential difference between the terminals of the bat-
tery, are not conceptually the same. This fact led the most of the students to others basic
reasoning errors grouped into the next categories:

cl. The potential difference at the ends of the battery (terminal voltage) is independent
of the current through the battery.

c2. Mechanical use the Ohm’s law for the whole circuit (Eq. 3) and for any passive
element of the circuit (V' = IR), as well as difficulty in using and applying of the
second Kirchhoff’s law (law of voltages).

c3. Difficulty in selecting the appropriate mathematical expression for the bulbs’
power; due to the previous misconceptions and conceptual impediments some
students tried to use the power’s formula (P = I°R) for both bulbs and other the
expression (P = £1) ignoring the presence of the resistance R and its role.

Table 2. Students’ performance

Percentage (%) of Students Answers Overall and By Studies
Correct Reasoning | Incorrect Reasoning | Without Reasoning
Students Total (n = 168) 19.6% 72.1% 8.3%
ScPw (n, = 109) 25.7% 70.6% 3.7%
HuPw (n,=59) 8.5% 74.6% 16.9%

Note: Overview of students (n: number of students) performance on the question 3.

From the results shown in Table 2 we can highlight the following characteristics.

a. Many students trying to explain their answer made 2 and 3 different errors at the
same time.

b. The significant number of HuPw’s students who answered without arguing and with-
out giving any reasoning for their choice.

c. The difficulty of the power’s formula (P = VI, P = I’R, P = V*/R) manipulation in a
certain case. The students prefer to use the concept of the current because they con-
sider that understand it better related to the concept of the potential difference; but in
many cases, like this one, this choice creates the need of more complex thoughts and
arguments resulting in the students being led to incorrect conclusions.
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. The wrong application of Ohm’s and Kirchhoff’s laws. It is obvious that in the

mind of many students the functional relationship between potential difference,
current and resistance for a part of the circuit (¥ = /R) and for the whole circuit
(Eq. 3) is unclear. In addition, the students try to avoid the use of the Kirchhoff’s
laws due to the misunderstanding they have of the emf, potential difference and
terminal voltage.

In the diagram given in the Figure 5 is shown the percentage appearance of the stu-

dents’ reasoning errors when they tried to answer the question 3.

80% 1
58.4% 59.0%
60%
Total
40% -
= ScPw
® HuPw
20% -
0% r T 1

cl. The terminal voltage is c2. Application of c3. Power’s formula
independent of the current Ohm'’s and Kirchhoff’s selection
through the battery laws

Fig. 5. The percentage appearance of the incorrect reasoning

Observing the appearance of errors in students’ answers and having discussed with

them their ideas about the question 3 we can emphasize the following:

1.

12

HuPw’s students generally prefer to use the concepts and relationships they find
simplest and believe they understand them better. For this reason they avoided
using the concepts of emf and terminal voltage. This resulted in a relatively small
percentage of category cl errors. This fact led most of these students to choose
relationships with the concept of current (power’s formula, Ohm’s law); but in this
case, where the current passing through the bulbs and battery is changing, it creates
reasoning impediments and wrong conclusions (high percentage of categories c2
and c3 errors).

. For the most ScPw’s students the difficulty was the prediction of the power’s vari-

ation of the bulb L2. They recognized the appropriate power’s formula (P = V*/R,)
and tried to find out the potential difference’s variation of the bulb L2; but the battery
emf has a constant value while the potential difference at the ends of the battery,
called terminal voltage, depends on the circuit topology and the current and equals
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the sum of the potential difference of the two bulbs (¥, = V,,+V,,). This fact and
the poor understanding of emf, potential difference and terminal voltage create mis-
conceptions and reasoning errors (high percentage of category c1 errors).

For example some students’ thoughts and ideas were:

e “the resistance R is connecting in parallel with the bulb L2; so the potential differ-
ence of the bulb L2 does not change and therefore its power remain constant”

e “the circuits resistance value decreases and according to the Ohm's law the circuit's
current value increases, therefore both of the bulbs’ power (P = I*R ) increases”

e “the circuits resistance value decreases and according to the Ohm's law the circuit's
current value increases and at the same time both of the bulbs’ potential difference
increases (Ohm's law); this mean that also the bulbs’power (P = V?*/R)) increases”

o “with the connection of the resistance R the circuit’s resistance decreases and the
circuit’s current value increases (Ohm's law); therefore the potential difference
(V =1R,) and the power (P = V*/R,) of the bulb L1 increases and at the same time
the potential difference of the bulb L2 and its power decreases since the terminal
voltage remains constant (Kirchhoff's law: V. =V, +V, )"

After analyzing the results of question 3 and given the fact that students prefer to use
the concept of current, we wanted to discuss with them and to ask for their reasoning
about the variation of a bulb’s brightness in a simpler dc electric circuit. We wanted
to identify the causes why the concept emf creates reasoning impediments in a more
simple case, as described below. The discussion with the students took place in the form
of an interview.

Question 4

In the circuit given in the Figure 6, the battery is real (emf &, internal resistance r)
and is connected with the bulbs L1, L2. Initially the switch (S) is closed and the bulb
L1 is lit while the bulb L2 is not. If the switch (S) will open the brightness of the bulb
L1 will

(i) increase
(i1) decrease
(iii) stay the same

Explain your choice.

Opening the switch (S) the bulb L1 is connecting in series with the bulb L2 and the
circuit’s equivalent resistance R, will increase; so according the Ohm’s law (Eq. 3) the
value of the circuit’s current will decrease. Eventually the power and the brightness of
the bulb L1 will decrease (P = I’R)).

Participated and answered 166 students (107 ScPw’s students and 59 HuPw’s stu-
dents) and the results of their answers shown in the Table 3 having the characteristic
feature the higher percentage of students’ correct reasoning in relation to the results of
the question 3 (see Table 2); but at the same time the conceptual difficulties created by
the battery emf were identified.
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Fig. 6. The brightness of the bulb L1

Before question 4 was asked, there was a discussion with the students about the
results of question 3, so they had a thought guide that led many of them to the correct
reasoning and conclusions. Most of the incorrect reasoning and misconception were
due to students’ poor understanding of the concepts emf, potential difference and ter-
minal voltage and their inability to manipulate and apply Ohm’s and Kirchhoff’s laws.

Table 3. Students’ performance

Percentage (%) of Students Answers Overall and By Studies
Correct Reasoning Incorrect Reasoning | Without Reasoning
Students Total (n = 166) 52.5% 45.5% 2%
ScPw (n,=107) 63% 37% 0%
HuPw (n,=59) 34% 61% 5%

Note: Overview of students (n: number of students) performance on the question 4.

Some students tried to answer using the power’s formula (P = V?*/R); they argued
that “the circuit’s equivalent resistance Req increases so the current’s value decreases,

therefore the terminal voltage (V,, = & — I'r) increases and the potential difference
of the two bulbs will increase proportionally as will the L1 bulb’s power”. They equated
the terminal voltage to the sum of the potential difference at the ends of the bulbs L1
and L2, but were unable to compare the potential difference of the bulb L1 when the
switch (S) is closed and open respectively, as well as to apply Kirchhoff’s voltage law
,..= V., +V,) correctly. Other students tried to use the principle of conservation
of energy. Namely they considered that “the total energy output and power of the bat-
tery is delivered to the bulb L1 initially and then to the both bulbs when the switch is
open. Therefore the L1 bulb’s power decreases since the power (P = £'1) of the battery
remain constant”; these students ignored that the battery’s power depends on the cir-
cuit’s current which its value is changed.

There were also students which used the power’s formula (P = I°R); even to some
students who answered correctly, the reason why they preferred to use this formula
instead of (P = V*/R) is not clear. They tried to examine the change of current’s value

when the switch was closed and then when it is open by applying Ohm’s law, but his
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two expressions for a part of a circuit (V= IR) and for the whole circuit [/ = E/(Rm +7)]
and the presence of emf in the second relationship created to them confusion and rea-
soning difficulties. Some students even suggested using numerical data to answer the
question because they appear to trust more in the quantitative results of an equation
than in conceptual arguments based on facts; this preference states that students often
use and apply complex concepts and laws more mechanically than because they have
understood them conceptually well.

5 Concluding remarks and suggestions

During the study, we have identified some conceptual impediments which seem sim-
ilar to many students, even to the students of both the two groups of courses (ScPw and
HuPw) when answering questions related to changing of the dc circuit’s operating con-
ditions and emf. This description of the students’ ideas concentrated on some persistent
specific difficulties and the interpretation thereof; these difficulties are both conceptual
and reasoning.

Our results are confirmed by findings in previous studies on students’ understanding
of electricity, such as a vague understanding by the students of electromotive force [9].
When students are confronted with qualitative questions they show a reluctance to
explain the meaning of emf and prefer to use mathematical formulas more in mechani-
cal way. We strongly believe that this reluctance is due to a lack of understanding of the
concept of emf and difficulty in distinguishing it from potential difference, but at the
same time moreover of other concepts and laws, such as Ohm’s and Kirchhoff’s laws.
For example, the inability of distinguishing the Ohm’s law for the whole circuit and for
a part of it, or the wrong application of the Kirchhoff’s voltage law, or the confusion of
both these two laws [9], [12], [13]. In addition, in Greek schools the teachers, following
the traditional teaching approach present the theory as fact with the rapid introduction
of the related concepts and make it difficult for the students to understand the role of
emf in the operation of the circuit and its distinction from the potential difference; the
emf pertains to the work done by a non-conservative force to move a charge between
the terminals inside the battery, while the potential difference pertains to the work done
by a conservative force to move the unit of charge between the terminals outside the
battery. Therefore the conclusion of Mulhall et al. [14] is confirmed that both students
and teachers have problems describing energy transformations in a circuit within a
coherent framework, while A.C. Rose-Innes [15] also argues that any difficulty usually
arises from a misunderstanding of the nature of emf. Eventually many lessons delivered
in the class still use lecture methods and this situation makes students present a lack of
interest in learning even basic concepts of Physics [16].

Students’ difficulties with learning the electromotive force concept in electric cir-
cuits seem to be strongly linked to the absence of a conceptual framework for thinking
and the construction of new knowledge appropriately; as a result laws and concepts like
emf become something that is memorized.

Many researches [ 1 7] maintain that the education of the Physics requires experimen-
tal practice in order to enhance the understanding phenomena and processes on the con-
cepts it is based on. So, modifications to teaching strategies, like educational models

1JES — Vol. 10, No. 03, 2022 15



with laboratory and auxiliary courses accompanied by appropriate material, may con-
tribute to alleviating the difficulties faced by the students [18]. Senior cognitive skills,
such as problem solving can be improved through students’ active learning methods,
which aim at participants’ exploring and applying knowledge, themselves [19]. For
example, for students to understand the role of the emf in any circuit and to distinguish
it from related concepts such as potential difference and terminal voltage, it is useful
to analyze the energy balance in the circuit. Considering the energy balance gives con-
sistency not only to the emf concept but also to the generalized principle of work and
energy embodied in Kirchhoff’s second law [9], [10], [20].

Zuza [10] argues that identifying which concepts and theories students learn well,
and with which they have difficulties, can guide teaching and curriculum development.
Therefore, for evaluation of the new procedures’ and the teaching ways’ should be cre-
ated equivalent control and experimental groups from research’s sample. In the exper-
imental group, will be applied the new proposals and in the control group the existing
traditional methods. The evaluation of the students’ performance, with suitably config-
ured evaluation tools, could attribute to the enrichment of the research base and to the
improvement of the educational strategies.
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