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INTRODUCTION 

Throughout the history of educational philosophy, numerous authors, from John Dewey, Alice and David Kolb to Maria 
Montessori, stress the importance of using movement to promote learning. John Dewey attempted to dissolve the 
Cartesian dualism that separates the mind from the body. He …celebrates body-mind as an essential unity in which 
mental life emerges from the body’s more basic physical … functions [1].  

Movement awakens and activates many of our mental capacities [2]. The use of creative movement activities as 
a teaching method in school settings is an example of holistic teaching that integrates kinaesthetic and verbal activities. 
Holistic teaching could, in principle, be defined as a teaching (and learning) approach in which all human senses are 
activated by delivering new, additional and/or redundant information, not only by visual and audio channels, but also 
tactile and kinaesthetic channels and, in theory, also olfactory or even gustatory channels. Holistic learning means 
understanding with both the body and the mind [3]. 

Both kinaesthetic teaching and learning have been investigated by several researchers. Gardner recognised the 
importance of movement in learning in his Theory of Multiple Intelligences [4]. Bodily-kinaesthetic intelligence, as one 
of seven intelligences, was defined by Gardner as the ability to solve problems or to fashion products using one’s whole 
body, or parts of the body. Recently, in cognitive science, the concepts of embodiment have been widely discussed, 
recognising a mutual dependence of the body and mind [5-12]. Embodiment refers to the fact that the brain is in the 
body, which in turn is embedded in a physical and social environment [13]. Davidson identifies the deeply connected 
paths of knowing, where the body and mind intersect and become entangled [14]. Embodied cognition reflects the 
argument that the motor system influences our cognition, just as the mind influences bodily actions. New discoveries 
have uncovered a wide range of interrelations between body postures and body movement, and perception, mental 
processing and action planning [13][15][16]. It should be imperative, therefore, that every student (from elementary 
school to university level) has the opportunity to learn in multiple ways, and has access to multivariate approaches. 
Bodily-kinaesthetic intelligence is still one of the most undervalued in the school system. Learning to include 
a student’s moving body in the classroom requires making a significant shift in the teacher’s conception of knowledge 
and teaching methods. Shapiro explains: …Creative movement … offers a unique and powerful form of human 
expression. It allows us to speak in a language that is visceral and far less mediated by our thought and abstract 
conceptualisation. It provides, at times, a raw, embodied way of capturing human experience [17]. 

The use of creative movement as a teaching method in educational settings is an example of holistic teaching and learning, 
where students use movement to express, form and create various educational content. This method encourages the student 
to learn, communicate and create through his/her body. When using creative movement, students develop in the 
intellectual, emotional, social, aesthetic, physical and psychomotor fields. Kinaesthetic learning stimulates students’ 
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understanding and creativity, improves interpersonal relationships, motoric and cognitive development in a positive way, 
creates positive emotional and social experiences, and causes the loosening of inner tensions. When students translate 
information from a linguistic to a kinaesthetic language they improve their own comprehension, expression, and 
application of science concepts. The results of various studies, where primary and secondary school children were 
involved in creative movement, show that cooperation between students improved, and that students were more easily 
motivated for various types of learning content [18-22]. This approach also brings the more complicated and less 
understandable concepts closer to students. Movement makes students feel pleasant, connecting them with positive 
emotions. Additionally, working in groups develops social skills. This type of climate contributes to better academic 
results and to longer lasting knowledge [18-21][23]. Creative movement is considered an important learning approach 
that helps students to connect abstract ideas to concrete and fundamental movement concepts [24]. 

A similar example is a well-known method for teaching language, called total physical response. The method is based 
on the coordination of language and physical movement, where students respond with whole-body actions [25]. Another 
methodology, where the expression of the body to music is used in the learning process, is convergent pedagogy [26]. 
Various studies have been published showing the effectiveness of using the kinaesthetic approach for teaching 
mathematics, physics, chemistry, technology and engineering to elementary and secondary school students, including 
topics like axial symmetry, geometry, electrical circuits and molecular structures [27-35]. The research on kinaesthetic 
teaching should not be limited to elementary and secondary school students, but should reach to the highest academic 
levels of graduate and postgraduate students as well [36].  

This article describes a pilot study in which a holistic teaching and learning approach is used by including creative 
movement elements in lectures for undergraduate engineering students. The main hypothesis of the experiment was that 
using the kinaesthetic approach to teaching would improve students’ motivation, understanding of the topics and 
cognition, and would contribute to better results in written examinations at the end of the semester.  

METHODS 

The study was conducted on a group of second-year electrical engineering students at the University of Ljubljana. In the 
study, from a total of 110 students, data were collected from 56 students. Of these, 41 students participated as the 
control group and 15 students as the experimental group. 

At the University of Ljubljana, the Measurement Instrumentation course includes the basics of metrology, measuring 
methods and instrumentation [37][38]. The one-semester course is composed of two hours of lectures and two hours of 
laboratories every week. The students learn how to perform measurements using various methods and measuring 
instruments, and how to evaluate measuring results. Prior to the laboratory sessions, pre-laboratory lectures are given, 
describing in detail the goal of each exercise with practical guidelines for their implementation and samples of 
examination questions from this particular topic. The course concludes with a written and an oral examination. 
The written examination consists of five questions from the topics of electrical and magnetic measurements.  

For this study, two pre-laboratory lectures were selected from the syllabus of the Measurement Instrumentation course: 
measuring the magnetic properties of ferromagnetic materials and RS-232 communication in measurement 
instrumentation. Two groups of students were taught by two lecturers who had similar teaching backgrounds and 
a similar approach to students, style of presenting, type of personality, and comparable results in the Annual University 
of Ljubljana Students’ Opinion Survey. In order to minimise the differences in lectures and the amount of information 
given to the students, the two lecturers were instructed to lecture on agreed topics with the same theoretical background, 
focusing on the same main points of the exercise.  

The lecturers used two different approaches to teach the students. The first group (the control group) had laboratory 
exercises explained to them with the classic audio and visual (pictorial and symbolic level) ex-cathedra method. 
The second group (the experimental group) was taught the same topics by means of kinaesthetic method. 
The differences between the groups were evaluated, focusing on the amount and quality of gained knowledge, and the 
social and emotional aspects of each method of teaching. At the end of the semester, the topics were included in the 
written examination. The differences between the groups’ examination results were analysed.  

The Pre-laboratory Lecture Topics 

Two topics were selected for the experiment. In the first pre-laboratory lecture, the lecturer guided the students through 
the topic of measuring the magnetic properties of ferromagnetic materials. Only a couple of students were actively 
involved, while the others were observers. In the second pre-laboratory lecture, all the students were actively involved 
in the kinaesthetic presentation of RS-232 interface bus and communication protocol during measurement.  

Guided Exercise – Measuring the Magnetic Properties of Ferromagnetic Materials 

The first laboratory exercise included determining the BH curve of certain ferromagnetic material [39][40]. It was 
focused on the static BH magnetising curve, using the DC powering current and dynamic hysteresis with an AC 
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powering current. In both static and dynamic conditions, powering the current into the primary windings generates 
magnetic flux, which is transferred via ferromagnetic material to the secondary windings, where voltage is induced. 

In principle, the static BH magnetising curve of a ferromagnetic material can be determined by measuring magnetic flux 
density B and magnetic field strength H. By measuring the current going into the primary windings, the students could 
determine the value of H, and by measuring the time integral of induced voltage in the secondary windings, the value of 
B. Within the laboratory, the resulting hysteresis of the ferromagnetic core was determined by means of a virtual 
instrument, measuring the current and induced voltage and calculating the specific losses of the material. 

The main goal of the kinaesthetic lecture was to help the students better understand the physics and the principles of 
measuring the B and H of the ferromagnetic material. Their understanding of the topic was expected to have improved 
and strengthened by moving through space and physically performing some of the activities of the electromagnetic 
quantities. Table 1 shows the steps of the guided exercise. The lecturer was highly involved in the process, i.e. 
preparing - drawing wires, windings, coils, ferromagnetic core on the floor, and thematically guiding the students 
through the circuit allowing them to draw conclusions for themselves.  

Table 1: The steps to teaching the measuring of magnetic properties of ferromagnetic materials. 

Step Activity Description 
1 Current flowing through wire The lecturer prepared a single wire by drawing a line on the floor (using 

duct tape). A student was selected and encouraged to represent the DC and 
AC currents in her/his own way. 

2 Magnetic fields in an air-
cored coil 

The lecturer drew a coil. A discussion on generated magnetic flux density in 
an air-cored coil took place. Another student was selected, representing the 
generated magnetic flux, and presented the AC and DC magnetic flux 
densities and spatial distribution of the generated magnetic field. 

3 Introducing a ferromagnetic 
core in the coil 

The lecturer drew a ferromagnetic ring as the coil core. A discussion on the 
permeability of materials followed. 

4 Secondary coil The lecturer drew the secondary coil. A discussion about induced voltage in 
both static and dynamic conditions, and measuring methods followed. 
Another student was selected to represent the induced voltage. 

5 Synchronisation of the 
phenomena 

All three students worked in a synchronised way, following the student 
representing current. The BH curve of the ferromagnetic core was 
constructed from the current and the induced voltage. 

Autonomously Performed Exercise - RS-232 Communication Protocol 

In this laboratory exercise, the students were first presented common interface buses used for communication between 
a measuring instrument and a computer. The experiment was focused on the RS-232 communication protocol and its 
main features [41]. 

The lecturer introduced the protocol and basics of standard commands for programmable instruments (SCPI), i.e. the 
standard for syntax and commands to use in controlling programmable measuring devices and ASCII coding [41]. 
The RS-232 explanation was not detailed; instead, the protocol was just briefly introduced. A couple of students were, 
then, selected to explain the property and purpose of each bit within a SCPI command according to the RS-232 
protocol. 

The students themselves had to decide on a binary coding - what kind of body gesture/posture will stand for logical 1 
and what kind for logical 0. The lecturer also performed parts of his explanations kinaesthetically, i.e. he explained the 
RS-232 voltage levels by standing on his head. Thus, kinaesthetically indicating, that in the RS-232 protocol logical 1 is 
represented by a negative and logical 0 is represented by positive voltage level, the opposite of what one would expect.  

Information transfer concepts, such as baud rate or parity, were explained by selecting a group of students representing 
a byte of information and moving from the personal computer (one end of the corridor outside the classroom) to the 
measuring instrument (the other end of the corridor) at different speeds, thus, explaining the baud rate. 

After this kinaesthetic explanation, all the students were divided into groups of five. The groups of students were selected 
in such a way that each student represented a byte of information (11 bits), thus, coding one letter of the five-letter SCPI 
command. Each group received a randomly selected SCPI command and created a choreography that corresponded to 
the SCPI command. They were using their own (arbitrary) form of representing bits of the logical 0 and 1. 

Additionally, to make the exercise more fun and motivating, three students were selected to decode each bit of 
information into the SCPI command. If the coding produced the wrong results, the lecturer would draw attention to the 
mistake, as in information transfer error issues (e.g. parity concepts) or baud rate (the students were performing their 
movements faster or slower).  
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Group Comparison 

Three comparisons were performed: the answers to a short quiz on the topics, the answers to a questionnaire on the 
teaching approach and the score of the relevant question in the final examination. 

At the end of each lecture, short anonymous questionnaires were filled in by the students. The questionnaires included 
a short written quiz, which contained four specific questions on the topics of laboratory, i.e. measuring the magnetic 
properties, e.g. about specific losses of magnetic material, plastic coil-core and RS-232 communication protocol, 
e.g. *RST command, voltage level of USB protocol, parity, baud rate. Additionally, the students filled in questions 
about the teaching approach itself (Table 2).  

Table 2: The questionnaire about the teaching method for the experimental and control groups. 

Experimental group Control group Answers 
How interesting did you find the teaching of 
this topic? 

How interesting did you find the 
teaching of this topic? 

Ordinal scale from 1 
(not at all) to 5 (very 
much). How would you rate your understanding of the 

laboratory exercise?   
How would you rate your understanding 
of the laboratory exercises?   

Would you like to have more lectures like this? 
What was your general feeling during this 
class? 

What was your general feeling during 
this class? 

Why? Why? Descriptive 

Both topics were included as a question in the written examination at the end of semester, e.g. a question where the 
students had to present the time dependence of the voltage levels for a single character RS-232 transfer. In the analysis 
of the examination results, students’ answers were graded from 0 (completely wrong answer) to 10 points (completely 
correct answer), and the answers of the experimental and control groups were compared. Equal variances were not 
assumed; therefore, Welch’s t-test was used for comparison. The results were evaluated using the SPSS Statistics 20 
statistical program (by IBM Corporation, USA), using the independent sample t-test for equality of means. 

RESULTS 

The holistic approach to teaching electrical engineering at university level provided some interesting outcomes. 
The students were very imaginative when it came to representing the concepts in their own way. The innovative 
solutions were amazing. One such example was the representation of the low-pass filtering of high-induced voltage 
impulses, occurring when the DC powering current into the primary winding was commutated. One student represented 
the induced voltage impulse by jumping high in the air. Another student, representing the low-pass filter, did not allow 
the first student to jump high by forcing him to the ground (Figure 1 left); thus, representing the attenuation of the 
induced voltage amplitude. 

During the guided teaching of measuring ferromagnetic materials, they contrived a variety of representations of AC or 
DC currents (e.g. walking steadily along the wires for DC and spinning around for AC current), the resulting AC or DC 
magnetic flux (e.g. time synchronised steady walk along the ferromagnetic core for DC or rotating their hands for AC 
flux, with their hands raised for high flux amplitudes with a high permeability core or lowered for a low permeability 
core), the induced voltage shape (e.g. high jumps for the voltage impulse or twisted arms for AC induced voltage), etc.  

Figure 1: Left - action in the corridor - filtering the induced voltage pulse (encircled). Middle and right - two logical 
states of the RS-232 protocol presented by a student. 
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Within the RS-232 protocol exercise, some examples of the bit representation included hands down and hands up for 0 
and 1, respectively, or standing for 0 and sitting for 1, various forms of jumping (Figure 1 middle and right), opening or 
closing the eyes, touching their noses for logical 0 and ears for logical 1, etc. Some of the students used additional 
materials, such as a roll of paper (turned vertically for logical 1 and horizontally for 0) or an apple (shown for 1 and 
hidden behind their back for 0). In general, the students thought of a clearly distinguishable binary representation of the 
logical levels, which they performed with their bodies and, especially, with alternated physical quantities (e.g. AC 
current), with their body movements. 

Most of the students involved were very cooperative and enjoyed taking part in this type of an educational process. 
When the questionnaires were analysed, personal opinions and notes were also checked and compared (Table 3). 
The questionnaire being anonymous and writing personal opinions not obligatory, it was expected that there would not 
be many of them. In fact, the control group did not include many comments and opinions (six out of 41 or 15%), 
while 12 out of 15 students (80%) of the experimental group included their personal views on the teaching and learning 
approach. This points to the conclusion that they liked the lecture. 

Table 3: A qualitative comparison - opinions of the students involved. 

Control group Experimental group 
It was boring. 
Monotonous. 
Uninteresting material and interpretation. 
Drawn and lengthy explanations. 

More interesting, dynamic and not monotonous. Very different 
approach in terms of other classes. 
More fun than sitting. 
I laughed and enjoyed the show. Very relaxed atmosphere.  
More interesting and more active. 
Interactive and easier to remember. 
We did not have to absorb a lot of information in a short time. 
This is not the best way of explaining such topics.  
I am introverted, I did not like it (but it was fun watching the others). 

Figure 2 shows a comparison of the general questions about teaching from Table 2. The answers to general questions 
about the teaching approach were analysed for two experiments. After the first kinaesthetic lecture, the average answer 
to the question whether they would like to have more lectures like this was 3.9 (SD = 1.1). After the second kinaesthetic 
lecture, it even increased to 4.3 (0.8). Therefore, one could conclude that the majority of the students enjoyed this type 
of teaching and learning and would like to experience it in the future. 

Figure 2: A comparison of the control (C) and the experimental (E) group answers (not in the least - 1) to (very much - 5), 
ordinal scale, to the general questions about the teaching approach for two topics (guided example and autonomous 
example). Error bars represent the standard deviation of answers. * indicates a statistically significant difference 
between groups (p < 0.05). 

An analysis of the answers to specific questions from the control and the experimental groups is shown in Table 4. 
In general, the control group had more wrong or missing answers than the experimental group.  
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Table 4. A comparison of the control and the experimental groups answers to specific questions from the short quiz on the 
topics of the laboratory exercises. The bold font indicates a statistically significant difference between groups (p < 0.05). 

Specific question on t p 
Autonomous example (RS-232 protocol) 
   Voltage level of RS-232 protocol t(22.00) = 8.899 0.000 
   Voltage level of USB protocol t(22.00) = 1.447 0.162 
   Parity t(22.00) = 4.114 0.000 
   Baud rate t(22.00) = 3.166 0.004 
   SCPI reset command t(34.22) = 9.841 0.000 
Guided example (ferromagnetism) 

 AC current induced voltage t(22.00) = 2.152 0.043 
   DC current induced voltage t(22.00) = 2.787 0.011 
   Plastic coil-core t(22.00) = 1.447 0.162 

The comparison of the written examination answers from the experimental group (n = 15) and the classically taught 
students (n = 41) showed a statistically significant difference in their answers on the topic of measuring ferromagnetic 
materials. Of the 10 maximum points, the experimental students scored on average 9.5 (SD = 1.0) points, whereas the 
control group scored 5.8 (SD = 4.4), t(19) = 3.217, p = 0.004. The difference between answers on the RS 232 protocol 
was smaller and did not reach a statistical significance: the experimental group scored 8.0 (1.5) points and the control 
group 7.0 (2.7) points, t(45) = 1.640, p = 0.108. Therefore, one could conclude that in the written examinations the 
experimental group did better compared with the control group. 

DISCUSSION 

This experiment was a pilot experiment dealing with a holistic didactic approach, based on the latest findings in 
neuroscience (embodiment) and various teaching and learning approaches/methods. The kinaesthetic approach, a type 
of active learning [42], was used to teach an experimental group of engineering students. The control group was taught 
using the classic ex-cathedra teaching. The experiment comprised of two exercises. During the first exercise, the 
lecturer guided the students. In the second, autonomously performed exercise, the students used their own creativity and 
came up with their own movements to express their knowledge about the topic. In both exercises, the students had to 
translate their knowledge into kinaesthetic learning, by which they strengthened their understanding of the topic. 

The experiment showed that even engineering students were quite capable of expressing themselves using movement 
and were happy to participate. The results of this pilot study indicate an increase in the students’ motivation, and the 
possibility of better explanation and understanding. The students used their bodies to structure what they thought about 
the topic. This type of teaching proved to be a valuable tool for a teacher of undergraduate electrical engineering. 
The RS-232 topic was better accepted than ferromagnetism, which one can associate with the fact that all of the 
students were actively involved. 

One of the positive sides of kinaesthetic teaching was its social aspect. During the lesson, the students self-organised 
into groups, interacted strongly and discussed the topics, thus, being actively involved in the task. In fact, they were so 
active that the goal subjects of the lecture, i.e. magnetic properties and the RS-232 protocol, were not even perceived as 
something they had to learn. They used this goal as a starting point, which helped them to be creative, and think of 
different ways of showing the basics of magnetic measurements and the RS-232 protocol. It was a foundation for the 
creative development of their commentaries and enabled them to combine different skills and knowledge. The majority 
of them simply enjoyed the lecture and took part in it. They had fun, and were more relaxed and more focused on the 
topics. They learned the basics of the magnetic measurements and communication protocol with ease, without being 
aware of the learning process.  

There are certain shortcomings of this pilot study that should be noted. To achieve a firmer statistical relevance, 
a higher number of participants is necessary. The main challenge was to distinguish clearly between the learning effect 
due to the kinaesthetic approach or due to higher motivation and attention because of the students’ perceived novelty of 
the teaching/learning style. Due to the complexity of the cause-effect relationship, the conclusion of this study can only 
be confirmation that the increased motivation and attention improved the learning results of the students. The study 
indicated that one of the ways to increase motivation and the attention is the employment of holistic types of teaching, 
in this case creative movement. Additionally, the influence of different lecturers (personality, style of presenting and 
explaining, personal characteristics, etc.) could be expected. In the future, to obviate this, it is planned that a single 
lecturer will give lectures to both groups, control and experimental. Another possibility would be the randomisation of 
teacher-group pairs. Yet another improvement would be to elicit the students’ opinion on the teaching, i.e. what they 
actually learned and why they did what they did, by using a qualitative analysis in the form of an interview, thematic 
analysis and coding technique. 

Based on the results of this study, another kinaesthetic lecture is being prepared. One of the topics, which is important 
in measuring science and usually also quite difficult to grasp for second year students, is the concept of measuring 
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uncertainty [38]. Students will be invited to search for the major uncertainty contributions of a measurement and, 
afterwards, represent them kinaesthetically, with the main goal of geometrically summing the contributions and 
identifying the largest contributions and, finally, to find methods and procedures to lessen these. 

CONCLUSIONS 

This pilot experiment compared two groups of students; each taught certain topics using different teaching approaches: 
the kinaesthetic approach and the classical ex-cathedra teaching method. The results of a comparison indicated 
differences. The quantitative comparison showed that the experimental group gained a better understanding for the 
majority of the short quiz questions and had more correct answers compared with the control group. 

The results of the written examinations indicated that the experimental group was significantly more successful at one 
topic compared with the control group. The qualitative comparison showed that the experimental group was more 
motivated and more eager to be a part of the learning process and, in general, enjoyed and profited from the lectures 
more. 
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