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Abstract: The awareness and use of conceptual metaphors available in ordinary language should
be a relevant part of teaching strategies, yet it is still rather neglected in teacher education. With a
specific activity, we integrated a class of prospective kindergarten and primary school teachers on
electric circuits with a reflection on the cognitive and linguistic aspects of metaphor. To understand
how effective this integration proved to be, both in terms of learning and in terms of developing
teaching skills, we conducted a single case study with a mixed qualitative–quantitative methodology.
Student teachers were invited to analyze and discuss expressions on electric circuits selected from
those they themselves had formulated at an earlier time. Here, we present some relevant results
from the analysis of the students’ elaborations, highlighting how they worked with metaphors. They
demonstrated a better understanding of the subject matter and greater awareness of teaching as well,
in particular for what concerns the use of language and identifying and overcoming implicit ideas.

Keywords: K-5 and kindergarten teachers’ education; electric circuits; conceptual metaphor

1. Introduction

“[. . . ] metaphor is primarily conceptual, and secondarily linguistic, gestural, and
visual. There are metaphorical ideas everywhere and they affect how we act” [1]. As a
consequence, it is crucial for teachers to be able to both understand the concepts conveyed
by children’s language when they speak and the implications of what they themselves say
when they teach. Normally, during their training in science and science education, teachers
are not made adequately aware of the power of language in conveying concepts, nor are
they instructed to identify potential misunderstandings through linguistic analysis.

Indeed, during the Italian five-year university program for prospective kindergarten
and K-5 teachers, a set of courses is traditionally offered that includes, on the one hand, a
solid preparation in pedagogy, linguistics, and psychology, and, on the other hand, contents
and methods of subject education in various disciplines, with the integration of a number
of hours dedicated to laboratories and internships [2]. Student teachers, however, need
to acquire transversal skills, in particular, to integrate into a single cultural framework,
tools and methods typical of the sciences with those of the humanities and to transform
into competences [3–5] the educational contributions from the pedagogical area with those
of the disciplinary spectrum in order to achieve Pedagogical Content Knowledge [6–13].
Nevertheless, no matter how thoroughly student teachers could be prepared within the
individual areas of training and disciplinary subjects, this important integration, capable
of producing authentic expertise, as well as the acquisition of soft skills and transversal
competences, is mostly left to the initiative and innate talent of the individual student
teacher [14].

In recent years, efforts in the integration of natural sciences and humanities have
led to didactic innovation in student teachers’ physics education, both for prospective
kindergarten and primary school teachers [15–18] and secondary school teachers (see, for
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example, [19,20]). We find it interesting to ask how to teach future teachers the power
of a metaphorical approach in teaching and learning physics that is able to highlight the
conceptualizations conveyed by language and that form the very basis of thinking.

In this perspective, we present the structure and outcomes of a formative, research-
based intervention module where prospective primary teachers of the 3rd year of the
Master in Primary Education at the University of Udine in Italy have been invited to reflect
in terms of conceptual metaphors on their own way of treating electric circuits. Within this
master’s program [2], 300 university credits (awarded for attending theoretical courses and
passing related examinations, laboratory, and internship activities) are to be acquired by
each prospective teacher. Each credit corresponds to 25 h of commitment. Eight credits are
assigned to physics education, corresponding to 56 h of lectures (plus the accompanying
study), and one credit to laboratories. Topics include measurement and units, density
and Archimedes’ principle, the fundamentals of mechanics and celestial mechanics, the
basics of acoustics, thermology and thermodynamics, and elements of electrostatics and
electric circuits.

With this paper, we aim to understand how student teachers respond to an activity
that engages them in dealing with conceptual metaphors on electric circuits. In addition,
in light of the multifaceted (pedagogical, psychological, and disciplinary across a broad
spectrum of disciplines) training required for student teachers and the complexity and
intensity of their teaching commitment, we question whether it is worth reflecting on
cognitive and linguistic aspects in the context of physics preparation.

In the second section, we briefly introduce the conceptual metaphor theory in its
general aspects and highlight its relevance in science and science education. Then, in
“3. Conceptual metaphor in electric circuits and purpose of this work”, we report on some
topics of the literature’s discussion on metaphors in electric circuits, in particular, to frame
the aim of the present research. The fourth section, “Methodology and data analysis”,
contains the methodological grounds and the description of the didactic intervention, the
results of the analysis of students’ feedback, and their metacognitive reflections about the
intervention. Then, in the fifth section, we discuss the most relevant outcomes, and in
“6. Summary”, we summarize the scope and meaning of our investigation.

2. Conceptual Metaphor Theory: A Brief Outline

It is superficially assumed that what we say, think, and understand relates directly to
(an outer) reality—language and thought are supposed to be literal. However, the studies
on conceptual metaphor, started in the late 1970s by Michael Reddy and George Lakoff and
developed to the present, show that “metaphor is primarily conceptual, and secondarily
linguistic, gestural, and visual” [21–23]. Most linguistic expressions we use reveal that
our mind works figuratively: it makes use of schematic figures, forms, or shapes created
in experience.

Metaphorical projection is one of the main tools of figurative thought. A conceptual
metaphor is a projection of a known (source) domain, i.e., the conceptual domain from
which we draw metaphorical expressions, onto an unknown (target) domain, i.e., the
conceptual domain that we try to understand. The popular metaphor LIFE IS A JOURNEY

conceptualizes life, the complex domain that we want to (partially) explain, by means of
abstractions we have learned from journeys. So, we project “journey” onto “life” and say
expressions where life has a beginning and an end, where we follow paths and tracks, we
travel alone or in the company of someone else, we have goals, we get lost, we are tired or
energetic, etc. Using Gibb’s expression, “Metaphor is not [. . . ] a form of speech—[it is] a
form of thought. . . ” [24] (p. 122).

Metaphor (and metaphorical projection) is an interesting meeting ground between
disciplinary branches, perhaps not yet fully explored and exploited by scholars. For
example, the linguistic approach championed by Galileo, one of the recognized founding
fathers of modern science, is a highly figurative one [25]: his expressions are not only a
beautiful way of saying things, but a means to evidence their deeper structures. One should
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take into consideration the famous sentence, “Philosophy is written in this grand book, the
universe, which stands continually open to our gaze. [. . . ] It is written in the language of
mathematics, and its characters are triangles, circles, and other geometric figures. . . ” [26]
(pp. 183–84) or the pictorial description of motion’s relativity: “Shut yourself up with some
friend in the main cabin below decks on some large ship. . . ” [27] (pp. 186–87). Through
metaphor (respectively, “NATURE IS A BOOK” and “PLANET EARTH IS A SHIP”), Galileo
conveys the meaning and structure of the object of his thought.

Many linguistic expressions, in common language [18], in scientific language [28], and
even in mathematics [29], are the result of such a mental operation. We often have no way
of expressing ourselves except by using metaphors, and we do so mostly unconsciously.
For example, the expression “The cash flow of our company is negative” applies the schema
of FLUID-LIKE SUBSTANCE to money, or “Temperature is rising all over the Planet” applies
the schema of VERTICALITY or SCALE/LEVEL to temperature. Money is not actually flowing
out of the company borders, and temperature is not concretely going upwards, but it is
useful to our mind to employ such figures of imagination to give a sense or understand
aspects of money and temperature (it is not by chance that a thermometer is normally hung
vertically on a wall, even if it would also work horizontally). It is worth pointing out that a
metaphor or a metaphoric expression (a linguistic expression relying on a metaphor) does
not exhaustively define a subject, especially if complex or abstract, but it sheds light on an
aspect of it, and, doing this, may obscure other aspects [22]. Applied to the world of physics
and its teaching, such as in Lancor [30], this results in the realization that, for instance, when
teaching energy and its characteristics “The conceptual metaphors highlight and obscure
the characteristics of energy to varying degrees [. . . ] Additionally, multiple metaphors often
work together to illustrate complementary aspects of energy.” In other words, metaphor
theory emphasizes the inadequacy of the myth of objective or literal thought.

The fundamental and simplest abstractions recruited in metaphors, called, in this case,
primary conceptual metaphors, are the image schemas, small-scale embodied structures, we
could think of as the bricks of thought. An image schema is a condensed redescription
of perceptual experience for the purpose of mapping spatial structure onto a conceptual
structure. Table 1 lists the image schemes that, of all others, are considered the fundamental
ones in numerous studies [31–33] and by a comprehensive bibliography [34].

Table 1. Main categories and image schemas as collected from different literature sources [31–34].

Category Image Schemas

Polarity light-dark, warm-cold, female-male, good-bad, just-unjust, slow-fast

Space up-down, front-back, left-right, near-far, center-periphery,
verticality, contact, path, scale, level

Process process, state, cycle
Container containment, in-out, surface, full-empty, content

Force/Causation
(Agent/Patient)

balance, counterforce, compulsion, restraint, enablement, blockage,
diversion, attraction, manipulation

Unity/Multiplicity merging, collecting, splitting, iteration, part-whole, mass-count,
numerable, link

Identity matching, superimposition
Existence removal, bounded space, object, (fluid-like) substance

We can spot various abstractions used in physics, such as CONTAINER, FORCE, BAL-
ANCE, or FLUID-LIKE SUBSTANCE. From the point of view of conceptual metaphor theory, it
is inevitable, even in physics as an outcome of our figurative mind, to talk about many top-
ics using metaphorical expressions, the most common of them coming from image schema
projection (see below, for example, in the field of electricity). It must be emphasized, if not
yet clear, that though our mind extracts or abstracts the image schemas from experience,
it (metaphorically) projects them back to experience as true abstractions. For example,
“electric current” is a metaphorical expression of the metaphor that ELECTRICITY IS A FLUID-
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LIKE SUBSTANCE, but no one would attribute to the electric current the characteristics of
wetting surfaces or of being viscous like water or oil currents.

3. Conceptual Metaphor in Electric Circuits and Purpose of This Work

Conceptual metaphors, including—in a more general sense, as commonly found in
the literature—(alternative) conceptions, images, and models, are powerful points of view
for research in physics education. Investigation into the alternative conceptions of stu-
dents as well as teachers about electric circuits has been extensively conducted [35,36].
Studies concerning metaphors for electricity are useful to frame the topic of this paper.
Mulhall et al. [37] emphasize that electricity involves extremely complex and highly ab-
stract concepts and is thus totally dependent on models/analogies/metaphors. They
conclude, however, that the poor understanding students show after being taught elec-
tricity is to be put in relation to the absence of any systemic consensus about what mod-
els/analogies/metaphors are appropriate for students at different grades and, consequently,
what are the appropriate learning outcomes in every level. Shaffer and McDermott (see [38])
and Psillos et al. [39,40], for example, adopt opposite positions about the appropriateness
of the electric current metaphors and of the potential difference/energy metaphors as start-
ing points for the systematic study of electricity at the senior high school/undergraduate
level. Moreover, McDermott strongly argues that flow analogies are inappropriate, while
Schwedes and Dudeck [41] strongly argue the opposite. Stocklmayer and Treagust [42]
investigated the images students at various ages use for electricity. The model of current,
which is universally accepted, is the one of moving electrons on a wire, responding to a
difference of potential across the ends of the wire. Teachers then work on this image of
electricity with their students, but the authors point out that expert scientists hold a field
concept rather than a particle one.

In addition to these investigations, there are several others that highlight the difficulties
of learning the subject even if not referring to metaphor [43–49]. To a certain extent, these
misunderstandings may be concretely addressed if the teacher is aware of the implicit use
of metaphors and is prepared to expose and use them to increase the effectiveness of his or
her teaching.

A fair position about metaphors in general, and electricity in particular, especially in
view of the physics education of primary school and kindergarten student teachers, comes
from remembering the role of metaphors themselves in the construction of meaning. We are
not primarily interested in which conceptual metaphor is didactically and scientifically bet-
ter or worse, because—referring back to the theory of conceptual metaphor—we know that
metaphors highlight aspects, not the whole meaning. Moreover, Lakoff and Johnson [22]
argue that metaphors must be coherent, but not consistent. That means metaphors do not
need to make sense when you put them all together, but they cannot contradict each other
when we look at what they tell us about the underlying concept. We are more importantly
interested in the extent to which such a cognitive tool is learned and mastered by student
teachers, how critically and consciously they use it, and what is their attitude toward it.

So, the research questions of the topic of this paper are:

RQ1: To what extent do student teachers learn and apply conceptual metaphors to electric circuits?
RQ2: How do they react to an activity where they are engaged to deal with conceptual metaphors?
RQ3: In light of the multifaceted training necessary for student teachers, is it worth reflecting on
cognitive and linguistic aspects, even when aiming at preparation in physics, taking time away from
in-depth disciplinary study?

4. Methodology and Data Analysis

This research takes the form of a single case study [50] of a mixed type, i.e., both
qualitative and quantitative [51]. In the first qualitative phase, we wanted to actively
engage the students taking part in our survey and gave them a test with open questions on
the disciplinary content. In fact, we felt that our intervention would be more effective if it
was able to involve the students in first-person, making them express a topic just covered
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in class, on which they had to prepare themselves and, not secondarily, which they would
one day have to teach. Then, in a second test, we made them reflect on some of their own
expressions taken from the first one, using conceptual metaphors explicitly. Finally, in order
to be able to describe and synthesize the students’ results, we conducted a quantitative
analysis going through the interpretation of their expressions and the categorization of
the metaphors they contained. A purely quantitative analysis with a preconstructed
questionnaire would have been less effective, relegating students to a passive role and not
allowing them to feel directly involved. On the other hand, a purely qualitative analysis
would not have allowed us to formulate a summary of the effectiveness of this intervention.

The research involves 120 3rd-year students of the master’s degree in education at
the University of Udine in Italy. It started with a two-hour seminar during the semester.
After an introduction to embodied cognition, conceptual metaphor theory was developed
with examples from everyday language and from scientific language. Table 1, the image
schema, was presented to students and taken as a reference for the metaphorical analysis of
the examples. Teaching implications were discussed with the students during the seminar
concerning the importance of taking care of language, the possibility of building on the
abstractions (image schemas) already possessed by children, the opportunity for conceptual
development rather than conceptual change as the aim of the didactic practice, and the
power of metaphors in probing and understanding the children’s thought and learning. No
explicit reference to electricity and electric circuits was given; the specific scientific theme
taken as an example was energy.

Immediately after the seminar, the scientific content of electricity and electric circuits
has been treated as in previous academic years, with no explicit reference to conceptual
metaphor. The rationale of the path is articulated starting from educational proposals
for kindergarten and primary school centered on conceptual learning. The approach is
from the idea of tension or electrical potential, introduced in electrostatics as “a motor
for moving charges between different metals” to introduce the electric battery of Volta
and focus on the power supply role. The problem of how to identify an electric circuit is
posed operationally by asking to turn on a light bulb with a battery and electrical wires.
The resulting circuit addresses the topological problem of equivalence between different
positions of the utilizer with respect to the power supply in the circuit. The brightness of
bulbs in circuits in which the way of connecting bulbs and batteries is varied is examined
introducing the meaning of circuits in series and in parallel. The replacement of parts of the
circuit with different materials stimulates the development of the notion of the resistance
of conductors and insulators, which influences the brightness of the bulb and the electric
current. The introduction of voltmeter and ammeter is aimed at measuring voltage and
current in simple circuits to identify Ohm’s and Kirchhoff’s laws. The electrical power
concludes the content part. The course includes a historical overview of the interpretations
of phenomena in electrostatics and electrodynamics and an analysis of 10 physics education
research papers on common sense ideas and didactic proposals to overcome conceptual
knots. At the end of the course, an online test on electricity and electrical circuits consisting
of open-ended questions was administered to the students.

Then, student teachers were engaged in a metaphorical analysis work in accordance
with the contents learned in the two-hour seminar. As a base material, a set of expressions
were selected from their own answers to the test. These expressions were selected with
consideration of the fact that they contained the metaphors we were most interested in
(such as those related to image schemas such as NUMERABLE and FLUID-LIKE SUBSTANCE,
or VERTICAL SCALE and LEVEL) and that lent themselves most easily to analysis by students.
Some expressions were chosen because they were scientifically incorrect so that students
could correctly reformulate them. Table 2 lists the selected expressions: there are two or
three answers selected from four questions taken from the test.
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Table 2. Expressions selected for the students’ metaphorical analysis. The second column lists the
image schemas of the corresponding metaphors.

Questions and Answers Image Schema

1. I insert a switch in a battery-bulb circuit. I make myself small
and enter the copper wire of the circuit. What do I see when the

switch is open?
1.1 If the switch is open, I can see the electrons stopping!

They can no longer flow.
NUMERABLE SUBSTANCE
FLUID-LIKE SUBSTANCE

1.2 The current does not flow because the circuit is
interrupted.

FLUID-LIKE SUBSTANCE
PATH/CYCLE

2. What do I see in the connecting wire when the switch is closed?
2.1 The current intensity passes through the whole circuit. FLUID-LIKE SUBSTANCE

LEVEL/INTENSITY
2.2 In the wire, the electrons move from one pole to another

due to the difference in potential.
NUMERABLE SUBSTANCE

PATH/CYCLE
LEVEL/INTENSITY

3. How does it change what I see if I enter the wire before the
bulb or after the bulb?

3.1 If I enter the wire before the bulb, the current carried will be
very much, instead if I enter after the bulb when the current will

be very little because the bulb has stolen a part of it.

CONTAINER
FLUID-LIKE SUBSTANCE

3.2 There is a voltage drop. LEVEL/INTENSITY

4. If I were the electric charge, what “experience” would I have
while the circuit is working:

(a) In the wire before the bulb;
(b) In the bulb;

(c) In the wire after the bulb;
(d) Inside the battery.

4.1
(a) In the first phase, I would be in the company of

other electrons.
NUMERABLE SUBSTANCE

REMOVAL, PATIENT,
(b) I would lose some of my electron friends in the light bulb. CONTAINMENT, MERGING

(c) In the wire after the bulb I would be with fewer friends.
(d) Inside the battery I would be gathering new friends.

4.2
(a) I would flow very happily because I am positive. FLUID-LIKE SUBSTANCE,

(b) The light bulb steals all my happiness and turns it into light. STATE, REMOVAL, PATIENT,
FULL-EMPTY, CYCLE

(c) I would flow, but be sad because the light bulb stole all my
happiness!

(d) The battery makes me happy again.
4.3

(a) I flow, charged with energy, towards the light bulb. FLUID-LIKE SUBSTANCE,
(b) I undergo a transformation. PROCESS, PATIENT,

(c) I leave the light bulb less charged than when I entered. LEVEL/INTENSITY
(d) I become charged with energy.

Student teachers had to (i) evidence the metaphor(s) behind the linguistic expressions
in the answers, (ii) suitably reformulate the expressions on the basis of their analysis, and
(iii) motivate their choices. As a support, they had at their disposal the table of image
schemas. Moreover, (iv) they were invited to answer metacognitive questions and to write
a comment in reaction to the whole activity about conceptual metaphor. Student teachers
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worked individually through a second online, open question test, and the outcomes were
collected in a file. The preliminary results of this research were presented by one of the
authors (F.C.) at the GIREP Webinar Conference 2020 organized by the University of Malta.

The anonymized answers of 24 randomly chosen students have been analyzed by our
research group in different ways. In the metaphorical analysis, (i) the image schemas evi-
denced by the students have been categorized, (ii) the reformulations have been evaluated
in terms of content correctness, and (iii) of correspondence to the motivation. These analyses
were made by two of us independently, so as to minimize the possibility of misinterpreta-
tion and to check the validity and robustness of the interpretation and categorization that
were conducted.

We first report analytically the results of the analyses for the single answers, then we
will focus on some relevant aspects.

Sample answer 1.1: If the switch is open, I can see the electrons stopping! They can no
longer flow.

Twenty-one students detected both FLUID-LIKE and NUMERABLE SUBSTANCE metaphors,
and three students detected only one of the two.

Seventeen students correctly rephrased the statement using only one metaphor (12 stu-
dents used the FLUID-LIKE SUBSTANCE metaphor, 5 students used the NUMERABLE SUB-
STANCE); six students rephrased using both metaphors.

Twenty students explicitly pointed out that only one metaphor must be used in the
same statement.

Sample answer 1.2: The current does not flow because the circuit is interrupted.
Twenty-three students detected the FLUID-LIKE SUBSTANCE metaphor, and five added

the PATH/CYCLE metaphor.
Twenty students correctly rephrased the statement. Twenty-one students used the FLUID-

LIKE SUBSTANCE metaphor, and one student used the NUMERABLE SUBSTANCE metaphor.
Fourteen students correctly motivated their reformulation, three gave the

wrong motivation.
Four students reiterated that only one metaphor must be used in the same statement.
Sample answer 2.1: The current intensity passes through the whole circuit.
Twenty students detected the vertical LEVEL/INTENSITY metaphor, eight students

detected the FLUID-LIKE SUBSTANCE metaphor, and five students detected the PATH/CYCLE

metaphor.
Twenty-three students correctly rephrased the statement. Twenty-one used the FLUID-

LIKE SUBSTANCE metaphor, six added the LEVEL/INTENSITY metaphor, and eleven used
the PATH/CYCLE metaphor.

Twenty-four students correctly motivated their reformulations: sixteen of them ex-
plicitly pointed out that LEVEL/INTENSITY and FLUID-LIKE SUBSTANCE metaphors must
be differentiated.

Sample answer 2.2: In the wire, the electrons move from one pole to another due to the
difference in potential.

Nineteen students detected the LEVEL/INTENSITY metaphor, twenty-one the NUMER-
ABLE SUBSTANCE metaphor, and two students detected the PATH/CYCLE metaphor.

Twenty students correctly rephrased the statement; twenty-two students used the
NUMERABLE SUBSTANCE metaphor, nineteen the LEVEL/INTENSITY metaphor, and six the
PATH/CYCLE metaphor.

Seventeen students correctly motivated their reformulations, three did not explic-
itly motivate because they accepted the statement as it is, and four students wrote the
wrong motivations.

Sample answer 3.1: If I enter the wire before the bulb, the current carried will be very much,
instead if I enter after the bulb when the current will be very little because the bulb has stolen a part
of it.

Twenty-three students indicate the FLUID-LIKE SUBSTANCE metaphor and ten students
the CONTAINER metaphor.



Educ. Sci. 2022, 12, 457 8 of 15

Twenty-one students correctly rephrase the statement; fourteen use the FLUID-LIKE

SUBSTANCE metaphor, eight the NUMERABLE SUBSTANCE metaphor, six the CONTAINER,
and five the PATH/CYCLE metaphor. All students correctly motivated their reformulations.

Sample answer 3.2: There is a voltage drop.
Twenty-one students indicated the LEVEL/INTENSITY metaphor.
Twenty-three students correctly rephrased the sentence, twenty-two used the

LEVEL/INTENSITY metaphor, and three used the FLUID-LIKE SUBSTANCE metaphor.
Seventeen students correctly motivated their reformulations, four did not explicitly

motivate because they accepted the statement as it is.
Sample answer 4.1:
(a) In the first phase, I would be in the company of other electrons.
Twenty-four students indicated the NUMERABLE SUBSTANCE metaphor; sixteen stu-

dents reformulated the sentence, but only one correctly motivated, including a reference to
a LEVEL/INTENSITY metaphor.

(b) I would lose some of my electron friends in the light bulb.
Twenty-one students indicated the NUMERABLE SUBSTANCE metaphor; seventeen stu-

dents correctly rephrased the statement, explicitly addressing the misconception that cur-
rent would be depleted in flowing through the light bulb and using the LEVEL/INTENSITY

metaphor for the loss of energy (rather than the loss of current).
(c) In the wire after the bulb I would be with fewer friends.
Twenty-two students indicated the NUMERABLE SUBSTANCE metaphor; nineteen

students reformulated the sentence correctly, specifying that it is not the number of elec-
trons that changes but the energy that is transported, finding then more suitable the
LEVEL/INTENSITY metaphor rather than that of NUMERABLE SUBSTANCE.

(d) Inside the battery, I would be gathering new friends.
Eighteen students indicated the NUMERABLE SUBSTANCE metaphor; eighteen students

rephrased the statement correctly, indicating, as in the previous case, that in the battery
(previously, in the light bulb) there is not a variation of a numerable substance (the number
of electrons) but a variation of the transported energy, therefore highlighting, as the most
appropriate metaphor, that of LEVEL/INTENSITY.

Sample answer 4.2:
(a) I would flow very happily because I am positive.
Eighteen students indicated the FLUID-LIKE SUBSTANCE metaphor; twenty-three stu-

dents found the word “positive” ambiguous because while it could metaphorically refer to
a high value of a quantity (e.g., energy), it could also be taken as a reference to the charge of
the particle, that is, it gives rise to a dangerous mismatch of two different metaphors; never-
theless, in rephrasing, many incurred various mistakes, imprecisions, or overall confusion.

(b) The light bulb steals all my happiness and turns it into light.
Twenty-two students indicated the AGENT/PATIENT metaphor; eighteen correctly

reformulated the sentence.
(c) I would flow but be sad because the light bulb stole all my happiness!
Sixteen students indicated the FLUID-LIKE SUBSTANCE metaphor, eighteen students

the AGENT/PATIENT metaphor; twenty-one students accepted the sentence as it is or
reformulated it just to specify that sadness is a metaphor for the loss of energy.

(d) The battery makes me happy again.
Eighteen students indicated the AGENT/PATIENT metaphor; seventeen did not refor-

mulate or reformulated specifying that happiness is a metaphor for energy fullness.
Sample answer 4.3:
(a) I flow, charged with energy, towards the light bulb.
Nineteen students indicated the FLUID-LIKE SUBSTANCE metaphor; eighteen students

did not reformulate or slightly reformulated the sentence.
(b) I undergo a transformation.
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Twenty-two students recognized the AGENT/PATIENT metaphor; fourteen students
correctly reformulated the sentence, in most cases just to specify the nature of this transfor-
mation (loss of energy by the particle).

(c) I leave the light bulb less charged than when I entered.
Twelve students indicated the LEVEL/INTENSITY metaphor; nineteen students refor-

mulated the sentence, fifteen of them finding it correct but at the same time feeling that
despite being inferable by previous sentences a) and b) (in the same set of answers), it
would be preferable to specify that in the language of the author, “charge” refers to a “load”
of energy rather than the actual electric charge of the particle.

(d) I become charged with energy.
Fourteen students indicated the AGENT/PATIENT metaphor. Twelve students rephrased

the sentence, seven of whom only specified again that the term “charge” concerns energy
and not electric charge.

The students’ reactions to the whole activity were investigated through the answers
to 6 questions and an open comment the students could add. Here, we qualitatively
summarize the main information obtained.

4.1. Question 1: What Did I Learn about Teaching Competence through This Activity?

57% of the students answered that they learned to focus on the language they use when
they are teaching; 54% were enlightened to the importance of identifying the metaphors;
50% felt urged to reflect more on the physics concepts they learned.

4.2. Question 2: Which Metaphors Are Most Easily Recognizable?

According to 87% of the students, the FLUID-LIKE SUBSTANCE metaphor is the most
recognizable one.

4.3. Question 3: Does This Approach Help to Enhance Critical Skills in Interpreting Another
Person’s Thinking? Explain

Almost all students (98%) recognized that yes, this approach makes it easier to under-
stand what kind of mental image the other person carries and, when this is the case, to
recognize the error and take action to amend it.

4.4. Question 4: Does This Work Help to Critically Examine One’s Own Language? Explain
with Examples

As with the previous question, nearly all students (96%) affirmed that this work
enhances the focus on the language we use and stimulates us to be critical of it. The
examples they offered concern preconceptions and the use of linguistic expressions without
reflecting on the images aroused by the words and which may therefore convey unintended
meanings, always in strict connections with classroom situations.

4.5. Question 5: What Aspects Does This Activity Contribute If It Comes to Teaching Expertise?

For 83% of the students, this activity helped in tracking the misconceptions of the
pupils; 60% of them also saw it as a way to enhance awareness of the language and the
didactical approach used in the classroom.

4.6. Question 6: In the Study of Circuits, Which Activity Is Most Important for Teacher Training?
Explain and Grade Each Activity: (a) the Analysis of Learning Nodes, (b) Proposals of Experiments,
(c) the Formalization of Laws, and (d) the Study of Metaphors

Outcomes are described in Figure 1. Essentially, all four aspects were rated as im-
portant or very important. In particular, the novel activity of reflecting on the conceptual
metaphors made available by ordinary language was very well received. The rating stu-
dents assigned to it with respect to their training as prospective teachers tended to be at
least comparable to, if not even higher than, the formal study of the laws of physics and
surely comparable to focusing on conceptual nodes and the practice of experiments.
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Figure 1. Average and standard deviation of students’ evaluation on a scale from 1 to 10 of the
importance they assigned to different activities concerning learning physics within their training as
prospective kindergarten and primary school teachers.

Finally, we report some of the most notable comments left by the students.

4.7. Student 1

I find that this work helps to strengthen the critical capacity of interpretation of another
person’s thought, because seeing his answers you can see how the student or the other
person in general has formed ideas inside his head; by understanding what these ideas are,
you can think of an intervention to try to “fix” them.

4.8. Student 2

In my opinion this work helps to a critical examination of one’s own language because
every word can lead to a different image in the minds of children. If the terms used will not
be correct, they could lead to a wrong construction of knowledge and therefore to serious
conceptual errors (e.g., confusion is often made between charge and energy, between energy
and substance).

4.9. Student 3

Nowadays, metaphors are often used in everyday life. It is nice to see how metaphors
can be applied to different disciplines (history, language, science, etc.). The metaphor
allows you to reflect on the true meaning of what you want to express.

4.10. Student 4

As future teachers, [conceptual metaphor] is useful in order to learn to look at things
“with the eyes” of our students. By being able to understand their structures and the way
they interpret concepts, it is easier to understand how to fill in the gaps.

4.11. Student 5

I think all teachers should do this analysis of themselves and their own disciplinary
and non-disciplinary language.

5. Discussion

In general, student teachers were able to detect the conceptual metaphors in the sample
expressions, evidence conceptual errors or inconsistencies, and improve the language in
their reformulations. In most cases, they also commented on educational aspects, such as,
for example, that metaphors must be differentiated and that one metaphor at a time should
be used in the same statement.
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It is likewise evident that sometimes students identified the metaphor in the first
of a series of related sentences, simply forgetting or failing to recall it in subsequent
sentences, and this explains the inflections in the number of students recognizing the same
metaphor within the same set of answers. For example, in the set of answers 4.2, 18 students
recognized the FLUID-LIKE SUBSTANCE in sentence a), while 16 students recognized it in
sentence 4.2 c).

It is worth pointing out that the analysis also puts in evidence the existence of terms
in our language that work as true metaphor triggers, i.e., the identification of a metaphor
occurs much more frequently when a sentence includes a pivot word that is inextricably
bound to that specific metaphor. For example, the use of the verb “to steal” in sentence
4.2 b) “The light bulb steals all my happiness and turns it into light” turns on almost
unanimously the agent/patient metaphor, as happens in sentence 4.3 c), “I leave the light
bulb less charged than when I entered”, where the word “less” immediately referred to an
adjective brings to mind the idea of a vertical scale, i.e., the level/intensity metaphor. As a
matter of fact, a metaphor could be conveyed by several words, some more prompting and
some more generic or less tied to that specific metaphor. For example, the two sentences,
2.1 “The current intensity passes through the whole circuit” and 4.2 a) “I would flow
very happily because I am positive” mediate the very same metaphor, that of FLUID-LIKE

SUBSTANCE, but while this is widely identified in the latter sentence (18 students), only
eight students identified it in the former case. The word “flow” triggers the recognition of
the fluid-like substance metaphor more directly than the word “current” because we are all
used to speaking about “current” when referring to electricity (e.g., in a household context),
perhaps without questioning all the aspects implied by the figurative scheme it conveys.

We want now to focus on those metaphors we would call the main metaphors for
electricity (and for every physics context), i.e., the FLUID-LIKE SUBSTANCE, the NUMERABLE

SUBSTANCE, and the LEVEL/INTENSITY metaphors. The importance of these metaphors
comes from the fact that they are at the root of the notion of extensive and intensive
quantities present in the various fields of physics. So, like for fluids, we have volume
and pressure, or for linear motion, we have momentum and velocity, for electricity, we
have electric charge and electric potential (and their synonyms). Table 3 synthesizes the
metaphors correctly detected by the students specifically regarding these main metaphors
for each sample answer. In answer 1.1, due to its formulation, we report the students’ anal-
yses if they mention both FLUID-LIKE SUBSTANCE and NUMERABLE SUBSTANCE metaphors,
while in the 2.1 and 2.2 answers we report the occurrence of the two metaphors separately.

Table 3. Students’ results concerning the FLUID-LIKE SUBSTANCE and NUMERABLE SUBSTANCE

metaphors in particular.

Answer Main Metaphors
Metaphors
Correctly
Detected

Correct
Rephrase

Correct
Motivation

1.1
fluid-like substance

and
numerable substance

21
88%

17
71%

19
79%

1.2 fluid-like substance 23
96%

20
83%

14
58%

2.1
level/intensity

+
fluid-like substance

20 + 8
83% + 33%

23
96%

24
100%

2.2
numerable substance

+
level/intensity

21 + 19
88% + 79%

20
83%

20
83%

3.1 fluid-like substance 23
96%

21
88%

24
100%

3.2 level/intensity 21
88%

23
96%

21
88%
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Table 3. Cont.

Answer Main Metaphors
Metaphors
Correctly
Detected

Correct
Rephrase

Correct
Motivation

4.1 a) numerable substance 24
100%

1
4%

1
4%

4.1 b) numerable substance 21
88%

17
71%

16
67%

4.1 d) numerable substance 18
75%

18
75%

18
75%

4.2 a) fluid-like substance 18
75%

23
96%

11
46%

4.2 c) fluid-like substance 16
67%

21 *
88%

21 *
88%

4.3 a) fluid-like substance 19
79%

18 *
75%

18 *
75%

* Includes students who accept the sentence as it is.

The percentages reached by the student teachers are very high, above all expectations,
considering the short introduction on metaphor theory and metaphoric analysis the stu-
dents had. This means that this kind of activity stimulated the students’ reflection on the
extensive and intensive aspects of electricity and made them able to differentiate electric
charge or current from electric potential and tension. The only finding against the trend is
the lack of correctness in rephrasing sentence 4.1 a). Here, a large majority of the students
reframed the sentence by sticking to the recognized metaphor (NUMERABLE SUBSTANCE)
and forgetting to also refer to electron potential using the LEVEL/INTENSITY metaphor. This
is, in our opinion, an incompleteness, rather than a conceptual error, because the metaphor
works but is just not fully developed.

Table 4 summarizes the average of correctly detected main metaphors by the students,
calculated over the sample answers (sample answer 1.1 has been excluded). The percent-
age of average correctly detected metaphors is high in the three cases, and the standard
deviations make them statistically indistinguishable. This means that, at least for the three
main metaphors, students became able to make a fairly correct metaphor analysis.

Table 4. Students’ results for main metaphors.

Main Metaphor Average Correctly
Detected Metaphors

FLUID-LIKE SUBSTANCE
17.8 (s.d. = 5.6)

74% (s.d. = 23%)

NUMERABLE SUBSTANCE
21 (s.d. = 2.4)

88% (s.d. = 10%)

LEVEL/INTENSITY
20 (s.d. = 1.0)

83% (s.d. = 4%)

6. Summary

For what concerns RQ1, the results presented in this paper show that, with an intro-
duction to metaphor theory and metaphoric analysis very limited in time, student teachers
became able to carry out a conceptual metaphor analysis of sentences about electric circuits,
applying schemas of FLUID-LIKE SUBSTANCE, NUMERABLE SUBSTANCE, LEVEL/INTENSITY

and other secondary schemas such as path/cycle and container. They acquired competence
in evaluating the correctness of sentences and in rephrasing both the correct and (in particu-
lar) incorrect sentences in a clearer language. Students adequately motivated their choices,
showing that their use of metaphors became conscious and deliberate. All this is probably
due to the fact that this type of theme, bridging natural sciences and human sciences,
fosters the humanistic background of student teachers and stimulates them to a deeper
and more meaningful understanding of physics. This is also confirmed by the students’
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feedback where they pointed out the perception of the usefulness of conceptual metaphors
for their professional development and expressed positive attitudes and inclinations. These
judgments confirm the benefits of offering a reflection on language to prospective teachers,
not only as a general topic per se but in connection with the specific topics included in their
science training; they parallel and complement what has already been shown, for example,
regarding the recognition of the power of narrative forms of science in understanding
nature [52].

A general answer to RQ2 can be deduced from the students’ comments on the whole
activity, where they declared having strengthened their capacity for critically interpreting
the thoughts of children and of other people in general.

Finally, the answer to RQ3 is positive. Not only because formalization will not be the
object of teaching by these prospective teachers, but, above all because, as one extrapolates
from the students’ feedback, they themselves realize that cognitive and linguistic analysis
turns out to be for all intents and purposes a deep conceptual analysis, which lacks nothing
compared to a formalized study, and which, on the contrary, comes perhaps even closer
to the essence of a physical phenomenon and makes the future teachers learn it better
and deeper thanks to the use of very well-known linguistic structures. Moreover, this
experiment proves that an effective introduction to metaphor theory requires a very limited
period of time (2 h over 56), easily integrable in a standard course. This is especially true for
student teachers because such content resonates with topics they already address in other
curricular areas, such as linguistics, literature, and pedagogy. Hence, metaphor theory
introduced in physics education can be seen as good practice, bridging different contexts
and contributing to the development of cross-curricular skills.

In conclusion, we have gained evidence that conceptual metaphor is a powerful
tool for student teachers, even in the case of abstract topics such as electricity. Student
teachers take advantage of conceptual metaphors to analyze their own language and get
a deeper and more critical insight into the disciplinary topic. This suggests that student
teachers should be trained to perform metaphorical analysis, consciously use the different
metaphors of a given subject, and master and differentiate them.

Author Contributions: Conceptualization, F.C. and M.M.; methodology, F.C., M.M. and L.C.; formal
analysis, F.C. and L.C.; investigation, F.C. and M.M.; resources, F.C. and M.M.; data curation, M.M.;
writing—original draft preparation, F.C., M.M., L.C.; writing—review and editing, F.C., M.M. and
L.C.; All authors have read and agreed to the published version of the manuscript.

Funding: This research activity was developed within the Free University of Bozen-Bolzano project
n. BW2809 “PPSE: Primary Physical Science Education. Courses and materials for teacher educa-
tion based upon an imaginative (metaphoric and narrative) approach to the experience of Forces
of Nature.”

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee of General Data Protection Regulation
(protocol code EU 2016/679 and 27/04/16).

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Lakoff, G. Mapping the brain’s metaphor circuitry: Metaphorical thought in everyday reason. Front. Hum. Neurosci. 2014, 8, 958.

[CrossRef] [PubMed]
2. Decree 10-09-2010 n.249 GU Serie Generale n.24 31-01-2011-Suppl. Ordinario n.23. Available online: https://www.

gazzettaufficiale.it/eli/id/2011/01/31/011G0014/sg (accessed on 28 April 2022).
3. Michelini, M. (Ed.) Quality Development in the Teacher Education and Training; Forum: Udine, Italy, 2004.
4. Michelini, M.; Sperandeo, R.M. Challenges in primary and secondary science teachers education and training. In Teaching and

Learning Physics; Kaminski, W., Michelini, M., Eds.; Lithostampa: Udine, Italy, 2012; pp. 143–148.
5. Borko, H. Professional development and teacher learning. Educ. Res. 2004, 33, 3–15. [CrossRef]

http://doi.org/10.3389/fnhum.2014.00958
http://www.ncbi.nlm.nih.gov/pubmed/25566012
https://www.gazzettaufficiale.it/eli/id/2011/01/31/011G0014/sg
https://www.gazzettaufficiale.it/eli/id/2011/01/31/011G0014/sg
http://doi.org/10.3102/0013189X033008003


Educ. Sci. 2022, 12, 457 14 of 15

6. Shulman, L.S. Those who understand: Knowledge growth in teaching. Educ. Res. 1986, 15, 4–14. [CrossRef]
7. Park, S.; Oliver, J.S. Revisiting the Conceptualisation of Pedagogical Content Knowledge (PCK): PCK as a Conceptual Tool to

Understand Teachers as Professionals. Res. Sci. Educ. 2008, 38, 261–284. [CrossRef]
8. Gess-Newsome, J. A Model of Teacher Professional Knowledge and Skill Including PCK: Results of the Thinking from the PCK

Summit. In Re-Examining Pedagogical Content Knowledge in Science Education; Berry, A., Friedrichsen, P.J., Loughran, J., Eds.;
Routledge: London, UK, 2015; pp. 28–42.

9. Karal, I.S.; Alev, N. Development of pre-service physics teachers’ pedagogical content knowledge (PCK) throughout their initial
training. Teach. Dev. 2016, 20, 162–180. [CrossRef]

10. Mavhunga, E.; Rollnick, M.; Ibrahim, B.; Qhobela, M. Student teachers’ competence to transfer strategies for developing PCK for
electric circuits to another physical sciences topic. Afr. J. Res. Math. Sci. Technol. Educ. 2016, 20, 299–313. [CrossRef]

11. Kulgemeyer, C.; Riese, J. From professional knowledge to professional performance: The impact of CK and PCK on teaching
quality in explaining situations. J. Res. Sci. Teach. 2018, 55, 1393–1418. [CrossRef]

12. Kind, V.; Chan, K.K.H. Resolving the amalgam: Connecting pedagogical content knowledge, content knowledge and pedagogical
knowledge. Int. J. Sci. Educ. 2019, 41, 964–978. [CrossRef]

13. Michelini, M. Dialogue on Primary, Secondary and University Pre-Service Teacher Education in Physics. In Research and Innovation
in Physics Education: Two Sides of the Same Coin; Guisasola, J., Zuza, K., Eds.; Springer: Cham, Switzerland, 2020; pp. 37–51.

14. Vidic, E.; Maurizio, R.; Michelini, M. Outcomes of a research-based intervention module on fluids for prospective primary teachers.
In Junior College Multi-Disciplinarily Conference: Research, Practice and Collaboration: Braking Barriers; Conference Proceedings;
Borg Farrugia, C., Ed.; Junior College, University of Malta: Msida, Malta, 2018.

15. Corni, F.; Fuchs, H.U. Primary Physical Science for Student Teachers at Kindergarten and Primary School Levels: Part I—
Foundations of an Imaginative Approach to Physical Science. Interchange 2020, 51, 315–343. [CrossRef]

16. Corni, F.; Fuchs, H.U. Primary Physical Science for Student Teachers at Kindergarten and Primary School Levels: Part II—
Implementation and Evaluation of a Course. Interchange 2021, 52, 203–236. [CrossRef]

17. Corni, F.; Fuchs, H.U.; Landini, A.; Giliberti, E. Visual and gestural metaphors for introducing energy to student teachers of
primary school and kindergarten levels. J. Phys. Conf. Ser. 2019, 1287, 012043. [CrossRef]

18. Corni, F.; Fuchs, H.U.; Dumont, E. Conceptual metaphor in physics education: Roots of analogy, visual metaphors, and a primary
physics course for student teachers. J. Phys. Conf. Ser. 2019, 1286, 012059. [CrossRef]

19. Colletti, L. Teaching the nature of physics through art: A new art of teaching. Phys. Educ. 2018, 53, 015004. [CrossRef]
20. Colletti, L. The Italian secondary-school graduation exam: Connecting physics with the humanities. Phys. Educ. 2021, 56, 015016.

[CrossRef]
21. Reddy, M.J. The conduit metaphor: A case of frame conflict in our language about language. In Metaphor and Thought;

Ortony, A., Ed.; Cambridge University Press: Cambridge, UK, 1979; pp. 284–310.
22. Lakoff, G.; Johnson, M. Metaphors We Live By; University of Chicago Press: Chicago, IL, USA, 1980.
23. Amin, T.G.; Jeppsson, F.; Haglund, J. Conceptual metaphor and embodied cognition in science learning: Introduction to special

issue. Int. J. Sci. Educ. 2015, 37, 745–758. [CrossRef]
24. Gibbs, R.W. The Poetics of Mind: Figurative Thought, Language, and Understanding; Cambridge University Press: Cambridge, IL,

USA, 1994.
25. Bucciantini, M. Su Calvino e la letteratura: Galileo maestro del pensiero figurale. Galilæana 2007, IV, 177–188.
26. Galilei, G. The Assayer: Translated from the Italian by Stillman Drake. In The Controversy on the Comets of 1618: Galileo Galilei,

Horatio Grassi, Mario Guiducci, Johann Kepler; Drake, S., Ed.; University of Pennsylvania Press: Philadelphia, PA, USA, 2016;
pp. 151–336.

27. Galilei, G. Dialogue Concerning the Two Chief World Systems; Drake, S., Translator; University of California Press: Berkeley, CA,
USA, 1953; pp. 186–187.

28. Fuchs, H.U. The narrative structure of continuum thermodynamics. In E-Book Proceedings of the ESERA 2013 Conference:
Science Education Research for Evidence-Based Teaching and Coherence in Learning (Part 1); Constantinou, C.P., Papadouris, N.,
Hadjigeorgiou, A., Eds.; European Science Education Research Association: Nicosia, Cyprus, 2014; pp. 50–61.

29. Lakoff, G.; Núñez, R. Where Mathematics Comes from; Basic Books: New York, NY, USA, 2000.
30. Lancor, R. Using Metaphor Theory to Examine Conceptions of Energy in Biology, Chemistry, and Physics. Sci. Educ. 2014, 23,

1245–1267. [CrossRef]
31. Johnson, M. The Body in the Mind: The Bodily Basis of Meaning, Imagination, and Reason; University of Chicago Press: Chicago, IL,

USA, 1987.
32. Croft, W.; Cruse, D.A. Cognitive Linguistics; Cambridge University Press: Cambridge, UK, 2004.
33. Evans, V.; Green, M. Cognitive Linguistics; Lawrence Erlbaum Associates: Hillsdale, NJ, USA, 2006.
34. Hampe, B. (Ed.) From Perception to Meaning. Image Schemas in Cognitive Linguistics; Mouton de Gruyter: Berlin, Germany, 2005.
35. Osborne, R.J. Children’s ideas about electric current. N. Z. Sci. Teach. 1981, 29, 12–19.
36. Shipstone, D. Pupils’ understanding of simple electrical circuits. Phys. Educ. 1988, 23, 92–96. [CrossRef]
37. Mulhall, P.; McKittrick, B.; Gunstone, R. A perspective on the resolution of confusions in the teaching of electricity. Res. Sci. Educ.

2001, 31, 575–587. [CrossRef]

http://doi.org/10.3102/0013189X015002004
http://doi.org/10.1007/s11165-007-9049-6
http://doi.org/10.1080/13664530.2015.1124138
http://doi.org/10.1080/18117295.2016.1237000
http://doi.org/10.1002/tea.21457
http://doi.org/10.1080/09500693.2019.1584931
http://doi.org/10.1007/s10780-019-09382-0
http://doi.org/10.1007/s10780-021-09424-6
http://doi.org/10.1088/1742-6596/1287/1/012043
http://doi.org/10.1088/1742-6596/1286/1/012059
http://doi.org/10.1088/1361-6552/aa8a8c
http://doi.org/10.1088/1361-6552/abc8fc
http://doi.org/10.1080/09500693.2015.1025245
http://doi.org/10.1007/s11191-012-9535-8
http://doi.org/10.1088/0031-9120/23/2/004
http://doi.org/10.1023/A:1013154125379


Educ. Sci. 2022, 12, 457 15 of 15

38. Shaffer, P.; McDermott, L. Research as a guide for curriculum development: An example from current electricity. Part II: Design
of instructional strategies. Am. J. Phys. 1992, 60, 1003–1013. [CrossRef]

39. Psillos, D.; Koumaras, P.; Tiberghien, A. Voltage presented as a primary concept in an introductory teaching sequence on DC
circuits. Int. J. Sci. Educ. 1988, 10, 29–43. [CrossRef]

40. Psillos, D. Teaching introductory electricity. In Connecting Research in Physics Education with Teacher Education; Tiberghien, A.,
Jossem, E.L., Barojas, J., Eds.; International Commission on Physics Education: Brussels, Belgium, 1997; Available online: http:
//www.iupap-icpe.org/publications/teach1/ConnectingResInPhysEducWithTeacherEduc_Vol_1.pdf (accessed on 28 April 2022).

41. Schwedes, H.; Dudeck, W. Teaching electricity by help of a water analogy (how to cope with the need for conceptual change). In
Research in Science Education in Europe; Welford, G., Osborne, J., Scott, P., Eds.; Routledge: London, UK, 1996; pp. 50–63.

42. Stocklmayer, S.M.; Treagust, D.F. Images of electricity: How do novices and experts model electric current? Int. J. Sci. Educ. 1996,
18, 163–178. [CrossRef]

43. Brna, P. Confronting misconception in the domain of simple electrical circuits. Instr. Sci. 1988, 17, 29–55. [CrossRef]
44. Solomonidou, C.; Kakana, D. Preschool children’s conceptions about the electric current and the functioning of electric appliances.

Eur. Early Child. Educ. Res. J. 2000, 8, 95–111. [CrossRef]
45. Glauert, E.B. How young children understand electric circuits: Prediction, explanation and exploration. Int. J. Sci. Educ. 2009, 31,

1025–1047. [CrossRef]
46. Kada, V.; Ravanis, K. Creating a simple electric circuit with children between the ages of five and six. S. Afr. J. Educ. 2016, 36, 1–9.

[CrossRef]
47. Métioui, A.; Trudel, L. Conceptions about electrical circuits of English and French pupils from Nova Scotia in Canada. EDU Rev.

Int. Educ. Learn. Rev. 2020, 8, 73–82. [CrossRef]
48. Kaliampos, G.; Kada, V.; Saregar, A.; Ravanis, K. Preschool pupils mental representations on electricity, simple electrical circuits

and electrical appliances. Eur. J. Educ. Stud. 2020, 7, 596–611.
49. Aligo, B.L.; Branzuela, R.L.; Faraon, C.A.G.; Gardon, J.D.; Orleans, A.V. Teaching and learning electricity—A study on students’

and science teachers’ common misconceptions. Manila J. Sci. 2021, 14, 22–34.
50. Yin, R.K. Case Study Research and Applications. Design and Methods, 6th ed.; SAGE: Singapore, 2018.
51. Biesta, G. Mixing Methods in Education Research. In Research Methods & Methodologies in Education, 3rd ed.; Coe, R., Waring, M.,

Hedges, L.V., Day Ashley, L., Eds.; SAGE: London, UK, 2021; pp. 186–193.
52. Corni, F.; Fuchs, H.U.; Giliberti, E.; Mariani, C. Primary School Teachers: Becoming Aware of the Relevance of Their Own Scientific

Knowledge. In Proceedings of the World Conference on Physics Education 2012, Istanbul, Turkey, 1–6 July 2012; Tasar, M.F., Ed.;
Pegem Akademi: Ankara, Turkey, 2014; pp. 1063–1072.

http://doi.org/10.1119/1.16979
http://doi.org/10.1080/0950069880100104
http://www.iupap-icpe.org/publications/teach1/ConnectingResInPhysEducWithTeacherEduc_Vol_1.pdf
http://www.iupap-icpe.org/publications/teach1/ConnectingResInPhysEducWithTeacherEduc_Vol_1.pdf
http://doi.org/10.1080/0950069960180203
http://doi.org/10.1007/BF00121233
http://doi.org/10.1080/13502930085208511
http://doi.org/10.1080/09500690802101950
http://doi.org/10.15700/saje.v36n2a1233
http://doi.org/10.37467/gka-edurev.v2.2229

	Introduction 
	Conceptual Metaphor Theory: A Brief Outline 
	Conceptual Metaphor in Electric Circuits and Purpose of This Work 
	Methodology and Data Analysis 
	Question 1: What Did I Learn about Teaching Competence through This Activity? 
	Question 2: Which Metaphors Are Most Easily Recognizable? 
	Question 3: Does This Approach Help to Enhance Critical Skills in Interpreting Another Person’s Thinking? Explain 
	Question 4: Does This Work Help to Critically Examine One’s Own Language? Explain with Examples 
	Question 5: What Aspects Does This Activity Contribute If It Comes to Teaching Expertise? 
	Question 6: In the Study of Circuits, Which Activity Is Most Important for Teacher Training? Explain and Grade Each Activity: (a) the Analysis of Learning Nodes, (b) Proposals of Experiments, (c) the Formalization of Laws, and (d) the Study of Metaphors 
	Student 1 
	Student 2 
	Student 3 
	Student 4 
	Student 5 

	Discussion 
	Summary 
	References

